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I. GENERAL INTRODUCTION 
 
 
 

 
I. INTRODUCTION 

 
There are Reinforced Concrete (RC) elements which 
are subjected to the combined action of flexure and 
torsion. Edge beams of shell roof, Peripheral beams 
on the floors of a multi-storied building, helical 
staircases, ring beams at the bottom of circular tanks, 
are typical examples of the above case. Torsion 
usually occurs as a secondary effect of bending or 
shear.  
Retrofitting is defined as the strengthening and 
enhancement of the performance of deficient 
structural elements in a structure [1]. The need for 
retrofitting of reinforced concrete elements can 
occur due to design errors, damages due to 
earthquake, fire, explosions, and situations involving 
changes in the functionality of the structure. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Various materials used for retrofitting are Grouts, 
Bonding Agents, Replacement, and Jacketing. 
Among these methods, jacketing or wrapping 
technology is considered to be an efficient method. 
Jacketing is a method of retrofitting in which the 
concrete sections are enlarged. 
Ferrocement, one of the efficient and cost-effective 
material for jacketing, is a composite material which 
consists of rich cement mortar matrix uniformly 
reinforced with one or more layers of very thin wire 
mesh with or without supporting skeletal steel. 
American Concrete Institute (ACI) Committee 549 has 
defined ferrocement in a broader sense as “a type of 
thin-wall reinforced concrete commonly constructed 
of hydraulic cement mortar, reinforced with closely 
spaced layers of continuous and relatively small 
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diameter mesh” [2]. The mesh may be metallic or 
non-metallic. Ferrocement possesses a higher degree 
of toughness, ductility, durability, strength, and crack 
resistance than other forms of concrete construction, 
with a thickness generally less than 25 mm, a 
dimension that is nearly unthinkable in other forms 
of construction. 
Dhanoa et al. [3] investigated the behavior of two 
types of ferrocement retrofitted beams; one is 
stressed to 70% of the failure load, and the other is 
overloaded beams, which not stressed. Results 
indicate that the increase in ultimate load was about 
70% in the overloading case and 45% in the stressed 
beam case. Also, there was a reduction in rotation 
and deflection. Results imply that the strengthening 
of RC beams using ferrocement is practicable and 
has considerable advantages. 
An experiment was conducted to study the effect of 
wire mesh orientation on the strength of stressed 
beams retrofitted with ferrocement jackets by Gurbir 
and Kamaldeep [4]. It is observed that the load-
carrying capacity and energy absorption increases for 
all orientations. Orientation at 45 degrees shows a 
higher percentage increase in energy absorption 
followed by 60 and 0 degrees, respectively. 
Experiment by Patil et al. [5] investigated 
ferrocement retrofitted RC beams to strengthen 
beams in both shear and flexure, which are initially 
stressed to a prefixed percentage of the safe load. It 
is observed that the safe load carrying capacity of 
rectangular RC elements significantly increased with 
chicken mesh used for retrofitting. An experimental 
study by Jariwala et al. [6] observes the improvement 
in the torsional resistance of reinforced concrete 
beams using FRP.  
Behera et al. [7] studied the improvement in the twist 
of U wrapped rectangular concrete members 
subjected to torsional loads. The results indicated 
that under reinforced and transversely over 
reinforced beams twists more than other states of 
torsion. Also, U wrapped beams exhibit more 
rotational capacity than unwrapped beams. 
The behavior of RC beams retrofitted by ferrocement 
to increase the strength of beams in both shear and 
flexure is studied by Makki [8]. Results concluded 
that the ferrocement system could increase the 
ultimate load. It also indicated that the effect of the 
diameter of ferrocement wire mesh on the ultimate 
strength of R.C. beams would have an increasing 
relation. The experimental program by Behera et al. 
[9] consisting of casting and testing of beams with 
ferrocement U wrap was conducted to study the 

effect of aspect ratio (ratio of depth to breadth),  
constituent materials of ferrocement (viz., number of 
mesh layers, yield strength of mesh layers and 
compressive strength of mortar) and concrete 
strength on ultimate torsional strength and twist. The 
results recount that wrapping on three sides 
enhances the ultimate torque and twist.  
A numerical study using FEM by ANSYS for beam 
subjected to combined bending and torsion is done 
by Santhakumar et al. [10]. The stimulated 
retrofitting using CFRP was compared initially with 
formal experimental beams tested under the same 
type of loading and then compared with retrofitted 
beams. The effect of wire mesh orientation on the 
strength of stressed beams retrofitted with 
ferrocement jackets has been studied in a paper by 
Bansal et al. [11]. The results showed that the load-
carrying capacity for ferrocement retrofitted beams 
wrapped at 0, 45, 60-degree angle with the 
longitudinal axis of the beam varies between 45-53 
percent. Energy absorption increases for all 
orientations. 
The degradation of the ultimate load-carrying 
capacity of the flexural members due to corrosion 
was studied by S Jayasree et al. [12]. Studies 
indicated that ferrocement wrapping increases 
ultimate strength, load-carrying capacity, and 
ultimate torque and twist. The orientation and 
diameter of wire mesh affect energy absorption and 
strength. 
An outline of earlier work on torsion in reinforced 
concrete is given by cowan et al. [13]. The results of a 
theory for the torsional strength of reinforced-
concrete beams, both in the elastic range and at 
failure, are stated. The machine developed by the 
authors to test full-size sections in combined 
bending and torsion is described. The results show 
that the addition of bending increases the torsional 
strength of a section. There is a distinct difference 
between primary torsion and primary bending 
failure. The theory of elastic breakdown combining 
the maximum principal stress criterion of Rankine 
and the internal friction criterion of Coulomb is 
advanced; this is in close agreement with the 
experimental results. A space model illustrates the 
theory. An attempt has been made by Arvind et al. 
[14] to study the behavior of reinforced concrete 
beam loaded under combined bending and torsion 
with and without glass fiber. It reveals the effect of 
the increase of fiber percentage on torsional 
resistance and torque versus twist relation of the 
beams.  
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The main objective of the present work is to 
investigate the effect of retrofitting by ferrocement 
jacketing using chicken mesh and welded mesh in 
different orientations of wrapping. 
 

II. Experimental Programme 
 
The combined effect of the Flexural and Torsional 
Behaviour of RC Beams was investigated by Adheena 
et al. [15]. The present investigation is the 
continuation of their work.   
 
Material Properties and Mix Proportion 
 
The specimens are made up of M25grade concrete. 
Ordinary Portland cement of 53 grade [16], crushed 
stones of 20 mm coarse aggregate [17], 
manufactured sand passing through the sieve of size 
4.75mm, and confirming to zone I of IS 383 [18] as 
fine aggregates were used. The mix design was done 
as per IS 10262-2009 [19] to obtain an M25 grade 
concrete. The mix proportion obtained was   1: 1.57: 
2.36. 
 
Specimen Details 
 
Six RC beams were cast for the study. For testing, the 
loading frame is fabricated with special support 
conditions. For the study, the beam is designed as an 
under reinforced beam to fail in flexure according to 
the limit state method IS 456: 2000 [20]. The cross-
section of the beam is 230 mm × 300 mm, and the 
length of the beam is 2000mm. The reinforcement 
consists of 2 numbers of 16 mm diameter bars in 
tension zone and 2 numbers of 10 mm diameter bars 
in the compression zone, and stirrups of 8 mm 
diameter are placed at a spacing of 200 mm center 
to center. The reinforcement detail is shown in 
Figure1.  

 
Figure 1: Longitudinal and Cross-Sectional 

Reinforcement Details of the Beam. 

Test Setup and Instrumentation 
 
To test beams under the combined action of torsion 
and bending, the loading frame of 50-tonne capacity 
is specially fabricated. Figure 2 shows the test setup, 
which indicates the biaxial roller support, which is 
provided to allow rotation in both directions and 
lever arms (0.3m length), attached to the specimen 
to give a torsional moment. Pure torsion occurs 
when the lever arm position coincides with support. 
Combined torsion and bending is obtained when the 
lever arm is kept away from both the support [15]. To 
apply a different combination of torsion and bending 
moment, the length of the lever arm and position of 
the lever arm can be adjusted [12]. Two dial gauges 
having least count 0.001mm are used. One of them is 
placed at the center to measure central 
displacement, and the other is placed at the top 
corner to measure lateral displacement. To measure 
the strain of concrete and ferrocement, mechanical 
strain gauges are used. The lever arm is placed at a 
distance of 330 mm from the center for achieving 
bending along with torsion. A spreader beam, resting 
on the ends of the lever arm, is used to transfer the 
load from hydraulic jack to the specimen. So, load at 
the end of each lever arm is equal to half of the 
applied load. As the load at the end of the lever arm 
is away from the longitudinal axis of the beam and 
away from the support of the specimen, it will give 
rise to combined bending and torsion [15]. 
 

 
Figure 2: Test Setup [15]. 

 
Retrofitting of Beams 
 
Ferrocement meshes with different configurations 
are applied to six beams. Different configurations 
applied are U wrapping of welded mesh, U wrapping 
of chicken mesh, wrapping of welded mesh on two 
sides, wrapping of chicken mesh on two sides, 
wrapping of welded mesh on compression side alone 
and wrapping of chicken mesh on compression side 
alone. Figure 3 shows the different wrapping 
patterns, and table 1 shows the specimen details. The 
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wrapped specimen is grouted to get a bond between 
the beam and the ferrocement wire mesh. After 
curing, the retrofitted specimen was again subjected 
to testing under the combined action of flexure and 
torsion. 
 

  
 

  
 

Figure 3: Ferrocement orientations. 
 

Table -1: Specimen Details 
No Specimen Designation 
1 Normal Reinforced Concrete 

Beam 
NRCB 

2 Beam with Ferrocement U 
Wrapping using Chicken Mesh 

BFUC 

3 Beam with Ferrocement U 
Wrapping using Welded Mesh 

BFUW 

4 Beam with Ferrocement  
Wrapping on Two Sides using 
Chicken Mesh 

BF2C 

5 Beam with Ferrocement  
Wrapping on Two Sides using 
Welded Mesh 

BF2W 

6 Beam with Ferrocement  
Wrapping on Compression 
Side using Chicken Mesh 

BFCC 

7 Beam with Ferrocement  
Wrapping on Compression 
Side using Chicken Mesh 

BFCW 

 
III. RESULTS AND DISCUSSIONS 

 
Load Deflection Characteristics 
 
It was observed that all retrofitted beams possess 
less deflection compared to the control specimen. 
BFUW shows the least deflection than all other types 
of wrapping. Also, BNF and BFCC are comparable. 
Figures 4 and 5 show the load-deflection 
characteristics of chicken mesh and welded mesh, 
respectively. 

 
Figure 4: Load - Deflection Characteristics of Chicken 

Mesh. 

 
Figure 5: Load - Deflection Characteristics of Welded 

Mesh. 
 
Energy Absorption Capacity 
 
Energy absorption can be calculated as the area 
under the curve in the load-deflection diagram. 
Energy absorption until the first crack load was taken 
for the study. A comparative chart of energy 
absorption of all the beams is shown in figure 6.  
The study indicates that energy absorption increases 
for all types of retrofitted beams, and it also indicates 
that welded mesh shows more energy absorption in 
the case of retrofitting by U wrap and retrofitting on 
two sides. The energy absorption is comparable to 
the beams BFCC and BFCW. The percentage variation 
ranges from 1.36% (for BFCC) to13.4% (for BFUW) 
when compared with BNF. 
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Figure 6: Energy Absorption Capacity. 

 
First Crack Load 
 
A comparative bar chart showing the first crack load 
is shown in figure 7. The first crack load increases for 
all retrofitted beams, and it indicates that the load-
carrying capacity of more for retrofitted beams with 
the percentage variation from 3.03% (for BFCC) to 
15.15% (for BFUW). 

 
Figure 7: First Crack Load. 

 
Crack Pattern 
 
The mode of propagation of the crack pattern was 
similar in all cases. The cracks are propagated on all 
three faces except the compression face, and the 
cracks are observed at the region between the lever 
arms. The cracks are formulated at an angle of 45º 
with the axis of the beam. The crack pattern obtained 
is, as shown in figure 8. 
 

 
Figure 8: Typical Crack Pattern. 

 
Load Strain Characteristics 
 
The load strain relation of specimens is shown in 
Figures 10 and 11. The strain is taken at position 1-1 
of all beams, as shown in Figure 9. The value of strain 
decreases for retrofitted beams when compared to 
the normal reinforced beam. The maximum value of 
strain is for beam retrofitted with U wrapped welded 
mesh, and the minimum value is for beam retrofitted 
with wrapping on the compression side using 
chicken mesh. 

 
Figure 9: Position of Strain Gauge. 

 
Figure 10: Load - Strain Characteristics of Chicken 

Mesh. 
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Figure 11: Load - Strain Characteristics of Welded 

Mesh. 
 
Torque Twist Characteristics 
 
The torque can be obtained as the product of half of 
the load applied to the beam and lever arm distance 
from the central axis of the beam. The angle of twist 
can be calculated from the lateral displacement and 
depth of the beam. The torque-twist response of 
beams was shown in Figures 12 and 13. The value of 
twist decreases for retrofitted beams when compared 
to the normal reinforced beam. 

 
Figure 12: Torque - Twist Response of Chicken 

Mesh. 
 

 

 

 
Figure 13: Torque - Twist Response of Welded Mesh 

 
 

IV. CONCLUSIONS 
 
Combined flexural and torsional behavior of RC 
beams retrofitted using ferrocement is studied. The 
results revealed that beam welded mesh gives 
improved properties than chicken mesh. Also, the 
method of jacketing is more effective when the wire 
meshes are wrapped along three sides. It is found 
that the value of deflection, strain, and torque 
decreases for the retrofitted specimen. Deflection 
decreases within the range 3.4% for beam retrofitted 
with ferrocement wrapping on the compression side 
using chicken mesh to 7% for beam retrofitted with 
ferrocement U wrapping using welded mesh when 
compared to the normal reinforced concrete beam. 
First crack load and energy absorption values 
increase for retrofitted specimens, which implies that 
the use of ferrocement jacketing enhances the load-
carrying capacity of the specimen. The mode of 
propagation of crack was found to be similar in all 
cases. The energy absorption increases within the 
range of 1.36% for beam retrofitted with ferrocement 
wrapping on the compression side using chicken 
mesh to 13.4% for beam retrofitted with ferrocement 
U wrapping using welded mesh when compared to 
the normal reinforced concrete beam. The first crack 
load increases within the range 0.03% for beam 
retrofitted with ferrocement wrapping on the 
compression side using welded mesh to 15.15% for 
beam retrofitted with ferrocement U wrapping using 
welded mesh when compared to the normal 
reinforced concrete beam. 
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