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Abstract

The objective of the present paper study is to explore application of nonlinear FE modelling and analysis of Reinforced Concrete
(RC) member and it’s retrofitting with FRP wrapping technique. For that RC beam and short column experimental dimension
considered as 230mm x 350mm x 750mm and 300mm x 300mm x 800mm respectively. Experimental of beam and short column
modelling and analysis using Finite Element software ABAQUS. The parameter was studied including the number of FRP layers
in experimental and ABAQUS considered. Beams and short columns wrapped using CFRP (Carbon Fiber Reinforced Polymer)
composites. To obtain results analytically and experimentally with and without wrapping technique.
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I. INTRODUCTION

During whole life span of all engineering structures ranging from residential buildings, an industrial to power station and bridges
faces degradation or deteriorations. The main causes for deterioration are environmental effects including corrosion of steel,
gradual loss of strength, variation in temperature, freeze-thaw cycles, repeated high intensity loading, contact with chemicals and
saline water and ultra-violet radiations. Earthquake effect is a major causes of deterioration of any structure. For this type of
problem needs to development of successful structural retrofit technologies. The structural retrofit problem has two ways of
solution one is repair/retrofit or second is demolition/reconstruction it means complete replacement of an existing structure.
Reconstruction is a cost-effective solution and it’s become an increasing financial burden, therefore repair/retrofitting is the best
solution to give a strengthening of existing structure. Many factors causes for strengthening of structure like concrete cracking,
corrosion of steel reinforcement, damages caused by seismic load, imperfect structural design, increase of applied load and other
factors.

Fiber Reinforced Polymer (FRP) can now be easily and effectively strengthened of a concrete members. FRP manufacturing
offers unique opportunity for the development of shapes and forms that would be difficult or impossible with the conventional
steel materials. FRP generally used in industrial fields like aerospace, marine and automotive industries due to their excellent
mechanical properties. FRP composites that are externally applied on RC structure member like beam, slab and column has seen
a worldwide increase for strengthening structures. Retrofitting of concrete structures with wrapping FRP sheets provide a more
economical, its high strength, low weight, corrosion resistance, high resistance, easy and rapid installation and minimal change in
structural geometry.

Il. LITERATURE REVIEW

A. Numerical modeling on behavior of reinforced concrete exterior beam-column joint retrofitte with externally bonded
fiber reinforced polymer (FRP)

S.vijaya, B.Shivakumaraswamy, Ravikiran K.V(2014)

Retrofitting of existing structures using Fiber reinforced polymer (FRP) technique. Different types of FRP sheets such as (CFRP)
Carbon Fiber Reinforced polymer, (GFRP) Glass Fiber Reinforced Polymer, (AFRP) Aramid Fiber Reinforced Polymer sheets to
strengthen the beam-column joint. In this paper study related to finite element modelling of RC exterior beam-column joint
retrofitted with externally bonded FRP is carried out in ANSYS 13.0. Experimental and analytical results are very close. Yield
load and ultimate load obtain. The yield load 5% and ultimate load 20.5% more analytical results obtained.
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#. Strengthening of RC columns by longitudinal CFRP sheets:Effect of strengthening Technique

Niloufar Moshiri, Ardalan Hosseini, Davood Mostofinejad

The effect of utilizing longitudinal carbon Fiber reinforced polymer (CFRP) as external compression reinforcement. RC column
strengthening behavior is investigated by experimental study. To do 10 RC column including 5 circular (150mm dia.) and 5
square (133mm dia.), length 500mm were casted and four different methods like externally bonded reinforcement(EBR), near
surface mounted (NSM), grooving method(GM), externally bonded reinforcement on grooves (EBROG), externally bonded
reinforcement in grooves Including(EBRIG). The specimen tested under monotonic uniaxial compression, different effects of the
strengthening techniques. An images-based deformed measurement techniques.14.1%, 18.5%, 2.6% EBROG, EBRIG and EBR
respectively increased compare to reference column.so, EBRIG is more efficient than other methods.

. Flexural strengthening of Reinforced concrete slab-column connection using CFRP sheets

Hazem A.EI-Enein, Hossein Azimi, Khaled Sennah, Faouzi Ghrib

Experimentally the effectiveness of application of carbon Fiber reinforced polymer (CFRP) sheet as a strengthening techniques
of a RC slab-column connection in one-way flat-slab system to flexural strength. Experimentally CFRP wrapping to the
discontinuous longitudinal CFRP sheets at column slab test were conducted on six flat slab-column connection and it’s divided
into two groups. First group included three control specimen with central eccentric and edge column, The second group was
geometrically identical to first group with CFRP sheet installed on the tension side of the slab for increase flexural capacity. The
experimental results increased flexural, ultimate load carrying capacity (33%, 37% and 67%) using CFRP sheets. Analyzed the
experimental results with Canadian standards for FRP design for buildings. Reduction in specimen ductility of about 20% for the
specimen with central column and 40% with edge column.

I11. METHODOLOGY &VALIDATION

A. General

A numerical simulation makes sense only if it corresponds to the real model. Therefore, a numerical model specimen with the
same properties of the experimental specimen was analyzed to verify its accuracy.

H. Pre-processing

The user constructs the model to be analyzed and its geometry divided into a humber of discrete sub regions, or elements,
connected at discrete points called nodes. Certain of these nodes will have fixed displacement and other loads assign.

. Analysis

Pre-processor is prepared data used as input to the finite element code it self. Which solves a system of linear or nonlinear
algebraic equation Kij*uj=fi, where u and f are the displacements and externally applied forces at the nodal points, the formation
of K matrix is dependent on the type of problem being attacked. Advantages of FEA’s principal is that many problem type can
be addressed with the same code, by specifying the appropriate element types.

2. Post-processing

The modern codes use graphical displays to assist in visualizing the results. This processor displays overlays coloured contours
representing stress level on the model.

E. Validation work

1) Numerical modeling of RC column in ABAQUS
The experimental data as per research paper (in literature review second paper) step by step procedure of RC column analysis
below:-
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Fig. 1: reinforcement details:-

PART:- Create individual parts

PROPERTY: - Create and assign material properties

ASSEMBLY: - Create and place all parts instances

STEP: - Define all analysis steps and the results want

LOAD: -Define and place all loads and boundary conditions

MESH: -Define nodes and element

JOB: - Submit job for analysis

VISUALIZATION: - View results.

F. Combined graph of research paper and software (Experimental v/s ABQUS)

EXPERIMENTAL (RESEARCH PAPER 2) RESULT | NUMERICAL (ABAQUS ) RESULT
Maximum load = 466KN Maximum load = 445KN

Experimental and numerical difference is 4.71%.
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Load vs Displacement Combined Curve of research

paper & Software

Research paper Results

ABAQUS result
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tx. Combined graph of research paper and software (Experimental v/s ABQUS) with CFRP

EXPERIMENTAL (RESEARCH PAPER 2) RESULT NUMERICAL (ABAQUS ) RESULT Experimental and numerical difference
Maximum load = 466KN Maximum load = 445KN 471 %
Maximum load = 489KN Maximum load = 467.24455KN 4.65 %

This experimental result increased by 4.93 % This ABAQUS result increased by 4.99 %

Combined Curve
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IV. EXPERIMENTAL WORK IN ABAQUS

A. For Beam
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& Discretization of beam results

WITHOUT FRP BEAM (EXPERIMENT IN ABAQUS)
BEAM 750*230*350mm | | |
mesh size (mm) 25 50 100
Displacement Load Displacement Load Displacement Load
0 0 0 0 0 0
0.008268 223.6992 0.223 273.955 0.02 55.5831
0.008524 223.8737 0.322 274.6097 0.04 98.53564
0.008596 157.301 0.368 273.955 0.2 613.8109
0.02 10.7331 0.38 274.4415 0.8 543.6493
0.41 274.1771 1.5 612.2681
2 613.8109
2.625 619.9447
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Without FRP Beam Combined Curve in ABAQUS

25mmM
50mm |
= 100 mm Mes

1.5

Displacement

For Short Column
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£2.  Discretization of column results

WITHOUT FRP SHORT COLUMN (EXPERIMENT IN ABAQUS)
COLUMN 800*300*300mm |
mesh size (mm) 25 50 100
Displacement(X) | Load (Y) | Displacement Load Displacement Load

0 0 0 0 0 0

0.4 928.9105 0.4 906.2875 0.174 545.8938
1.2 1823.422 1.2 1914.564 0.348 933.8305
2 1950.35 2 2024.109 1.03 1815.374

2.8 1993.888 2.8 1985.11 2.3584 1928.549

Without FRP Column Combined Curve in ABAQUS

25 mm Meshing size
1000 . s :
50 mm Meshing size

500 — 100 mm Mes

Displacement
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