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Abstract

In recent times, the retrofitting of existing columns has become indispensable, necessitating the use of Carbon
Fiber Reinforced Polymers (CFRPs) to fortify reinforced concrete columns. This application has led to notable
enhancements in both strength and stability. Research, encompassing both experimental and theoretical
approaches, has delved into the performance of concrete confined with CFRPs, particularly focusing on
circular columns under concentric loading conditions. The findings from these studies indicate that CFRP
confinement is more effective in circular columns compared to square columns. This is attributed to the
concentration of stresses at the corners of square columns, resulting in a lower active area for CFRP
confinement. Consequently, modifying square columns to a circular shape has been observed to enhance the
effectiveness of CFRP confinement.
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1. Introduction

In recent years, retrofitting existing columns has confinement. The methodology is shown in Figure
become essential, with Carbon Fiber fiber- 1.

reinforced polymers (CFRPSs) being widely applied 1.1 Experimental Methods or Methodology
to strengthen them. [1] Both experimental and ( )
theoretical studies have consistently demonstrated L'“““ﬂmvmw

that the use of CFRPs significantly enhances the ( )
strength and stability of reinforced concrete 1 L

columns. Studies examining the stress-strain ( )
characteristics of [2] CFRP-confined concrete, I

specifically in circular columns under concentric ( MIX DESIGN ]
loads, reveal that CFRP confinement demonstrates I

greater efficacy in circular columns than in square ( CASTING OF SPECIMENS )
ones. This discrepancy arises primarily due to J L

stress concentrations at the corners of square ( CURING OF SPECIMENS )
columns, leading to a reduced active area for CFRP 4 L

confinement and subsequently lowering its ( TESTING OF SPECIMENS )
efficiency. [3] As a result, the conversion of square J 1

columns into circular ones is considered a feasible ( CONCLUSION )

approach to improve the effectiveness of CFRP _
Figure 1 Methodology
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2. Experimental Setup

All columns underwent axial compression testing
using a 2000 KN capacity compression testing
machine. [4] The columns were carefully
positioned on supports to ensure alignment of their
centerlines  with  the machine's  axis.
Instrumentation included linear  voltage
displacement transducers (LVDTs) to measure
axial deformation, and a 2000kN load cell to
monitor load.[5] Both LVDTSs and load cells were
connected to a 16-channel Data Acquisition System
for data storage. Load application was facilitated by
an electronic jack, and the columns were tested
until failure. Experimental observations (Figure 2)
were made regarding failure mode, axial
deformation, and ultimate load.
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Figure 2 Experimental Setup
It is important to make the top and bottom surfaces of
columns exactly flat to apply uniform load on both
surfaces. Then the [6] saturated CFRP layers with epoxy
were pasted onto the column surfaces. CFRP layers
with epoxy are shown in Figure 3.
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Figure 3 CFRP Layers with Epoxy
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2.1 Loading arrangement

In the present experimental investigation, the wet
lay-up technique was employed to establish a
comprehensive CFRP confinement system. [7]
This process involved preparing the surface and
subsequently applying unidirectional CFRP. A 600
mm wide CFRP was positioned at the midpoint of
the column, while 300 mm wide CFRP strips were
affixed at both ends, creating a 100 mm overlap
along the column’s length. The overlap of CFRP
strips in the transverse direction corresponded to
the side of the cross-section. [8] Furthermore, to
forestall premature failure, 200 mm wide CFRP
strips were added at both ends of the specimens.
Fully and partially fiber-wrapped test specimens
and the Failure mode of conventional column
specimens are shown in Figures 4 and 5.
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Figure 4 Fully and Partially Fiber-Wrapped
Test Specimens
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Table 2 Load-Displacement Control column
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Table 3 Load-Displacement PWB-two Layer

Figure 5 Failure Mode of Conventional Column
Specimen
3. Results and Discussion
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Table 4 Load-Displacement FWB-Double
Layer

2.65
7.40
14.15
26.12
40.15
60.26
93.15
134.16
154.25
178.15
206.15
229.12
249.15

4. Experimental Results and Discussion

Each set of specimens underwent axial
compression testing under concentric loading
conditions. The results were tabulated in Table 1,
Table 2, Table 3, and Table 4 and comparisons of
load [9] versus axial deflection curves were
presented for each group in Figure Several
observations were noted:

e Specimens in Group N failed due to
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concrete spalling on the surface and
buckling of the longitudinal reinforcement.

e Specimens in Groups RF and CF failed due
to CFRP rupture at the mid-height, as
depicted in Figures 4.6.5 and 4.6.6.

e The concrete at mid-height was completely
crushed and restrained by CFRP.

e Aggregates of specimens in Groups RF and
CF were entirely separated, contrasting
with the concrete of Group N specimens.

e All specimens in Groups N, RF, and CF
exhibited similar behavior in the initial
stage of the curve, indicating that the
concrete was not crushed.

e The load versus deflection diagrams
showed that the slopes of the curves for
specimens in Group CF were higher than
those of specimens in Groups N and RF
due to the larger cross-sectional area of
Group CF.

e Loads of specimens in Groups CF and RF
gradually increased [10] after the yield
load, while loads decreased after the yield
load in Group N specimens.

e Axial strain was calculated by dividing
axial deformation by the actual length of
the specimen, and the nominal average
axial stress of specimens under concentric
load was determined by dividing the axial
load by the cross-sectional area of the
specimens.

e The best confinement was observed in
Specimen CF because the slope of the post-
peak curve was higher than that of
Specimen RF.

e In Groups CF and CS, no debonding was
found between the core [11,12] concrete
column and segmental sections, indicating
that they both worked together until failure

Conclusion

CFRP has emerged as a prominent material within
structural engineering applications, showcasing its
potential advantages in construction both in
academic  research and  practical  field
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implementations [13-15]. It has demonstrated cost-
effectiveness in strengthening various structures
such as concrete, masonry, steel, cast iron, and
timber. Its utilization in the industry spans
retrofitting existing structures for reinforcement or
as an alternative to traditional steel reinforcement
from project inception. When applied to reinforce
concrete structures against flexure, CFRP typically
delivers a significant boost in strength, often
doubling or more the section's strength, while
moderately increasing stiffness by approximately
10%. This is attributed to the high strength of CFRP
material, with an ultimate tensile strength of around
3000 MPa, significantly surpassing that of mild
steel, yet it exhibits slightly lower stiffness ranging
from 150 to 250 GPa, comparable to steel [16].
Consequently, only small cross-sectional areas of
CFRP are required for reinforcement, leveraging its
high strength to amplify the structural strength
without substantial stiffness improvements. CFRP
can also be employed to enhance the shear strength
of reinforced concrete by wrapping fabrics or fibers
around the targeted building sections. Such
wrapping, particularly around critical elements like
bridges or columns, not only bolsters shear strength
but also enhances the ductility of the structure,
notably improving its resilience against collapse
under seismic loading. This approach, known as
'seismic retrofit, is particularly prevalent in
earthquake-prone regions due to its superior cost-
effectiveness compared to alternative methods
[17].
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