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Evaluation of Performance of CFRP Sheet Reinforcement on RC
Members Subjected to Axial Load and Flexural Moment

ABSTRACT

In general, RC beam members are designed as flexural members, considering only the bending load. However, in actual buildings, axial
and bending load are simultaneously applied due to the continuity between members. As a result, the bending strength of the RC beam
member increases, but the displacement decreases, and cracks are mainly concentrated in the center of the beam. Therefore, in this study,
the bending performance of both normal and strengthened RC beam using carbon fiber sheets subjected to combined axial and bending
load was experimentally evaluated. The carbon fiber sheets were wrapped around the middle of the specimens, and axial and bending
load were applied simultaneously to the beams. The magnitude of the axial force and the effects of carbon fiber sheet reinforcement on
the deformed shape, bending strength, deflection, and ductility of the RC beams were analyzed. The results show that as the applied
axial force increased, the maximum bending strength increased, but the ductility decreased 64%. The bending strength of the strengthened
beams increased up to 27%, the maximum deflection decreased around 8% and the ductility increased by up to 43%.
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Fig. 1. Detail of Test Specimen (unit : mm)
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Fig. 2. Detail of Reinforcement (unit : mm)

Table 2. Properties of Materials Used

Concrete Rebar CFRP Sheet . .
- - - - - Design Bending
Design Compressive Yield Thickness Tensile Elastic Moment
Strength Strength Steel Grade Strength (mm) Strength Modulus (kN-m)
(MPa) (MPa) (MPa) (MPa) (MPa)
24 26.32 SD300 343.10 0.4 7,254 1.96E05 32.15
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Fig. 3. Test Setup for Specimens: (a) Top View, (b) Side View
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Table 3. Comparison by Axial Force

. Yielding of rebar . Maximum .
Specimens - Increase (kN) Ratio (%) - Increase (kN) Ratio (%)
Load (kN) Dis. (mm) Load (kN) Dis. (mm)
NO 106.56 12.44 124.90 32.74
12.59 33.58 26.89
C0 119.15 12.39 158.48 100.69
N10 168.51 10.83 179.18 26.16
24.86 23.18 12.94
C10 193.37 14.44 202.36 31.16
N20 229.32 15.92 238.62 21.33
2.11 7.53 3.16
C20 231.43 15.62 246.15 20.86
Table 4. Comparison by Reinforcement
. Yielding of rebar . Maximum .
Specimens - Increase (kN) Ratio (%) - Increase (kN) Ratio (%)
Load (kN) Dis. (mm) Load (kN) Dis. (mm)
NO 106.56 12.44 - 124.90 32.74 - -
NI10 168.51 10.83 61.95 58.14 179.18 26.16 54.28 43.46
N20 229.32 15.92 60.81 36.09 238.62 21.33 59.44 33.17
C0 119.15 12.39 - - 158.48 100.69 - -
C10 193.37 14.44 74.22 62.29 202.36 31.16 43.88 27.69
C20 231.43 15.62 38.06 19.68 246.15 20.86 43.79 10.31
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Specimen Final Failure Mode Flexural Crack Range (mm) Compression Destruction Range (mm)
NO Bending 130 45
C0 Bending + Sheet Fracture - -
N10 Bending 70 70
C10 Bending + Sheet Fracture - -
N20 Bending 45 90
C20 Bending + Sheet Fracture - -
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Table 6. Deflection per 10 mm of All Specimens
Deflection (mm)
Displacement (mm)
NO Co NI10 C10 N20 C20
10 5.47 4.25 7.63 4.06 4.04 3.80
20 15.33 14.55 18.05 13.47 12.84 13.02
30 25.69 24.84 28.69 23.93 24.80 24.16
40 35.86 35.80 39.59 34.34 36.93 36.10
50 47.25 47.11 50.72 4481 48.58 48.85
60 59.48 58.15 62.10 5591 63.04 61.60
70 71.25 69.09 72.96 67.32
80 83.93 80.01 84.79 78.12
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