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Characteristics of Flexuarl-Shear Behavior of Beam Using Demonstrated CFRP Rod

So-Yoeng Choi', Il-Sun Kim?, Myoung-Sung Choi’, Eun-Ik Yang"*

Abstract: Replacement of FRP rod as steel reinforcement has been attracted significantly to prevent the degradation of the concrete structure due
to corrosion. So, the technology development to extend the structure's service life by improving FRP properties has been proceeded worldwide.
Accordingly, it is necessary to develop Korea's CFRP rod and CFRP grid, including the manufacturing techniques to improve the properties of
high-strength and high-stiffness. Moreover, the research should be conducted to evaluate the structural behavior of the beams using the CFRP rod
or grid. This study investigates the flexural and shear behavior of reinforced concrete beam using demonstrated CFRP rod as reinforcement according
to the reinforcement ratio and shear span to depth ratio. From the results, when the reinforcement ratio is out of a specific range, it is seemed that the
effect on performance improvement of the beam using CFRP rod is cancelled or not significant. Meanwhile, when the CFRP rod was used as
reinforcement, the possibility of shear failure occurred, even steel stirrups were installed in the beam with CFRP rod as tensile reinforcement according
to the Korean Design Standard. Therefore, when the CFRP rod is used as tensile reinforcement in a beam, it should be prepared that a specific limitation
of reinforcement ratio and an investigation against shear failure. Also, the ductility of the beam using the CFRP rod is determined by the deformation
energy evaluation method. So, the ductility should be investigated by applying the deformation energy evaluation method that reflects the structural
behavior of the beam.

Keywords: CFRP rod reinforced beam, Deformation energy, Failure mode, Fleuxral-Shear behavior, Reinforcement ratio, Shear span to depth ratio
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Table 1 Mechanical properties of CFRP

Properties Tensile strength Elastic modulus ~ Diameter
P [MPa] [GPa] [mm]
CFRP 1,800 110 12.8
Table 2 Concrete mix proportions
W/B Unit weight [kg/m’]
o S/a
(%) w C S G
31.7 474 152 480 883 997

Table 3 Test variables for beam
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Specimen ID Type of reinforcement a/d  Number of reinforcement (py (p,), %)  p, (%) 1.4p, (%) p f/ P Designed fracture mode

S-2.5-3 Steel rebar 2.5 3 1.242 2.685 3.759 0.46 Tensile failure
C-2.5-2 CFRP rod 2.5 2 0.841 0.15 0.21 5.61

C-2.5-3 CFRP rod 2.5 3 1.261 0.15 0.21 8.41

C-2.5-4 CFRP rod 2.5 4 1.681 0.15 0.21 11.2 Concrete crushing
C-1.5-3 CFRP rod 1.5 3 1.261 0.15 0.21 8.41

C-3.5-3 CFRP rod 3.5 3 1.261 0.15 0.21 8.41

Notation) Specimen ID: reinforcement type(S: steel, C:CFRP)-a/d-number of reinforcement, p +(p, ): reinforcement ratio of CFRP(RC),

py: balanced reinforcement ratio, p f/ P reinforcement ratio of CFRP(RC)/balanced reinforcement ratio
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Fig. 1 Reinforcement details and cross section of beam
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Table 4 Comparison experimental results of beam

Table 5 Comparison energy of beam

Initial crack

Yielding point ~ Maximum point

Specimen point
ID P VA Py AY Py Ly

[kN] [mm)] [kN] [mm)] [kN] [mm)]

S-2.5-3 24.3 0.71 124.4 7.08 135.4 229

Energy Ductility Energy absorption
Specimen [at Ppax, KN-mm] Index [at Apax, KN-mm]
P Etmal Einel Ee] H L E E| Ez E
Hre E
S-2.5-3 2596 3.24 1.00 2873

C-2.5-2 1728 801 927 143 0.44 2126 1688 438 0.26
C-2.5-3 2027 671 1356 1.25 0.38 3873 1361 2512 1.85
C-2.5-4 2632 1232 1400 1.44 0.44 3207 1732 1475 0.85

C-2.5-2 22.0 0.67 142.7 215
C-2.5-3 153 0.48 179.1 19.9
C-2.54 222 0.63 1915 213
C-1.5-3 354 0.83 291.0 275
C-3.5-3 14.3 0.44 1336 254

C-1.5-3 5385 2453 2932 142 - 5400 5385 15 0.002
C-3.5-3 2408 1610 799 2.01 - 2790 818 1972 2.4l
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Fig. 3 Ductility index using area under the load-deflection curve
(Naaman and Jeong, 1995)
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Fig. 4 Energy absorption capacity (E, and E,) calculation (Goldston
et. al., 2016)
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(a) Specimen ID: S-2.5-3
P1 P1

Table 6 Characteristics of crack in pure bending zone of beam

Number Mean. crack  Area of concrete
Specimen ID of crack spacing crushing

[eal [mm] [mm’]
S-2.5-3 4 162.2 5928.8
C-2.5-2 4 130.0 905.0
C-2.5-3 3 221.9 -
C-2.5-4 3 204.4 -
C-1.5-3 9 80.2 259.5
C-3.5-3 2 100.0 1489.0

Table 7 Real failure mode of beam

(b) Specimen ID: C-2.5-2

Specimen ID  §-2.5-3 C-2.5-2 C-2.5-3 C-2.5-4 C-1.5-3 C-3.5-3

Failure mode F D D S.C S S.C

(¢) Specimen ID: C-2.5-3
P1 P1

1 B

(d) Specimen ID: C-2.5-4

(e) Specimen ID: C-1.5-3

Pt P

T

(f) Specimen ID: C-3.5-3

Fig. 7 Typical crack occurrence patterns

SHRPESTCHS X|B2| 253 =27 A263 M 5%(2022.10)

Notation) F: Flexural Tension Failure, D: Diagonal Tension Failure,
C: Concrete Crushing, S: Splitting Shear Failure,
S.C.: Shear Compression Failure
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