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The Strengthening Effects of Concrete Columns Confined with Carbon Fiber Sheets
along the Fiber Direction
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Abstract

Carbon, Aramid, Boron and Glass fibers are used as fibrous materials to promote structural bearing strength. Of
these fiber types, carbon fiber is the most commonly used material, and is characterized by having a one-way direction,
which is strengthened by tensile strength due to the attached direction only , while other types of fibers are two-way.
Therefore, when applied in the field, the attachment direction of fiber is a very important factor. However, when fiber
direction is not mentioned in the design drawing, there sometimes is no improvement in structural strength, as the fiber
i1s being installed by a site engineer or workers who lack structural knowledge. The purpose of this study was to
propose an optimal direction of carbon fiber through a comparison & analysis of reinforcing efficiency with reinforced
experimental columns that used carbon fibers in each of the inclined, horizontal and vertical directions. According to the
results, horizontal direction in the reinforced column was improved by 153.43%, but vertical direction was 104.61% only,
and it was understood this was due to increased tensile strength along the fiber direction. For this reason, it is
necessary to include information regarding fiber direction in design and site management.
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The Strengthening Effects of Concrete Columns Confined with Carbon Fiber Sheets along the Fiber Direction
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Table 1. Classifications of reinforcing fiber sheet
T Tensile
Type Specification strengih
Carbon fiber Inogamc‘ hlgh. strength, durability, low %3 MPa
sheet strain, high fatigue strength
Glass fiber sheet Inogamc glass fiber, low alkalic, good 196 MPa
barrior property.
Bron fiber sheet Inogamc steel fiber, lheat resistant, light U5 MPa
weight structural material.
Aramid fiber Organlc . synthetic .polyaram|d fiber, %66 MPa
sheet anti-chemistry, heat resistant
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Table 2. Physical properties of carbon fiber sheet

Description Middle strength High strength
Weight (g/m2) 200 300 200 300
Gravity (g/em) 1.80 1.80 1.82 1.82
Thickness (mm) 0.11 0.167 0.11 0.167
Tensile strength (kgf/cm
Width 300 456 390 590
Tensile elasticity strength
(kgflem W) 25,850 39.250 25,850 39,250
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Table 3. Mixing proportion of concrete
W/C Sla Weight propertion (kg/m*) Air
(%) (%) W C S G (%)
60 42 196 328 671 1123 4+15

Table 4. Physical properties of carbon fiber sheet (NR72)

o Weight  Gravity Thick— Elastelcny Breaking Tensile
Description @m?)  (glem) ness  (X10kg Strain(s) strength
¢ (mm)  for) (kgffor)

Hioh stength 5 1e0 011 235 15 3550

(NR72)
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Table 5. Physical properties of epoxy resin

Elon Tensile Tensile Com- Bendin
: 9 elasticity Density HDT pressive 9
—ation . strength strength
) strength  (g/em)  (C) (kgffo) strength (gfle )
° (kgffor ) g (kgffer ) @
20 28,000 1.16 76 500 880 800
KSM ASTM  ASTM ASTM KSM KSM KSM
3006-93 D683 D792 D648  3006-93 3015-92  3006-93
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Table 6. Specimen design

description Model no. Size Fiber direction
CR1-A, B 150x150x550 Non reinforced
CR2-A, B Inclined direction
Column
CR3-A, B Horizontal direction
CR4-A, B Vertical direction
150
L~ #10, Steel wire @120
&1
L 4-D13
550 Lae)

~#10,Steel wire
@120

BO

L

Figure 1. Section details of column specimen
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Figure 2. Direction details of reinforced column specimens
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Figure 4. Inclined reinforced
specimen (CR2-A)

Figure 3. Non reinforced
specimen (CR1-A)

Figure 6. Vertical reinforced
specimen (CR4-A)

Figure 5. Horizontal
reinforced specimen (CR3-A)
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Table 7. Result of mould concrete specimen

Mould section Compression

Mouid Size area (cm) strength (MPa)
#1-01 & 150x300 176.6 21.6
s H2 . 1766 212
#1-03 “ 176.6 20.8
Average 176.6 212
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Fiure 8. Inclined reinforced
specimen (CR2-A)

Figure 7. Non reinforced
specimen (CR1-A)



Figure 9. Horizontal reinforced
specimen (CR3-A)

\1
N
)
=
i
‘Lz,
a

. olzst J—]'_L] PE_J *‘7]'01] H]OM P>
ot = 9l o|gal FARS ERAA QA E| 9]
gz} fao] ofgt Ao ARt 717]9)
] 12wl theo] Figure 11149} E*E}

a4

g

A

A 2l il

_2_
°

Bkint

4

70 1

Lpad(ton)/Displacement(mm)

60
50.98/25.6

50 |
CRI—A[
40

30 |

49.16/31

/01
[

CRI-B

I
J

0 2 4 6 8 101214 16 18 20 22 24 26 28 30 32 34 36 38 40 42
Displacement (mm)

Load (ton)

20 |

10 |

0

Figure 11. Load displacement curve of CR1-A & B
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Figure 12. Load displacement curve of CR2-A & B

Figure 10. Vertical reinforced
specimen (CR4-A)
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Figure 14. Load displacement curve of CR4-A & B
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