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Flexural Capacity of Concrete Beam Strengthened with Near-Surface Mounted
Carbon Fiber Reinforced Polymer
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Abstract

This study is to investigate the flexural performance of Near Surface Mounted INSM)
strengthening method using Fiber reinforced Polymer (FRP) materials to concrete —structures.
For this study, the inverse-shaped trapezoid CFRP composite material which has been
registered as New Excellent Technology (NET) 351 was adopted to the concrete structure. In
this study, two types of the CFRP types were considered; Type A (15x13x6mm) and Type B
(4x3x10mm) with different strengthening ratio. In the result of the test, it was proved that
NSM strengthened specimens had more flexural performance of 20-1009% than that of the
unstrengthened  specimen.  With this test result, the structural efficiency was investigated
based on the coefficient of ductility and coefficient of crack resistance.
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Fig. 1 The CFRP plate and strengthening type

Table 1 Material properties

Tensile | Compressive Elastic
Section strength strength modulus
(MPa) (MPa) (MPa)
Concrete - 40 2.3x10"
Steel 400 - 2.0x10°
The CFRP Plate 2,370 - 2.1x10°
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Fig. 2 Fabrication procedure of the strengthening specimen
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Table 2 Test variables

Specimens Strengthening No. of the CFRP Plate Strengthening ratio Strengthening length
1A25 1EA 0.0064
2A25 Type A 2EA 0.0075
3A25 3EA 0.0087
25 m
1B25 1EA 0.0057
2B25 Type B 2EA 0.0062
3B2.5 3EA 0.0066
P P
550
f 200 - 200
i
D 300
¥
40 - W i
T 50 wor—[ ] HON
NSM CFRP with
epoxy paste 2300

Fig. 3 Test setup
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Fig. 6 2A2.5 specimen

Fig. 5 1A2.5 specimen

Fig. 7 3A2.5 specimen
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Fig. 9 2B2.5 specimen
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Fig. 10 3B2.5 specimen
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Table 3 The summary of the test result
Specimens Strzgﬁf;s; *  Strengthening Yield load Deﬂ;‘;ﬁ“ " Ultimate load Delilliicr;lggs “ Failure
i ratio () (P, kN) (A, mm) (P,, kN) (A, mm) Mode
control - - 99.0 9.3 1055 216 Flexure
1A25 100 0.0014 1124 97 1530 276 Interfacial
debonding
2425 60 0.0028 1430 113 2020 2%.4 Interfacial
debonding
3A25 2 00042 1563 118 2122 278 Rip-off at the
end span
1B25 100 0.0006 1002 91 1342 26 Interfacial
debonding
9B25 80 00012 1160 99 1630 2%.7 Interfacial
debonding
3B25 45 0.0018 1201 96 181.6 283 Concrete
rip-off
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Eotal = Eelastic + E(:rnrk (2)
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where, E,,, = / P dA
0

= Total energy of external work
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Energy of elastic transformation

E....= Emitting energy at crack surface
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(a) Load-Displacement

(b) Total Work
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(c) Elastic Energy (d) Dissipated Energy
Complementary Energy in Failure
Fig. 15 Crack resistance energy based on the energy

theory
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where, IT, = Coefficient of crack resistance

Table 5 Coefficient of ductility and crack resistance

. Coefficient of Coefficient of crack
Specimen ductility (u) resistance(/7x)
CONTROL 1.28 0.36

1A25 1.22 0.31
2A25 1.16 0.25
3A25 1.19 0.28
1B25 1.27 0.35
2B25 1.20 0.29
3B25 1.19 0.28
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