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Abstract- The use of fiber reinforced polymer (FRP) materfalsstructural repair and strengthening has besrticuously
increasing in recent years, due to several advastagsociated with these composites when compahventional materials
like steel. The study is undertaken to find out #teength of the columns by adopting hybrid FRPirmgs. Four chosen
wrapping patterns are wrapped around the columdiftfrent specimens of same size are preferredhi®research and the
strength obtained from the wrapping pattern is camag with that of the unconfined column. The cresstion of the column
measuring up to 150x380mm and shorter face radigasaring 75mm is casted. Three types of FRP ard usdhe
experimental stages namely Glass, Basalt and ihresf After thorough analysis the specimen CBGdpped with Basalt,
Glass and Jute fibre has got more axial compresdiremgth than other specimen chosen for studyatsw CBGJ wrapping

pattern has got 25% more compressive strengthtligaanconfined column.

Index Terms-BFRP, GFRP, Jute, Strengthening, Axial compression.

1. INTRODUCTION
Over the years, engineers have used different rdstlamd
techniques to retrofit existing structures by pdiviy external
confining stresses. For the past few years, thecepnof
jacketing has been investigated to provide suctefofl].
Externally applied jackets, have been used asnforeement
to contain concrete for different reasons. Engisdmve used
traditional materials such as wood, steel, and racto
confine and improve the structural behavior of cete
members. Section enlargement is one of the methsed in
retrofitting concrete members. This method is ab ad the
concrete industry itself. Steel jacketing has bemven to be
an effective technique to enhance the seismic pegoce of
old bridge columns (Priestley et al.1996) [2]. Nolags, the
use of fiber reinforced polymer has been considénedbest
strengthening material due to their excellent genfmce in
the field of strengthening, repairing and retrofit of
concrete structures especially in columns. The afs&€RP
composites as a jacketing material around the squ@mcrete
columns can increase the strength and ductilitysqdare
columns [3].Such strengthening technique has proved to
very effective in enhancing their ductility and alxiload
capacity. However, most of the available studies tha
behavior of FRP confined concrete columns

recognition as strengthening measures to incréesductility
and load carrying capacity of existing structuramiers. As
a result, these materials have shown great poteiria
becoming an attractive alternative to concrete eveh steel
jackets. One important application of this composit
retrofitting technology is the use of FRP jackeisptovide
external confinement to RC columns when the exstin
internal transverse reinforcement is inadequate.e Th
application of FRP in the construction industry ediminate
some unwanted properties of high strength conceeteh as
its brittle behaviour.FRP is particularly useful rfo
strengthening columns and other unusual shapes.

1.1 Scope and Objective

The Main Endeavour of this work is to experimentall
scrutinize the effects of upgrading the load cagytapacity
of Reinforced Concrete Capsule shaped columns cielje¢o
axial compression by confining with GFRP, BFRP,eJut
flexible wraps.
bee objectives of this study are as follows:

i. To evaluate the effectiveness of external HybR&P
strengthening for Capsule shaped concrete columns.

have

concentrated on circular shaped columns with norntaR External Confinement with FRP

strength. The data available for columns of square
rectangular cross sections have increased oventrgears but
are still limited [5-7].

The application of FRP in the construction industay
eliminate some unwanted properties of concreteh sas

Fiber Reinforced Polymers (FRP) has emerged owbe brittle behaviour of high-strength concrete. PFRs

the last decade as a new material to be used uctstal
engineering, due to its attractive mechanical prigeFRP
systems, however, have

particularly useful for strengthening columns antheo
unusual shapes (Li, Hadi 2003) [4]. As already riosetd, the

recently gained world-widese of FRP materials in concrete compression menber

94



International Journal of Research in Advent Technology, Vol.3, No.6, June 2015
E-ISSN: 2321-9637

produces an increase in strength depending on RE F Table 1 Specimen Wrapping Configuration
properties (material type, strength, thickness)eton the

concrete properties, and prevalently on the shapehe Specimen| CC CGJ| CBJ| CGBJ CBGJ
transverse cross-section (Campione, Miraglia 2003). ID

Bonding hoop FRP to the column surface enhanceal axii Wrap strip| Layer | Layer| Layer| Layer Laye
load capacity and ductility of columns. The hoop PFR No 111 2] 1] 2 1 20 1 2
resists lateral deformations due to the axial Ilogdi i -1-1G| G| B| B| G| Bl B|] G
resulting in a confining stress to the concreteecalelaying ii S N T T T s T s | | Y Y I
rupture of the concrete and thereby enhancing hkbth iii - |/-|cg|Gcg|B|B|G| B| B|] G
ultimate compressive strength and the ultimate cesgive iv =T gt al al at a1 1 ]
strain of the concrete. v - -Tael |l Bl Bl ¢l Bl Bl G

2. EXPERIMENTAL INVESTIGATION G- GERP B - BERP J- JUTE

2.1 Specimen Layout

A total of 4 FRP wrapped and one unconfined contr
concrete columns with dimensions of 150x 380mm Wi%‘l : .
shorter face radius 75mm were prepared and testeléru -2 Material Properties
axial compression loading. The main experimentahip@ters
were included different layers of hybrid FRP wittfetent

a{\/idth of wrapping for all strips was 100mm.

2.2.1 Internal stedl reinforcement

pattern. Details of the internal reinforcing bars are shawiig
T oo 2. 4nos of 16mm dia and 2nos of 12mm dia bars aseadain
reinforcement and 8mm dia bars used as stirrupmg0C/C
spacing.
i oo 12mm dia 2 nos

1000
100 125 100 125 100 125 100 125 100

ce cal Cross Section
g g 6 mm dia 4 nos
: 150 380
g E
g g — mm two legged
- g /] stirrups 250 mm C/C
: g B 1
; : - Ui
cBJ CGBJ
g
]
g T .
8 Yy axis XX axis
g
s Longitudinal Section
g Fig. 2 Reinforcement Details
8 2.2.2 Concrete
g

Portland Pozzolana cement , natural sand (fine
aggregate) and crushed coarse aggregate 20mm & Xirem
were used for the concrete mix. The mix proportdiM20 is

CBGJ

Fig. 1 Wrapping Pattern of Specimen
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Fig. 3 Location of Strain gau

1:1.33:3.14 by weight of cement,
aggregate and water cement ratio 0.5 was ada

sand, ca

2.2.3 FRP system

Glass FRP, Basalt FRP, Jute rovings were Us€ CpJ, CGBJ, CBGJ aras shown in fig.

confinement reinforcement.

2.2.4 Srain gauge

The strain gauge type was BIC-10 with a gauge
length of 10mm fixed in the longitudinatinforcement. Thi
detail of the locations of strain gauges on steggiforcement:
shown in fig 3

3. RESULT AND DISCUSSION
3.1 Observed behaviour
At the early stages of loading of the confined #&peas, the
noise related to the micro cracking of concreore was
evident. At the latter stages of loading, a pl-like sound
was produced by the stretching of the FRP sh

3.2 Axial Load-Displacement Behaviour

The variation of displacement with that of the lagak plottec
for all the specimens as shown in Fig From the loac—
displacement curves it is observed that the unvad
specimen CC failed at a load of 750kN with a dispfaent o
1.24mm. The FRP wrapped specimens CGJ, CBJ, CGa.

CBGJ failed at loads of 850kN, 900kN, 950kN, 1000kith
the corresponding displacements of 1.46mm, 1.49
1.608mm and 1.76mm.
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Fig.4 Axial load —displacement ¢Specimens

The specimen CBGJ h higher

displacement

compared to controlled specimen and other spec
The Basalt fiber has produce largdisplacement
compared to glass fibre.

3.3 Axial load- Strain behaviour

The behaviouof axial load vs strain for specimen ( CGJ,

1000
900 // -
Z 700 / / z /
2 soo Ve
8 500 S ——CC
= 400 s ——cG)
/7 ——
200 —+—CBGJ
100 /
0 &
0 1000 200C 3000 4000 5000
Strainx10-6

Fig 5 Axial Load— Strain curves
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The specimen CBJ has observed higher strain witkeddoad

and specimen CBGJ has observed lower strain wighehi
load.

3.4 Comparison of Compressive Strength

confinement of capsule shaped RC columns. Theatig
conclusions can be drawn from the test results.

The wrapping of FRP has increased the compressigagth

and ductility compared to the specimen without vpiag.
The compressive strength of column specimen CGJ is
increased by 11.76% when compared with control ispsat

From the graphs shown in the Figures 6 and 7 itd§c and the maximum strain is reached 0.002386eatial

found that due to the high tensile strength ofhibrid FRP

load of 850kN. The compressive strength of colupgcanen

confinement, the compressive strength of columrcispEn cBJ is increased by 16.67% when compared with obntr
CGJ is increased by 11.76% when compared with BEETI specimen CC and the maximum strain is reached O4BAt
CC. And also the compressive strength of columrtispen the axial load of 900kN. The compressive strendtbotumn
CBJ is increased by 16.67% when compared with BEETI specimen CGBJ is increased by 21.06% when compaitad
CC. The compressive strength of column specimen LGB cgntro| specimen CC and the maximum strain is redch

35
CBGJ
_cBy 592 2899
30 CGeJd 26.09 Z1T.0%
CC 24.64 ‘
25

21.74

Compressive Strength N/mm?

Specimen ID

increased by 21.06% when compared with specimenT@€.
compressive strength of column specimen CBGJ ieased

by 25% when compared with specimen CC.

Fig.6 Comparison of Compressive Strength

30 CBGJ—

- ceBy 25
cpy 2106

20 16.67

CGJ
15

Compressive Strength in %

Specimen ID

Fig.7 Comparison of % Increase in Compressive §then

4. CONCLUSION

This research was aimed to propose and to invéstia new
strengthening technique of strip pattern for hybR&RP

0.004365 at the axial load of 950kN. The compressiv
strength of column specimen CBGJ is increased 8% @ben
compared with control specimen CC and the maximtrains

is reached 0.003707 at the axial load of 1000kN.

The hybrid FRP wrapping containing Basalt, Glass,
and Jute absorbs more strength than the other chy#RIP
wrapping patterns involved in this research. Thapping
procedure adopts capsule shaped columns because lie
rectangular shaped columns it may debond the carhére
column. There is enough literature available tdifyushe fact
that rectangular shaped columns have damaged theaon
the previous research studies. The capsule shaplednic
wrapping is done in parts of the column throughpping
pattern in the vulnerable region of the column altmreduce
the cost of the FRP materials involved in strippitige
column.

REFERENCES

[1] Yousef A. Al-Salloum (2007) ‘Influence of edge
sharpness on the strength of square concrete celumn
confined with FRP composite laminat&sience
Direct, Composites. Part B pp 640-650.

[2] Priestley MJN, Seible F, Calvi GM. (1996) ‘Seismic
design and retrofit of bridges’, John Wiley and Son
Inc.

[3] M. Faizan Tahir, M. Yaqub, Imran Bukhari, M.
Usman Arshid, M. Rameez Sohail (2013) ‘Effect of
CFRP Confinement on Plain and Reinforced
Concrete Square ColumnsLife Science Journal,
pp.770-777.

[4] Li J, Hadi MNS (2003) ‘Behaviour of externally
confined high strength concrete columns under
eccentric loading’,. Jurnal of Composite Struct
62(2):145-53.

[5] O. Chaallal, M. Hassen, M. Shahawy (2003)

‘Confinement model for axially loaded short
rectangular columns strengthened with FRP polymer
wrapping , J ACI Struct., 100 (2), 215-221.

[6] P. Rochette, P. Labossiére (2000Axial Testing of

Rectangular Column Models Confined with

97



[7]

(8]

International Journal of Research in Advent Technology, Vol.3, No.6, June 2015

E-1SSN: 2321-9637

Composite$ , ASCE J. Compos. Construct., 4 (3),
129-136.

R. Benzaid, N-E. Chikh, H. Mesbah
(2008 “Behaviour of square concrete columns
confined with GFRP composite wrap J. Civ. Eng.
Manag., 14 (2), 115-120.

Riad Benzaid, Nasr eddine , Habib Mesbah (2014)
‘Mechanical Behavior of Square Concrete Columns
Wrapped with CFRP Composite’Journal  of
Advanced Sciences & Applied Engineering Vol 01,
No. 01, pp.71-75.

98



