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Density (gr/cm?) 1.80
Thickness (mm) 0.17
Tensile strength (MPa) 3900
Modulus of elasticity (MPa) 230000
Ultimate strain (%) 15

Table 2. Mechanical properties of carbon fibers
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Tensile strength(Mpa) 30
Flexible modulus(Gpa) 3.8
Tensile modulus(Gpa) 4.5

Table 3..Mechanical properties of Epoxy
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Brand FIBERMIX
Dimensions (mm) 0.75x30
Tensile strength (MPa) 1100
Flexural strength (MPa) 800
The maximum amount of 02

stretch marks

Standard TSE 10513. ASTM A 820

Table 1. Properties of steel fibers
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330 207 985 865 0.62 16 cm 310

Table 7. Normal concrete mixture
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CA Coarse aggregation w Water
S Sand SF Micro silica
C Cement SP Superplastizer
SS Silica sand F Steel Fibers
QS Silica powder

Table 4. The used abbreviations
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Concrete
type RPC RPC-F
Materials
C 914 914
SS 864 864
W 204.5 204.5
SP 42 42
SF 218.4 218.4
QS 76.4 76.4
F - 50
w/B 0.18 0.18
fi 900 950

Table 5. Reactive powder concrete mixture
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Table 6. Self-compacting mortar mixture
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Column name No. of specimens
C Control 6
CD Damaged control 6
RUF Retrofitting with ultra-high performance fiber reinforced concrete cover layer - square section 6
Retrofitting with ultra-high performance concrete cover layer and wrapping by a layer of
RUNW1-S ) - . 4
carbon fiber-reinforced polymer - square section
Retrofitting with ultra-high performance concrete cover layer and wrapping by two layer of
RUNW?2-S - . . 2
carbon fiber-reinforced polymer - square section
Retrofitting with self-compacting mortar cover layer and wrapping by a layer of carbon fiber-
RSCW1-S - . 4
reinforced polymer - square section
Retrofitting with self-compacting mortar cover layer and wrapping by two layer of carbon
RSCW2-S - - - 2
fiber-reinforced polymer - square section
Retrofitting with ultra-high performance concrete cover layer and wrapping by a layer of
RUNW1-C . . . . 4
carbon fiber-reinforced polymer - circular section
Retrofitting with ultra-high performance concrete cover layer and wrapping by two layer of
RUNW2-C ) - - - 2
carbon fiber-reinforced polymer - circular section
Retrofitting with self-compacting mortar cover layer and wrapping by a layer of carbon fiber-
RSCW1-C . . : 4
reinforced polymer - circular section
RSCW2-C Retrofitting with self-compacting mortar cover layer and wrapping by two layer of carbon 2

fiber-reinforced polymer - circular section

Table 8. Abbreviations used for specimens
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RUF ;, C CD
Column Max Percent  absorbing  Percent
type strength  increase energy increase
C 359 777
CD 208 -42 308 -60
RUF 408 33 1444 85

Table 9. Comparison of the increase in energy absorption and
the maximum strength of the columns of CD, C and RUF
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Fig. 3. Load-Displacement behavior of columns with one and two layers of carbon polymer
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Column Max Percent  absorbing  Percent
type strength  increase energy increase
C 359 777
CD 208 -42 308 -60
RUNW1-S 820 128 1696 118
RSCW1-S 671 87 2560 230
RUNW?2-S 962 168 2988 285
RSCW2-S 810 125 2232 187
RUNW1-C 8075 125 2213 185
RSCW1-C 745 107 2546 227
RUNW2-C 1090 203 3584 361
RSCw2-C 1115 210 4512 480

Table 10. Comparison of the percentage of energy absorption
and maximum strength of the specimens
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Column Max  Percent Absorbing Percent
type Stress  increase energy increase
C 24.93 777
CD 14.44 -43 308 -60
RUNW1-S  58.78 136 1696 118
RUNW1-C 7146 187 2213 185
RSCW1-S  48.10 93 2560 230
RSCW1-C  65.92 164 2546 227
RUNW?2-S  68.96 177 2988 285
RUNW2-C  96.46 287 3584 361
RSCW2-S  58.06 133 2232 187
RSCW2-C  98.67 296 4512 480

Table 11. Comparison of the percentage of energy absorption
and maximum stress of the specimens
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Fig. 6. Failure mode of specimens
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Column type  Experimental Analytical Percent - OY)
Max Strength  Max Strength Error -
C 359 347.53 33
CD 208 227.76 9.5
RUNWI1-S ¢ & o sledde WV “
RUF 480 457.75 4.86 g5 05t Sledle VIS5
RUNW1-S 820 840.25 2.46

Table 12. Comparison of numerical and experimental results
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Column type Max Stress Percent increase
C 24.93
CD 14.44 -43
RUF 34.40 38
RUNW1-S 58.78 136
RUNW2-S 68.96 177

Table 14. Experimental specimen with small dimensions
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Fig. 9. Stress-strain behavior of large dimensions
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Column type Max Stress Percent increase
L-C 30.89
L-CD 19.57 -36
L-RUN 35.90 16
L-RUNW1-S 43.25 40
L-RUNW?2-S 48.37 57

Table 13. Numerical results of large-dimension column
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Abstract

The members of concrete structures may need to be retrofitted for various reasons, including poor quality of
materials, design errors, structural changes, hon-compliance with the requirements of design codes and also
losing cover concrete due to rebar corrosion. Steel jackets, concrete jackets and fiber reinforced polymers
can be mentioned as commonly used retrofit methods for concrete members. There are also several methods
for retrofitting concrete columns that have lost their concrete cover. Using concrete jacket has some
disadvantages, such as a significant increase in the weight of structure, increasing the element dimensions
and the required time for the implementation of the rehabilitation. On the other hand, steel jackets have
various difficulties in implementation stage. In this study, specimens of square concrete columns that have
lost their cover concrete due to rebar corrosion have been investigated and have been retrofitted by
combining a number of methods. These methods include the use of a new concrete layer and the wrapping of
columns with carbon fiber. Combining these methods will result in the enhanced performance of the
rehabilitation technique since these methods will cover the deficiencies of each other. It is expected that
these combined methods will result in increased load capacity, energy absorption and ease of forming.
Therefore, in this study, the combined effect of carbon fibers and high performance concrete layer is
investigated. The combination of high compressive strength of this type of concrete and high tensile strength
of carbon fibers can be used to increase the axial load capacity and energy absorption of square concrete
columns. The variables of this study include the type of cover concrete (UHPC, UHPFRC and SCM) and the
number of layers of carbon fiber (one or two layers). The total number of specimens in this study was 42, of
which 6 were control specimens, 6 were damaged control specimens and 30 were damaged specimens,
which were retrofitted with cover layer and carbon fiber. All of the specimens are placed under uniform axial
load. The results of the experimental study show that in the retrofitting of the square column, it is better to
use the UHPC coating layer. While it is better to use a self-compacting mortar as a coating layer in
retrofitting the circular column. Retrofitted columns have significant increase in strength and energy
absorption capacity compared to the control columns. The least effect was seen for the columns retrofitted
with the coating layer of ultra-high performance fiber reinforced concrete (UHPFRC), which showed an
increase by 33% and 85% in terms of strength and energy absorption with respect to the control columns.
The greatest effect was seen in the columns retrofitted with self-compacting mortar coating layer with two
layers of carbon fiber, which increased the strength and energy absorption by 210 and 480%, respectively.
Also, the results show that because the confinement effect in the circular sections is uniform and the entire
concrete is effectively confined, the effect of the type of concrete on the coating layer is reduced. A
numerical study on a real-dimension column was carried out to verify the results of the laboratory tests and
also in order to allow the experimental results from small-sized samples be extended to large-scale columns.
The results showed that by increasing the column dimensions, the carbon fiber confinement effect is
significantly reduced.

Keywords: Concrete Columns, Retrofitting, UHPC, CFRP, Axial Loading
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