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1 Introduction

Abstract: One of the major challenges and contemporary
research in the field of structural engineering is strengthening of existing structural elements using readily available materials in the market. Several investigations were
conducted on strengthening of various structural components using traditional and advanced materials. Many researchers tried to enhance the reinforced concrete (RC)
beams strength using steel plate, Glass and Carbon Fibre Reinforced Polymers (GFRP & CFRP). For the reason
that high weight to the strength ratio and compatibility
in strength between FRP composites and steel bars, steel
plates and GFRP and CFRP composites are not used for
strengthening works practically. Hence, in this present
work the suitability of using wire mesh for the purpose of
strengthening the RC flexural members is studied by conducting experimental works. New technique of strengthening system using wire mesh with a view to improve sectional properties and subsequently flexural strength of RC
beams is adopted in this work. The results for experimental and theoretical analysis were compared and found that
good correlation exists between them. The experimental
results indicate that RC beams strengthened with steel
wire mesh are easy technique for strengthening of existing
flexural members.

Economic growth of any country is mainly depends on
buildings, transportation facilities and other infrastructures developments. Though the buildings are designed to
meet the criteria of expected life span structural components may fail due to many reasons. Improper design and
environmental conditions are the major reasons for failure. Failure of structures can be avoided by analyzing the
lack of load carrying capacity in the initial stage and adopting proper strengthening technique.
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1.1 Advantages of using steel mesh
Strengthening of flexural members using external wrapping system using steel plate and FRP composites is a contemporary research work. Compatibility between steel and
concrete is good and hence steel plate is used for strengthening works. At the same time weight to the strength ratio for steel plate is high when it is used for strengthening works. Another disadvantage for using steel plate is
strength of the plate may reduce due to corrosion since it
is used for external strengthening works.
FRP composites are having excellent properties such
as strength to the weight ratio is high and corrosion resistance [1]. However compatibility between concrete and
FRP composites are different and additional material is required to attach FRP composites with the concrete surface.
Epoxy resin is mostly used as adhesive for structural members strengthened with FRP composites. Aramid, GFRP
and CFRP are various FRP composites used for strengthening works [2]. Epoxy resin is weak in resisting high temperature hence authors Heshmi & Al-Mahaidi [3] has done
research work using cement based adhesives.
To overcome the disadvantages of using steel plate
and FRP, in this research work RC beams are strengthened
with wire mesh and the meshes are attached with concrete
with cement mortar. Also the mild steel meshes are covered with cement mortar. Owing to the following advantages steel meshes are used for strengthening of RC beams.
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Table 1: Beam & Ferro cement/FRP laminate dimensions, strengthening techniques adopted and summary of test results.

Type of work
Type of wire mesh
used for
strengthening works

Size and number of
beam
Type of
resin/attached
technique

Experimental test
and theoretical
analysis

Review of Literature
Carbon wire mesh (2.4 mm diameter) with polymer
overlay [4]
Ferro mesh of size 125×18 mm of 700 & 850 mm length
and 2 & 3 layers [5]
Epoxy resin (Araldite GY 257) and hardener (Aradur 140)
[7]
Seven beams having size of 150×150×750 mm [4]
Nine RC beams cast with size 150×200×1650 mm [5]
Isophthalic Polymer [4]
Nail and mortar [5]
Epoxy resin (Araldite GY 257) and hardener (Aradur 140)
[7]
Cement based adhesives [3]
First crack lad, yield load, deflection at centre [4]
Failure load, stiffness, ductility ratio [5]
Failure load, mode of failure, load deflection behaviour &
Response Surface Methodology using MATLAB was used
for numerical analysis [7]

1. Compatibility between the RC beam and the meshes
are perfectly coordinated.
2. Resins are not used for attaching meshes to the RC
beam hence delamination failure due to high temperature is unconcern.
3. Strength to the mesh weight is high when compared
with steel plate.
4. Mesh is covered with cement paste hence the chance
for occurring corrosion is minimized.
5. Steel mesh is attached with the concrete with a simple manner.
6. Theoretical computation for load carrying capacity
of RC beams strengthened with steel mesh is easy.
This paper includes the experimental study and theoretical analysis on flexural strengthening of RC beams using steel mesh.

2 Literature Review
Thus far many researches adopted many techniques for
strengthening RC beams using steel plates, FRP composites and wire meshes are evaluated critically and discussed
in this session. Table 1 shows the details of literature review which includes description of works.
Table 1 shows the size of beam, types and dimensions of FRP/steel plate used and techniques adopted for

Present Research work
2 mm diameter wire with 25 mm
square mesh

100×150×750 mm size beam
Cement paste and clips were used

Mode of failure, Ultimate load,
Load-deflection behavior were
studied
Theoretical analysis were done
based on BS 8110

strengthening works and test results done by various researchers.
Authors Saranya M and Periasamy L (2015) have used
carbon wire mesh with 2.4 mm diameter bars for strengthening RC beams with three different orientations such as
0∘ , 45∘ and 60∘ [4]. Khan S. U. et al. (2013) have done
strengthening of RC beams in flexure using two and three
layers of Ferro-cement [5].
Mohana R. (2013) have done experimental work on
Geopolymer ferro-cement panels under flexural loading
and Geopolymer specimens are tested for compressive
strength, load deflection cracking behavior for different
molar concentrations, and different thicknesses [6].
Aravind N. et al. (2015) have done experimental study
on RC beams strengthened with corrugated GFRP laminates using epoxy resin [7]. Author Murali G (2012) has
done experimental investigation on concrete mixed with
fibre using waste materials [8]. Heshmi & Al-Mahaidi,
(2012) have done a research work on reinforced concrete
beams strengthened with CFRP textile and fabrics using
cement based adhesives at high temperature [3]. Most of
the researchers used epoxy resins for strengthening flexural members with FRP sheets/laminates [1]. In this work
clips were used to attach the steel mesh with the soffit of
the RC beam and mortar is used to fill the cover portion
and protect steel mesh.
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3 Experimental Methodology
The experimental setup and test procedures are presented
and the results of the experiments are noted. The main
scope of this work is to investigate the effectiveness of using steel mesh for increasing flexural strength of RC beam.
The beams are tested to determine the load carrying capacity and the center deflection of the beams with and without steel mesh retrofitting. Before casting and testing of RC
beams preliminary tests were conducted to determine the
material properties.
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Table 3: Mix ratio used for beams casting.

Water

Cement

179 kg/m3
0.45

394 kg/m3
1

Fine
aggregate
799.7 kg/m3
2.03

Coarse
aggregate
982 kg/m3
2.492

3.1 Tests on Fine and Coarse aggregate
Sieve analysis and specific gravity for fine and coarse aggregates were conducted in the laboratory based on British
standards [9] and the results are shown in Table 2.
Sieve analysis results show that the fineness moduli
of fine and coarse aggregate are 5.77 and 7.89 respectively.
Based on the sieve analysis results grain size distribution
graphs were plotted and it shows that the distribution for
fine and coarse aggregate were well and uniform graded
respectively. Also specific gravity tests for fine and coarse
aggregate were conducted in the laboratory and the results
shows that the values are 2.68 and 2.76 for fine and coarse
aggregates respectively.
Table 2: Sieve analysis.

Type of material
Fineness
modulus
Grain size
distribution
Specific gravity

Fine aggregate
(FA)
5.77

Coarse
aggregate (CA)
7.89

Well graded

Uniform graded

2.68

2.76

3.2 Mix ratio
For experimental work C30 grade concrete was used and
the mix ratio by weight for concrete ingredients such as
Cement, FA, CA are 1, 2.03, 2.492 respectively calculated
based on BS code [10] as shown in Table 3. Water binder
ratio 0.45 was considered for experimental work.

Figure 1: Slump test.

3.3 Concrete ingredients
Experimental works were carried out using various materials such as cement, fine aggregate, coarse aggregate, water. Steel bars and steel mesh. In this project work the type
of cement used was Ordinary Portland Cement (OPC). This
type of cement is suitable for construction work under normal environment condition and has good properties like
impermeability, durability and chemical resistance. The
coarse aggregate was crushed granite stone available locally and has a maximum size of 20 mm according to code.
Grinded stone with maximum size of 5 mm was used as
fine aggregate. Fine aggregate used for concrete was free
from salt and other chemicals. Normal water which is fit
for drinking was used for concrete work.

3.4 Workability and cube compressive
strength tests
During casting slump tests were conducted to measure the
workability of fresh concrete as shown in figure 1. Also
three cubes were cast to determine the 28 days compressive strength of concrete as shown in figure 2.

3.5 Specimen Preparation
The mixing of cement, fine aggregate, coarse aggregate
and water was done through a mixer machine. Figure 3
shows the reinforcement gage kept in steel mould for casting. For RC beam, 2 Nos. of 8 mm and 2 Nos. of 6 mm di-
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Figure 4: Cross section of normal and retrofitted beam.

Figure 2: Cube casting.

Figure 5: Beam casting.

Figure 3: Reinforcement cage.

ameter bars are provided at top and bottom of beam respectively. Also shear reinforcement of 6 mm diameter provided at 110 mm c/c. Beam dimensions 100 × 150 × 750 mm
were considered for experimental work. Figure 4 shows the
reinforcement details of RC beam used for retrofitting purpose.
In total four beams were cast and figure 5 shows beam
casting process in the laboratory. While casting the beams
needle vibrator was used to compact the beam.
After 24 hours of casting beams were removed from
mould and kept in water for curing. After 28 days curing
beams were taken out from water and kept in room temperature for 24 hours for drying as shown in figure 6. After drying two beams were strengthened with steel mesh with the
help of nails as shown in figure 7. The mesh is connected

Figure 6: Beams after curing.

with the beams by drilling 6mm MS rods to avoid delamination. Three rods per beam were used for attaching the
mesh with concrete beam. After fixing the nails along with
mesh, cement mortar with a ratio 1:2 was used to cover the
mesh with the RC beam as shown in figure 8. Steel mesh

An Experimental Study on Strengthening of RC beams using Steel Wire Mesh
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Figure 10: Test setup.
Figure 7: Beam strengthened with steel mesh.

Figure 11: Load setup.

Figure 8: Mortar application over mesh.

Figure 12: Crack pattern of retrofitted beam.

Figure 9: Retrofitted beams.

is placed at a gap of 10 mm from the soffit of the concrete
beam. Cement mortal acts as a cover for steel mesh and
it protects the mesh from the environment. After finishing
the surface of retrofitted beams as shown in figure 9, the
specimens were cured using gunny bags and water.

Knife edge supports were provided for beams with
a span of 600 mm c/c. Four point bending system was
adopted for beam testing since the beams were subjected
to pure bending. Figure 11 shows the load setup for a RC
beam and load was applied at uniform rate and crack patterns were noted. Figure 12 & 13 show the crack pattern and
failure pattern of retrofitted beam respectively.

3.6 Test setup

4 Results and discussions

Figure 10 shows the schematic diagram of test setup. Two
point loads were applied at 200 mm c/c on all the beams
using 100 T Universal Testing Machine (UTM).

Slump tests for fresh concrete was conducted and the results shows that the value of slump is 15 mm. Compressive strength test on cubes were conducted and the average
28 days compressive strength is 30.64 MPa.
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Table 4: Experimental test results of RC beam.

Type of specimen
Specimen 1
Control beam
Specimen 2
RC beam retrofitted
Specimen 1
with steel mesh
Specimen 2

Load at failure, P (kN)
60.75
56.30
70.59
67.88

Type of failure
Flexure
Flexure
Flexure
Flexure

Average Load at failure, P (kN)
58.53
69.24

Table 5: Comparision between experimental and theoretical values.

Type of specimen
Control beam
RC beam retrofitted with steel
mesh

Load at failure, P (kN)
Experimental
Theoretical
58.53
50.80
69.24
55.92

Figure 13: Failure pattern of retrofitted specimen.

Percentage difference
7.73%
23.82%

Four beams were cast and tested to determine the effectiveness of using steel mesh for retrofitting RC beams.
The details of experimental results of RC beams with and
without steel mesh are enumerated in Table 4.
The following inferences are made based on flexural
strength test results of RC beam with and without steel
mesh.
Based on the experiments, failure load of beam
strengthened with steel mesh was increased by 18.30%
when compared to the control beam. Also all the beams
failed by flexure and it shows that the technique adopted
for retrofitting the beams using steel mesh is performing
well. The retrofitted beams were not failed due to delamination and it shows that the technique adopted for attaching the mesh with the beam using nails and cement mortar
acts effectively.

5 Theoretical analysis

Figure 14: Load carrying capacity for control and beam retrofitted
with steel mesh.

Load carrying capacities of RC beam with and without
steel mesh were calculated using BS code [11] and the theoretical analysis results were compared with experimental
results.
For theoretical analysis beams were considered as
singly reinforced beam and based on width, effective
depth, area of steel provided at tension zone load carrying
capacity of beams were determined. For this work, 2 mm
diameter wire with 25 mm square mesh was used. Moment
carrying capacities of beam with and without mesh were
determined based on chart provided in BS code. From the
moment load carrying capacity of beams were determined.
Based on theoretical analysis the load carrying capacity of
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retrofitted beam was increased by 5.12 kN when compared
with control beam.
Experimental load carrying capacities were compared
with theoretical values as shown in figure 14.
A comparative study reveals that the theoretical results are close agreement with experimental results.

6 Conclusions
Based on the results obtained from the experiments and
theoretical studies, the following conclusions are drawn:
1. The experimental results confirm that the strengthening using steel mesh bonded to the tension face
performs well and satisfactorily enhance the load
carrying capacity of RC beams. However, the efficiency of load carrying capacity varies depending
upon the various parameters viz., grade of concrete,
tensile strength of mesh and mesh dimensions.
2. Based on the experiments, failure load of beam
strengthened with steel mesh was increased by
18.30% when compared to the control beam.
3. Also all the beams failed by flexure and it shows that
the technique adopted for retrofitting the beams using steel mesh is performing well.
4. The retrofitted beams were not failed due to delamination and it shows that the technique adopted for
attaching the mesh with the beam using nails and
cement mortar acts effectively.
5. Based on theoretical analysis the load carrying capacity of retrofitted beam was increased by 5.12 kN
when compared with control beam.
6. Theoretical analysis was carried out based on BS
code to predict the load carrying capacity of beams
retrofitted with steel mesh in similar conditions and
verified with experimental results.
7. Failure load for control and retrofitted beams based
on section analysis has fairly close agreement with
the experimental results.
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