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Abstract—Finite element analysis (FEA) has become the
favourite method of analysis for complex engineering
structures. The application of computer software’s to
model and analyse the structure is faster, and
predominantly cost-effective compared to experimental
versions. This paper describes the finite element
simulation of the two way RCC slabs with different
composite layered retrofitted RCC slabs strengthened
with two wrapping techniques (plus and square type of
configurations) using Fibre Reinforced Polymer (FRP)
fabrics. The FRP used in the workare Carbon, Glass,
Basalt and Polypropylene fabrics.The ultimate loads,
deflection at ultimate load, deflection contours and the
crack patterns of all the slabs are discussed.

Index Terms— Composite, Cost-effective, Fibre
Reinforced Polymer (FRP), Retrofitted, Simulation.

I. INTRODUCTION

The application of FE analysis has increasedsince the
enormous scientific advancement in current years.
This has eased the researchers to improve the skillsof
computer tasks by combining the sophisticated
software’s and hardware’s. Finite element analysis
(FEA) has become the favourite method of analysis
for complex engineering structures. The application of
computer software’s to model and analyze the
structure is faster, and predominantly cost-effective
compared to experimental versions. By considering
the application of Finite Element (FE) packages, more
capable and advanced analyses can be done. This
paper describes the finite element simulation of the
two way RC slabs and also different composite
layered retrofitted RCC slabs strengthened with
different wrapping techniques using Fibre Reinforced
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Polymer (FRP) fabrics. The FRP used in the work are
Carbon (CFRP), Glass (GFRP), Basalt (BFRP) and
Polypropylene (PPFRP) fabrics.Here a non-linear
finite element analyses for all slab specimens is
carried out.

Il. LITERATURE REVIEW

A research work desires to be assessed with a
numerical analysis using either software or a
mathematical model. The elements of a structure such
as slab, beams were modeled by describing the
elements in software which exhibits the same material
properties of the members in practice, followed by
load application, support conditions and attaining the
outputs.

In the research works taken up bySingh et al. 2016 [1],
Subramani & Balamurugan 2016 [2], Demakos et al.
2013 [4], Mahmood & Agarwal 2013 [6], Jayajothi et
al. 2013 [7], Banu et al. 2012 [9], Rousan et al. 2012
[11], Patil et al. 2012 [13], Saifullah et al. 2011 [15]
and Kim et al. 2010 [16] utilized a finite element
software ANSYS to model and analyze the members.
The results achieved were in good agreement with the
experimental investigations.

Other Finite element softwares such as 3D CAMUI,
Cervenka, ATENA and LS-DYNA were utilised by
Larrinaga et al. 2014 [3], Elsanadedy et al. 2013 [5],
Almusallam et al. 2013 [8], Schladitz et al. 2012 [10],
Hashemi & Mahaidi 2012 [12] and Farghaly& Ueda
2011 [14]

I11. MATERIALS

The RCC structure is classified into one, two or three
dimensional finite elements depending on the
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requirement and this categorization of the structure
was of fictitious lines or surfaces or volumes.

Concrete was modeled usingSOLID65, which was a
solid with or without reinforcing rebars. The solid was
capable of cracking in compression and crushing in
tension. SOLID65 element was with 8 nodes and three
degrees of freedom at each node, translations in the
nodal was in x, y, and z directions.

LINK180 element was used to model the reinforcing
rebars, distinct modeling was carried out by the
assumption that bonding between steel and concrete
was 100%. LINK180 was a uniaxial tension-
compression member with the nonlinear material
properties. The element comprises of 2 nodes with
three degree of freedom at each node, translations in
the nodal x, y, and z directions.

The steel supports at both the ends and also the steel
plates through which the uniformly distributed load
was applied on all the slabs, was modeled by using
SOLID 45. The element comprises of 8 nodes with
three degrees of freedom at each node: translations in
the nodal X, Y, and Z directions. This element
represents the properties such as plasticity, creep,
swelling, stress stiffening, large deflection, and large
strain capabilities.

The composite FRP materials used in the work are
Carbon (CFRP), Glass (GFRP), Basalt (BFRP) and
Polypropylene (PPFRP) fabrics were modeled using
layered SOLID46 structural solid element. This
element comprises of 8 nodes with three degree of
freedom at each node. The element material was
assumed to be orthotropic and perfect interlaminate
bonding. It was also assumed that the stress-strain
relationships for all the FRP materials were linearly
elastic.

IV. METHODOLOGY

A numerical investigation with the provision of finite
element software ANSYS 19.0 workbench was
utilized to carry out non-linear Finite Element
Analysis of all the RCC slabs.

The modeling for the analysis was done as volumes.
Only half of all the slabs were modeled, since it was
symmetric. The composites were modeled by using
separate volumes for plus and square wrapping
schemes respectively as shown in Fig 1.

A rectangular or square mesh was suggested
(Wolanski 2004 [17], Kachlakev et al 2001 [18]) to
obtain an excellent result from the SOLID65 element.
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Hence, the mesh was setup so that square elements
were formed. It was attained by mapped meshing
which is available in ANSYS 19.0 workbench.
Mapped meshing was known to deliver the best
results with higher accuracy as compared to free or
sweep meshing represented in Fig 2.
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Fig 1: Representation of modeled RC slab a) control
slab, b) slab with plus wrapping configuration and c)
slab with square wrapping configuration.

——

Fig 2: Represents the meshing for the strengthened
slab models a) plus wrapping configuration &
b)square wrapping configuration

For slabs, the load was transferred through steel
plates and the steel supports at the end of the RCC
slabs as shown in Fig 3.

The analysis was associated to study three different
behaviors of the model under initial cracking of the
slab, deflection and the ultimate strength of the slab.
The nonlinear response was computed using Newton-
Raphson method of analysis.
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Fig 3: Represents the applied load and the support
constraints applied to the model

Incremental loads are applied up to the failure as
required by the Newton-Raphson procedure. The
output controls assist in achieving every step print out
and for data storage. The L2 convergence norm was
employed where the convergence was stood on the
structural force F, with a tolerance value of 0.1. All
the limits were set to zero, such as nodal DOF
solution, cumulative iterations, elapsed time and CPU
time.

V. RESULTS& DISCUSSIONS

The ultimate load and deflection at ultimate load for
the FE model was considered based on the variations
in the cracks and the deflectionsshown in Table 1.

Table 1: Ultimate load and deflection at ultimate load
of all the slabs obtained from ANSYS

Sl Ultimate Deflection at
No. FEM model load (kN)| ultimate load (mm)
1 Plain 130 16.09
2 CFRP with Plus 247 13.19
configuration
3 GFRP with Plus 215 13.23
configuration
4 BFRP with Plus 184 13.34
configuration
5 PPFRP with Plus 184 13.47
configuration
6 CFRP with Square 239 13.54
configuration
7 | GFRP with Square 202 13.29
configuration
8 | BFRP with Square 176 13.36
configuration
9 | PPFRP with Square 194 13.47
configuration

From the Table 1, it was observed that the ultimate
load was least for the control slab whereas and
deflection was higher compared over the other slab
models. All the slab models performed well in terms
of ultimate load carrying capacity however the
deflections for all the strengthened slab models were
nearly same.

Table 2: Percentage increase in Ultimate load of
slabs strengthened using different fabrics

Percentage increase
SINo. FEM model in Ultimate load (%)
1 Plain -
2 CFRP fabric 46.5
3 GFRP fabric 37.6
4 BFRP fabric 27.8
5 PPFRP fabric 31.2
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From Table 2,it was observed that Carbon fabric
performed well with the highest load carrying
capacity of 46.5% and Basalt fabric with the least
load carrying capacity of 27.8% in comparison with
the unstrengthened slab model.

The deflection contours for few slab models
obtained from the analysis are represented in Fig 4.
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Fig 4: Deflection contour obtained for slabs
The bottom view of the crack patterns of few slabs as
acquired using ANSYS 19.0 workbench are
represented in Fig 5.

Fig 5: Crack pattern obtained for slabs

VI. CONCLUSIONS

The research work conducted can be concluded with
the following remarks.

e The strengthening technique adopted in the
work was effective.

e The two types of wrapping techniques plus and
square configurations enhanced the load
carrying capacity of the strengthened slabs
than the plain slab model.

e There was a decrease in deflection of the
strengthened slabs in comparison with the
unstrengthened slab model.

e Slabs strengthened using Carbon FRP fabric
and Glass FRP fabric achieved the maximum
ultimate load compared to all the slab models,
however the performance of BasaltFRP fabric
and Polypropylene FRP fabric was also higher
than the plain slab model.
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