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Abstract The durability of a concrete structure decreases over time due to external and internal factors.
Therefore, appropriate reinforcement is required depending on the situation. One reinforcement method
is attaching carbon-fiber-reinforced plastic to a structure. This construction method is used in various
applications, such as buildings and bridges. In this study, an experiment was conducted on the
reinforcement effect of carbon fiber sheets on concrete that has decreased strength due to the aging of
the structure. A flexibility test was performed on a member to which carbon fiber sheet was attached
to determine the degree of improvement in the performance based on the ductility and behavior. The
experimental data show that the strength of concrete can affect the cracking and destruction patterns
of the reinforced member. In addition, the adhesive strength and destruction pattern vary depending on
the strength of concrete. The analysis shows that the concrete strength is related to various results such
as the bending capacity, adhesion strength, and destruction pattern when reinforcing it with carbon fiber

sheets.
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Table 1. Concrete Mixture

Unit material Admixt
Targeth w/C s/ requirements H;/X) e
strengt o a [kgf/mS] 0
(MPa) )
w C S G | SP AE

21 65 50 | 202 | 312 | 842|836 | 1.6 0.02

15 72 50 | 188 | 264 | 842 | 849 | 1.6 | 0.02

10 79 | 51 | 190 | 239 | 873 | 831 | 1.7 | 0.0004

Table 2. CFRP Sheet NR-72 Properties

Weight Gravity Thickness Tensile Elastic
© (g/cm’) (mm) strength modulus
(MPa) (GPa)
200 1.8 0.11 578 200

Fig. 1. The process of making experiments
(a) Grinding Surface (b) Applying Primer
(c) Applying Resin (d) Attaching FRP
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Table 3. Specimen variable details

Specimen  |FRP Reinforced strecrfg]z}ire();/TPa) Sgszrgl;n
FRPX-21 X 21 1
FRPX-15 X 15 1
FRPX-10 X 10 1

FRPO-21-1 (0] 21 1
FRPO-21-2 (6] 21 2
FRPO-15-1 (0] 15 1
FRPO-15-2 (6] 15 2
FRPO-10-1 o] 10 1
FRPO-10-2 (0] 10 2

O, X : FRP Reinfored or Unreinforced
21, 15, 10 : Specimen concrete strength
1, 2 : Specimen number

X : Non reinforcement
O : Reinforced w/ FRP

Specimen number

FRP X_10_1-

10 MPa
= 15 MPa
21 MPa

Strength of
concrete

Fig. 2. Specimen name notation
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V, =011\
Where, V,

n

7. bh 1)

Concrete

f .ck'

compressive strength, b width of specimen, h

shear strength,

height of specimen
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]l/[n =0.85 V fck Sm (3)
Where, M, Bending moment, f, Concrete

compressive strength, .5, section shear coefficient,

m

A modification factor for lightweight concrete.
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Fig. 3. Specimen stress distribution and strain
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Where, ¢ FRP strength reduction factor, 4; FRP
sheet space, f, effective stress of the FRP sheet
when it's destroyed, d; distance from the

compressed platform to the FRP sheet
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Where, 7, bond stress, L, effective bond length,

b, width of FRP, f,
strength (MPa), Z; elastic modulus of FRP, ¢;
thickness of FRP

concrete Compressive
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Table 4. Predicted of specimen

Shear Bending Bond Failure
Specimen Strength | moment | strength mode
Vo &N) | My (N'm) | Py kN)
FRPX-21-1 474 0.15 - Bending
fracture
FRPX-15-1 3.70 0.12 - Bending
fracture
FRPX-10-1 3.53 0.11 - ]?rzré‘::rf
FRPO-21-12 | 26.97 23.08 26.97 FRP
rupture
FRPO-15-1,2 | 16.48 17.09 16.48 Cfa?iffge
FRPO-10-12 | 14.98 16.11 14.98 Cfa?iffge
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Table 5. Test Results
Predicted Test result
Specimen
Vn (kN) [Mn (kN'm)| Pn (Kn) |[Mn (kN'm)
FRP X-21-1 4.67 0.30 11.76 0.88
FRP X-15-1 3.65 0.23 6.91 0.52
FRP X-10-1 3.48 0.22 3.68 0.28
FRP O-21-1 34.81 2.61
—  4.67 1.73
FRP O-21-2 33.05 2.48
FRP O-15-1 24.31 1.82
S —— 3.65 1.28
FRP O-15-2 0 -
FRP O-10-1 26.11 1.96
— 3.48 1.21
FRP O-10-2 21.11 1.58
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Fig. 5. Cracks of the unreinforced specimen
(a) FRP X-21-1 (b) FRP X-15-1 (c) FRP X-10-1

FRP Sheet

! FRP Sheet
! FRP Shezt

(e)

Fig. 6. Cracks of the reinforced specimen
(a) FRP 0-21-1 (b) FRP 0-21-2 (c) FRP O-15-1
(d) FRP O-15-2 (e) FRP O-10-1 (f) FRP O-10-2
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Table 6. Comparison of predicted & Test results

Predicted Test result
Specimen | Flexural | Bond Failure Flexural Failure
Strength | strength ode Strength ode
N | kN | ™ w | "

FRPO-21-1 FRP FRP
FRPO-21-2 23.08 26.97 rupture 3393 rupture
FRPO-15-1

—— "1 17,09 | 1648 |CONCTEte| 545y | Concrete
FRPO-15-2 failure failure
FRPO-10-1

=l 611 | 1498 |CONCTetel g3y | Concrete
FRPO-10-2 failure failure
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Fig. 7. 21MPa Experiments Load-deflection Graph
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Fig. 9. 10MPa Experiments Load-deflection Graph
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