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Behavior and Ductility of Reinforced Concrete Beams Strengthened by CFRP
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ABSTRACT In the recent construction industry, FRP is highly interesting in strengthening members of structures because
it has superior material properties. This paper is an experimental study on the structural behavior of reinforced concrete
beam when in using various amount of CFRP and the ductility of beams using various type of CFRP. In the experiment,
when it makes an experiment using various amount of CFRP, strengthening width is more efficient than strengthening layer.
The failure of CFRP strengthened beams presented brittle modes with having flexural failures. Also, It represented that
most of beams classify brittle failure in the side of energy ratio. Energy ratio of CFRP sheet comparing with CFRP plate
exceeds overall 50% and it represents about 70% in case of beams without strengthening layer.
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Fig. 1 Shape of specimens and detail drawing

Table 1 Name of specimen and variables
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Table 2 Material properties of concrete
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Specified concrete Compression Modulus
strength (MPa) strength (MPa) | of elasticity (MPa)
24 25.7 2.16x10°

Specimens OfT(ng;p Detail Table 3 Material properties of steel

SNF - Standard specimen Type Yielg\;;r;ngt h Tensi(l&;t;)e ngth eli\;{[?gltl}lluz\ga)
SFP90-1 1 ply of strengthening layer 1o 4572 7663 > 01%10°
SFP90-2 Plate 2 plies of strengthening width a3 1662 6793 > 1I%10°
SFP90-3 2 plies of strengthening layer
SFP90-4 3 plies of strengthening layer Table 4 Material properties of CFRP
SFS90-1 1 ply of strengthening layer Tvpe Thickness | Tensile strength | Modulus of elasticity
SFS90-2 Gpocg |2 Plies of strengthening width P (mm) (MPa) (MPa) 5
SFS90-3 2 plies of strengthening layer Plate 1.2 2,942 1.47x10
SFS90-4 3 plies of strengthening layer Sheet 0.167 3,550 2.35%10°
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Table 5 Test results for experiment

Cracking load Yielding load Ultimate load Spalling load

Specimens Load Deflection Load Deflection Load Deflection Load Deflection

(kN) (mm) (kN) (mm) (kN) (mm) (kN) (mm)
SNF 18.0 1.0 46.0 6.9 55 22.1 - -

SFP90-1 19.0 1.2 66.0 7.6 - - 72.0 9.6

SFP90-2 22.0 0.9 95.0 10.1 - - 99.0 11.1

SFP90-3 22.0 1.0 85.0 8.6 - - 85.0 8.6

SFP90-4 24.0 0.8 83.0 10.2 - - 83.0 10.2

SFS90-1 19.0 1.0 52.0 7.1 60.0 174 57.0 23.1

SFS90-2 16.0 0.9 54.0 8.2 67.0 19.1 63.0 22.1

SFS90-3 18.0 1.0 56.0 9.5 62.0 12.1 62.0 12.1

SFS90-4 16.0 0.8 58.0 8.2 69.0 12.7 69.0 12.7
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Table 6 Ductility classification of beams

Specimens Energy ratio Classiﬁcatio_n_
(Ei/Ep of beam ductility
SNF 81.35% Ductile
SFP90-1 33.30% Brittle
SFP90-2 38.12% Brittle
SFP90-3 26.93% Brittle
SFP90-4 27.92% Brittle
SFS90-1 75.35% Ductile
SFS90-2 67.24% Brittle
SFS90-3 50.79% Brittle
SFS90-4 50.41% Brittle
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