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Evaluation of Behavior and Ductility of Reinforced Concrete Beams
Strengthened With AFRP
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Abstract

Due to its outstanding feature, FRP is used widely for the material of strengthening in
USA and Japan recently, and there have been active researches in korea as well. This study
evaluates the behavior and ductility of each structure experiment using EBR and NSMR
strengthening method with different AFRP types and strengthening area. There was the
biggest increase in the load when the strengthening area is expanded showing a brittle
aspect, and eventually the immature failure occurred. With regard to the methods, it is
found that the NSMR method is more effective to strengthen the structure, and the uneven

surface causes ductile failure.
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Table 1 Types of the test beams

. Strengthening .
Specimens Method Details
Control - Standard specimen
B EBR Aramid @ Even Surface
BESAL | piternally | Bond Width : 5 cm
-USA] Bonded Aramid : Uneven Surface

Reinforcement) | Bond Width : 5 cm

Aramid @ Even Surface
N-ESA1 Groove Width : 5 c¢cm
Groove Depth : 1 cm

NSMR Aramid : Uneven Surface
N-USA1 | (Near Surface | Groove Width : 5 c¢cm
Mounted Groove Depth © 1 cm

Reinforcement) | Aramid : Uneven Surface
Groove Width : 5 cm
Groove Depth : 1 ¢cm
2 Strips of Width Direction

N-USA2

Table 2 Naming of the Specimens

E - ES - A-1

Us -
S\rengthenmg » »
Details 1 or 2 : a number of Strip(s)
S\rengthemng s
Material A Aramid
Surface Shape ES : Even Surface

US : Uneven Surface

E : Externally Bonded Reinforcement
Method N : Near Surface Mounted Reinforcement
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Fig. 2 Summary of NSMR method
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Table 3 Material properties of Concrete

Specified concrete Compression Modulus of
strength strength elasticity
(MPa) (MPa) (MPa)
24 25.9 2.0x10*

Table 4 Material properties of Steel

Yield Strength Tensile Modul.u.s of
Type (MPa) strength elasticity
(MPa) (MPa)
HD10 455.0 636.0 1.95x10°
HD13 402.5 690.0 2.04x10°




2.2.3 Aramid A
B AFoA AF-E Aramid A= SAF] Aramid
strip= AHESIon Al5e] 8-S Table 59 2t}

2.2.4 Epoxy
2 AgoM ALd Epoxyt SAF] A& ARESIS)
om Mgl 442 Table 67 2t}

Table 5 Material properties of Aramid

Thickness | Width Tensile MOdum? of
Type (o) (mmm) strength elasticity
(MPa) (MPa)
Plate 1.4 50 | 1.47x10° | 7.56x10"
Table 6 Material properties of Epoxy
Applica| 4 ppo | Setting | Mixing Jo g
tion . time ratio
Name (min.at . .| usage
Temp 350) (hrs. (matrix: (ke/m)
(C) at 35C) | hardner)
Epoxy | 15~35 40 8 2:1 6
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Fig. 4 Strain gauge arrangement for AFRP plate
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Photo 1 Failure modes of specimens
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Fig. 5 Experimental load-deflection curves
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Table 7 Test results for experiment

. Cracking Yielding Ultimate
BeeaSItn Caleu Load Poue/ Deflection Dotre/ Load Poue/ Deflection Dotre/ Load Poue/ Deflection Detre/
Series lated Peont Deont Peont Deont Peont Deont
(kN) | (kN) | (%) (mm) (%) (kN) | (%) (mm) (%) (kN) | (%) (mm) (%)
Control | 39.1 | 21.6 - 0.49 - 79 - 5.3 - 91.1 - 23.94 -
E-ESA1 | 50.6 | 26.4 |122.2] 0.61 124.5 1 94.1 | 119.1 5.89 111.1 |104.6| 114.8 | 13.28 |-144.5
E-USA1 | 50.6 | 26.9 |124.5| 0.59 120.4 | 89.1 | 112.8 5.4 101.9 | 104 | 114.2 | 1559 |-134.9
N-ESA1 | 50.6 | 27.4 |126.9| 0.59 120.4 | 95.1 | 120.4 5.59 105.5 [107.3| 117.8 | 10.21 |-157.4
N-USA1 | 50.6 | 24.4 [113.0] 0.68 138.8 | 83.2 | 105.3 5.46 103.0 [110.2| 121.0 | 23.19 |-103.1
N-USA2 | 50.6 | 27.9 [129.2| 0.74 151.0 | 100 | 126.6 5.97 112.6 |142.8| 156.8 | 19.95 |-116.7
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Fig. 6 Comparison of strain curve with cracking pattern of
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Table 8 Ductility Index by Displacement Method

Yielding Ultimate
];ie;; Load D@Tﬂec Load Dgﬂec Ductility
Series tion tion Index
(kN) | (mm) | (kN) | (mm)

Control 79 5.3 91.1 | 23.94 4.52
E-ESA1 | 94.1 5.89 | 104.6 | 13.28 2.25
E-USA1 | 89.1 5.4 104 15.59 2.89
N-ESA1 | 95.1 559 | 107.3 | 10.21 1.83
N-USA1 | 83.2 | 5.46 | 110.2 | 23.19 4.25
N-USA2 | 100 597 | 142.8 | 19.95 3.34
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Table 9 Ductility Index by Energy Method

Test Beam Series S Erotal Eel Ein Energy rate | Ductility Index Evaluation
Control 1.81 |183.26| 22.98 | 160.28 87.46% 4.49 ductile failure
E-ESA1 1.94 |106.04| 28.25 | 77.79 73.36% 2.38 semi-ductile failure
E-USA1 1.97 | 127.08 | 27.40 | 99.67 78.44% 2.82 ductile failure
N-ESA1 2.07 78.19 | 27.81 | 50.38 64.44% 1.91 brittle failure
N-USA1 1.49 |198.00| 40.80 | 157.19 79.39% 2.93 ductile failure
N-USA2 1.52 | 204.20 | 66.88 | 137.31 67.25% 2.03 brittle failure
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