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Abstract—This paper presents the results of a research program 
that evaluated use of rubber rebars in RC columns retrofitted with 
fibre reinforced polymer (FRP). The jacketing system of columns 
consists of glass fibre wound manually onto prototype RC columns. 
The research attempts to address a key issue involving strengthening 
of columns by comparing the strength values of pre and post retrofit 
prototype models. The principle of research study is to explore the 
feasibility of rubber rebars as reinforcement along with FRP. A total 
of 18 cylindrical RC columns were tested under varying axial load. 
Specimens consists of full scale cylindrical columns (150*300mm) 
reinforced by using steel and rubber rebars. The key parameters of 
this extensive research work includes thickness of jacket, concrete 
strength, loading type, amount of reinforcement, and bonding 
pattern(arrangement) of GFRP sheets. The varying parameter is 
loading and area cover by FRP over the column viz.mid, extreme 
ends and whole column retrofitted. It was demonstrated that high 
axial load has detrimental effect on deformation capacity. Compared 
with the performance of pre-retrofitted RC columns, test results 
showed that post-retrofitted columns having rubber re-bars results in 
increase in ultimate strength than pre-retrofitted ones. The amount of 
FRP greatly affects the drift capacity of retrofitted RC columns. 
 
Keywords: Reinforced Concrete Columns; Rubber Rebars; 
Fibre Reinforced Polymer; Seismic Retrofitting; Bonding. 

1. INTRODUCTION 

It is well known that retrofitting implies modification of 
existing building structures so that to make them more 
resistant towards seismic activity or ground motion, instead of 
demolishing and rebuilding. Mostly in developing countries, 
the structures show low seismic performance either because of 
low ductility or adequate construction practice, or other 
deficiencies. In recent years, retrofitting of existing columns 
through fiber reinforced polymer (FRP) has become popular. 

A wide study on the seismic durability of RC columns 
between the eras 1950 to mid-1970 is reported [1]. Study 
reveals that stiffness of column didn’t change with retrofitting. 
Moreover column strength didn’t increase and the energy 
dissipated gets slightly increased. Introduction of advanced 
polymer composites has been a rapid process in civil 
engineering, and has demonstrated that advanced composite 
column jacket are as effective as conventional steel jacketing 

in improving the seismic performance of RC columns [2]. And 
was found that stiffness and deformation capacity increased 
were less than those obtained from steel jacketing. 
Consequently extensive research work has been carried out on 
bridge columns undergoing ground motion. The RC column 
undergoes ground motion and is investigated using shake 
table. It was found the stiffness of column decreases with 
increase in damage level while energy dissipation shows 
positive effect [3]. Another research work reveals that bridge 
columns having flares shows that plastic hinge doesn’t act at 
sections or get started at sections having maximum bending 
moment when the column is having parabolic structural flares. 
The position of hinge depends upon the geometry of structural 
flares and steel details longitudinally or from moment 
curvature analyses performed at various cross sections [4]. 

Although extensive research work has been done on 
retrofitted hollow reinforced columns. Most of the studies 
found that composite wrapping enhances the strength of piers 
under eccentric loading. There was improvement in strength 
when specimens were loaded with smaller eccentricity but was 
opposite to ductility which shows improvement in strength 
loaded to bigger eccentricity [5]. Demonstration of models of 
low and medium RC concrete columns shows confinement has 
direct effect on strength and ductility. The strength was more 
in circular columns rather than rectangular/square ones [6]. 
Application of FRP bars in retrofitting RC cantilever beams is 
presented. Subjecting FRP retrofitted RC cantilever beams 
into monotonic and cyclic loading, showed diagonal cracks 
and FRP bars ruptured with stability failure in tension and 
compression bars along short or long shear beams [7]. 
Degradation of stiffness is independent on FRP confinement 
while leaving positive effect on ductility [8]. 

As for RC beam-column, lack of rationale explanation of 
the resistance mechanisms of beam-column joints being 
retrofitted with FRP which acts as key point for the 
development of more comprehensive design procedure while 
confirming effectiveness of FRP for retrofit of RC joints [9]. 
Research studies revealed that aspect ratio is directly 
proportional to drift capacity which in turn is greatly affected 
by confining FRP. However, there is reduction in deformation 
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vertically starting from the upper edge and moving towards 
the bottom edge. Later increasing the load beyond peak value, 
column showed no response and the load capacity drops from 
the maximum, and the lateral cracks appears. The vertical 
reinforcement showed bent in bars. 

These all kinds of failures were prevented by wrapping 
the glass fiber around the columns. It enables them to bear 
greater loads and hence increase in strength. All retrofitted RC 
columns showed same behavior towards axial loading. 
Subjecting the retrofitted columns under Loading, the GFRP 
sheets broke when load was increased beyond the column 
bears. 

Table 1: Material properties of fibers. 
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Table 2: Material properties of Rubber Re-bar. 
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Fig. 2: Views of specimen failure. 

3.1.2 Test results  

Table 3: Summary of test results 

Serial 
no. 

Columns Strength (Days)KN 

1.  Steel reinforced 
columns  

7 days 28 days 
Crack 
value 

Failure  Crack 
value 

Failure  

1.1.  NC1 217 222 262 285 

1.2.  NC2 225 237.9 271 286 

1.3.  NC3 217 225.3 243 249 

2.  Rubber reinforced 
columns  

7 days 28 days 

Crack 
value 

Failure Crack 
value 

Failure  

       
2.1. 

RC1 70 75.7 112 122.7 

2.2.  RC2 79 84.8 119 127.2 

2.3.  RC3 93 101.8 133 140.5 

3.  Retrofitted 
columns(confined 
with GFRP) 

7 days 28 days 

Crack 
value 

Failure Crack 
value 

Failure  

1.1 CRC1 239.2 255   

1.2 CRC2 272 285.2   

1.3 CRC3 226 237.1   

4. ANALYSIS OF TEST RESULTS  

While accessing the performance of FRP confined RC 
columns, two considerations are used: i) confinement ratio, 
which is defined as confinement pressure to unconfined 
concrete strength and, ii) stiffness of confinement which is 
mainly used for measuring the stiffness of confinement of 
FRP. 
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Fig. 3: Varia

0

50

100

150

200

250

300

350

400

450

Cr

lo
ad

Mean

A

0
200
400
600
800

1000
1200
1400
1600

R

L
O

A
D

CURV

7days

p-ISSN: 

ation between st
rubber reinfo

rack value Fail

7days 7da

n values betw
RR

Avg(SR Colns.)

RC1 RC2

RR Colns.

VES B/W RR 
COL

7days

Journal of C
2349-8404; e-

teel reinforced 
orced columns 

lure Crack valu

ays 28days

ween SR COL
R Col.

Avg(RR

RC3 R'RC1 R

R'R

COLNS. AN
LNS.

28days

Civil Engineer
-ISSN: 2349-87

columns and 

ue Failure

28days

L. AND 

R Colns.)

R'RC2 R'RC3

R Colns.

ND R'R 

28days

Pe

 
 

ing and Enviro
79X; Volume 4

   

 

  

Fig. 4

lo
ad

L
O

A
D

erzada Jafar Ab

onmental Techn
4, Issue 5; July

4: Comparison 
FR

0
50

100
150
200
250
300
350
400
450

Crac
valu

7day

VAriatio

0
50

100
150
200
250
300
350
400
450
500

NC1

S

variatio

7days

bass, Mandaka

nology 
y-September, 2

between rubbe
RP retrofitted co

ck 
ue

Failure

ys 7days

n b/w avg(rr
avg(r'r colns

Avg(RR C
Avg(R'R C

NC2 NC3

SR Colns.

n b/w SR Co
COLNS.

7days

aruhi Rymbai an

2017 

r reinforced col
olumns. 

Crack 
value

F

28days 2

r colns.) and 
s.)

Colns.)
Colns.)

R'RC1 R'RC2

R'R Col

olns. and R'R
.

28days

nd S. Ganesh 
 

 

lumns and  

  

Failure

28days

2 R'RC3

lns.

R 

28days



Retrofitting of RC Cylindrical Columns using Rubber re-bars Along with FRP 449 
 

 
 

Journal of Civil Engineering and Environmental Technology 
p-ISSN: 2349-8404; e-ISSN: 2349-879X; Volume 4, Issue 5; July-September, 2017 

 

Fig. 5: Variation between steel reinforced columns and  
FRP retrofitted columns. 

5. CONCLUSION 

1. It has already been widely accepted that high loads have 
unfavorable effects on deformation capacity. Under 
different loads, the test results of columns can be used to 
analyze the effect of axial loads on retrofitted columns. 
The specimens having aspect ratios are retrofitted hence 
show more response towards axial load. 

2. Aspect ratio has direct effect on drift capacity, as more 
the aspect ratio higher will be the drift capacity. 

3. The amount of FRP affects greatly the deformation 
capacity. With increase in FRP layers, the deformation 
capacity shows negative response. 

4. Maximum strength of retrofitted RC columns have 
increased. By taking unretrofitted RC columns as a 
reference, the failure performance of retrofitted columns 
rehabilitated from brittle-shear failure to ductile-flexural 
performance. 

5. From the cost analysis and also possessing light nature, 
the rubber-rebars can be used in construction to improve 
the performance of RC Columns along with FRP. 
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