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Abstract: The study of deflection characteristics of externally reinforced plain cement concrete (PCC) beams using ANSYS
represents a crucial exploration in civil engineering. This research examines the ultimate behaviour of PCC beams improved
with external reinforcement, focusing on their deflection properties under different loading conditions. After identifying the gaps
of the literature review, the different objectives have decided such as study of PCC beam, selecting the deflection parameter,
using FEM modelling to check the behaviour, application of steel plate type retrofitting method over different faces of member,
under different thickness of retrofitted steel plates with different grades of concrete.

This study has distributed under two findings. In former one, the application of with and without usage of bonding steel plate
and in latter, the comparison in terms of thickness change criteria is selected. After simulation the results have drawn and the
conclusions have compared.

After comparing different cases with each other, the study shows that the PCC beam will perform better using different thickness
of external reinforcement of steel plates type retrofitting in combination with different grades, simultaneously deflection reduced
accordingly under the application of load.
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L. INTRODUCTION
In the field of civil engineering, the retrofitting of existing structures is considered a crucial practice aimed at enhancing the load-
carrying capacity, durability, and overall performance of buildings and infrastructure. Among the various retrofitting techniques
available, the steel plate bonding method is recognized as a highly effective and versatile approach.
This method involves the application of steel plates to the surface of structural elements, such as beams, columns, and slabs, to
improve their mechanical properties and extend their service life. Increased durability is achieved through the application of external
reinforcement, especially in cases where PCC beams are utilized.

1. APPLICATION OF EXTERNAL REINFORCEMENT

The use of steel plates as external reinforcement enhances structural capacity and extends the life of buildings by bonding or bolting
them to beams, columns, and slabs. This method increases load-bearing capacity, flexural, and shear strength, providing a quick and
effective solution with minimal disruption. Properly coated steel plates offer excellent corrosion resistance and are cost-effective
compared to structural replacement.

They can be custom-fabricated for various shapes and sizes, improving performance, especially in seismic regions. Additionally,
steel plates preserve the aesthetics of historical buildings while significantly enhancing their structural integrity. The fig. 1 below
shows the application of steel plate as retrofitting to beam member.
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Fig: 1: Application of steel plate as external reinforcement to PCC beam member

1. RESEARCH OBJECTIVES

Taking into account the outlined problem statement to propose a new research work that provides the solution to the selected

problem statement, the need and identification of the research gap has achieved. Following are the selected objectives:

1) Tostudy a Precast Cement Concrete beam member and its behavior by selecting the deflection parameter.

2) To check the internal and external behavior of flexural member, the member selected with a fixed dimension in analysis
software ANSYS, using a Finite Analysis Modeling with selected boundary conditions.

3) To study the same beam member by using the application of steel plate type retrofitting method over different faces of member
so that comparative analysis conducted.

4) Retrofitting of a beam in service aims to achieve better flexure capacity. This study extended to determine the response of
behaviour of flexure member under different thickness of retrofitted steel plates.

5) The stiffness of the member plays an important role in analyzing the behavior under loading. This study can be extended for the
determination of behaviour of flexure member made up of different concrete grades.

This study has distributed into three findings under head Study I and Study 11

1) Study I: Application of with and without usage of bonding steel plate

In this part, the comparison of the deflection behavior under different loads on PCC member with and without using bonding steel
plate application over different faces has selected.

2) Study II: Comparison in terms of thickness change criteria
In this part, the thickness of steel bonding plate is also in varying form, hence in this part the thickness change criteria has selected
and determination of deflection behavior by variation of changing the thickness.

V. PROCEDURE AND 3D MODELLING OF THE STRUCTURE
Comprehensive input data and its descriptions about the model given below. The input data used for creation of PCC beam and
external reinforcement made up of steel are shown below:-
Table 1: General data used

Constraint Data used for all model cases
Cross section of beam 200mm x 300mm
Span of beam 3000mm

E = 5000 x (Fck)"®

Modulus of elasticity For M20 = 22360.679 N/sg. mm
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For M25 = 25000 N/sg. mm

For M30 = 27386.127 N/sg. mm

For M35 =29580.398 N/sg. mm
M20 - 0.15-0.20
Poisson’s ratio M25 - 0.18-0.22
M30 - 0.20-0.25
M35 - 0.22-0.28

FEM mesh size 20mm x 20mm
Bonding steel plate thickness 3mm, 6mm and 9mm
Bonding steel plate grade Fe 250 grade

Modulus of elasticity E = 200,000 MPa

Table 2: Loading data used

Constraint Data used for all model cases
Self-weight

Point load of 100KN

Point load of 200KN

Point load of 300KN

Point load of 400KN

Point load of 500KN

Dead load

Table 3: Various cases used for comparative analysis

Models framed for analysis Abbreviation
Simply supported PCC beam without using bonding steel plate SB
Simply supported PCC beam using bonding steel plate of 3mm thickness at base SB-3B
Simply supported PCC beam using bonding steel plate of 6mm thickness at base SB-6B
Simply supported PCC beam using bonding steel plate of 9mm thickness at base SB-9B
Simply supported PCC beam using bonding steel plate of 3mm thickness at two side SB-3S
faces
Simply supported PCC beam using bonding steel plate of 6mm thickness at two side SB-6S
faces
Simply supported PCC beam using bonding steel plate of 9mm thickness at two side SB-9S
faces
Simply supported PCC beam using bonding steel plate of 3mm thickness at base and SB-3BS
two side faces
Simply supported PCC beam using bonding steel plate of 6mm thickness at base and SB-6BS
two side faces
Simply supported PCC beam using bonding steel plate of 9mm thickness at base and SB-9BS
two side faces
Simply supported PCC beam using bonding steel plate of 3mm thickness at base,
. SB-3BST
two side faces and top face
Simply supported PCC beam using bonding steel plate of 6mm thickness at base,
. SB-6BST
two side faces and top face
Simply supported PCC beam using bonding steel plate of 9mm thickness at base, SB-9BST

two side faces and top face

Note: here,
SB = Simply supported PCC beam
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3B/6B/9B = provided Bonding Steel Plate of 3mm/6mm/9mm thickness at base

3S/6S/9S = provided Bonding Steel Plate of 3mm/6mm/9mm thickness at two side faces

3BS/6BS/9BS = provided Bonding Steel Plate of 3mm/6mm/9mm thickness at both base and at two side faces
3BST/6BST/9BST = provided Bonding Steel Plate of 3mm/6mm/9mm thickness at base, at two side faces and top face

300 mm

Y

—>
200 mm

Fig. 2: Cross section of simply supported PCC beam without using bonding steel plate (SB)

0.00 500.00 1000.00 (mm)
I
250,00 750,00

200 mm
Fig. 4: Cross section of simply supported PCC beam using bonding steel plate of 3mm/6mm/9mm
thickness at base (SB-3B/6B/9B)
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Using bonding steel plate
at base (SB-3B/6B/9B)
of thickness 3mm/6mm/9mm
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Fig. 5: Deformed view of simply supported PCC beam using bonding steel plate of 3mm/6mm/9mm
thickness at base (SB-3B/6B/9B)
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Fig. 6:[1Cross section of simply supported PCC beam using bonding steel plate of 3mm/6mm/9mm
thickness at two side faces (SB-3S/6S/9S)
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Fig. 7: Deformed view of simply supported PCC beam using bonding steel plate of 3mm/6mm/9mm
thickness at two side faces (SB-3S/6S/9S)
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Fig. 8: Cross section of simply supported PCC beam using bonding steel plate of 3mm/6mm/9mm
thickness at base and two side faces (SB-3BS/6BS/9BS)
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of thickness 3mm/6mm/9mm
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Fig. 9: Deformed view of simply supported PCC beam using bonding steel plate of 3mm/6mm/9mm
thickness at base and two side faces (SB-3BS/6BS/9BS)
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Fig.10: Cross section of simply supported PCC beam using bonding steel plate of 3mm/6mm/9mm
thickness at base, two side faces and top face (SB-3BST/6BST/9BST)
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Using bonding steel plate
at base, two side faces and top face
(SB-3BST/6BST/9BST)
of thickness 3mm/6myy/9mm ton
I
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Fig. 11: Deformed view of simply supported PCC beam using bonding steel plate of 3mm/6mm/9mm
thickness at base, two side faces and top face (SB-3BST/6BST/9BST)

V. RESULTS ANALYSIS
Comparative results as per different objectives decided are shown in the form of figures 12 to 16 below:-

1) Study I: Application of with and without usage of bonding steel plate

DEFLECTION COMPARISON

140

120

100 26.69%
— Reduction 34.92%
5 % Reduction
= 48.46%
2 Reduction
& 60 58.52%
& Reduction

40

20

0
SB SB-3B SB-38 SB-3BS SB-3BST
Cases

= 100KN m200KN H300KN m400KN m 500KN

Fig. 12: Deflection comparison for Study |
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2) Study II: Comparison in terms of thickness change criteria

DEFLECTION COMPARISON
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[£2]
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=)

e
L=

(]
=
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Fig. 13: Deflection comparison using bonding steel plate of 3mm, 6mm, 9mm thickness at base
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Fig. 14: Deflection comparison using bonding steel plate of 3mm, 6mm, 9Imm thickness at two side faces
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Fig. 15: Deflection comparison using bonding steel plate of 3mm, 6mm, 9mm thickness at base and two side faces
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Fig. 16: Deflection comparison using bonding steel plate of 3mm, 6mm, 9mm thickness at base, two side faces and top face
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VI. CONCLUSIONS

A conclusion for comparison of distinct cases involves different models simulation and comparative results have drawn that has

provided below with recommendations separately:-

1) Conclusions for comparison based on application of with and without usage of bonding steel plate-Study |

e On comparing maximum deflection values, fixing the loading values from 100 KN to 500 KN, concrete grade M20 and 3mm
bonding steel plate as constants, for different cases, the deflection values reduced by 26.69 % when using bonding steel plate at
base.

e 34.92 % reduction has observed when using bonding steel plate at two side faces.

e The maximum deflection values reduced by 48.46 % when using bonding steel plate at base and two side faces.

e By using the bonding steel plates at base, two side faces and top face, the maximum deflection reduced by 58.52 % which is
more reduction as compared to all the cases.

This part of the project concluded that the usage of bonding steel plate type retrofitting is more effective for reducing the deflection

values. The reduction of deflection is more when covering maximum faces of the beam.

2) Conclusions for comparison based on thickness change criteria-Study I1

e On comparing maximum deflection values, fixing the loading values from 100 KN to 500 KN, concrete grade M20 and using
3mm, 6mm and 9mm bonding steel plate as constants, for different cases, the deflection values reduced by 26.69 % for 3mm,
40.02 % for 6mm and 48.17 % for 9mm when using bonding steel plate at base.

e 34.92 % reduction has observed for 3mm, 51.68 % for 6mm and 61.55 % for 9mm when using bonding steel plate at two side
faces.

e The maximum deflection values reduced by 48.45 % for 3mm, 65.57 % for 6mm and 74.46 % for 9mm when using bonding
steel plate at base and two side faces.

e By using the bonding steel plates at base, two side faces and top face, the maximum deflection reduced by 58.52 % for 3mm,
74.74 % for 6mm and 82.34 % for 9mm which is more reduction as compared to all the cases.

This part of the project concluded that the usage of bonding steel plate type retrofitting is more effective for reducing the deflection

values. The reduction of deflection is more when covering maximum faces of the beam with increase of thickness of steel plate.

Application of the complete conclusion is that when designing a beam with reinforcement and section dimension is less, to bear that

part of the structure, then we use bonding steel type retrofitting. Also, if the section has passed the strength criteria but the

serviceability criterion fails, the member locally can be retrofitted with bonding steel plate type so that the serviceability issues can

be fulfilled.
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