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ABSTRACT

This paper presents the flexural behavior and strengthening effect of reinforced concrete beams bonded with
carbon FRP plate. Parameters involved in this experimental study were plate bond length and sheet web anchorage
length. Test beams were strengthened with FRP plate on the soffit and anchored with FRP sheet on the web. In
general, strengthened beams with no web anchorage were failed by concrete cover failure along the longitudinal
reinforcement. On the other hand, strengthened beams with web anchorage were finally failed by delamination shear
failure within concrete after breaking of CFRP sheet wrapping around web. The ultimate load and deflection of
strengthened beams increased with an increased bond length of FRP plate. Also, the ultimate load and deflection
increased with an increased anchorage length of FRP sheet. Particularly, the strengthened beams with web anchorage
maintained high ultimate load resisting capacity until very large deflection. The shape of strain distribution of CFRP
plate along beam was very similar to that of bending moment diagram. Therefore, an assumption of constant shear
stress in shear span could be possible in the analysis of delamination shear stress of concrete. In the case of full
bond length, the ultimate resisting shear stress provided by concrete and FRP sheet increased with an increase of
web anchorage length. In the resisting shear force, a portion of the shear force was provided by FRP anchorage

sheet.

Keywords : strengthening, carbon FRP, bond length, web anchorage, concrete cover failure, delamination shear
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Fig. 1 Test beam set-up, dimensions, and gages
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Table 1 Details and parameters of test beams

Plate | Plate bond zﬂiﬁtor‘gges Reinforci
- length einforcing
Beam| | 1 length Ly | steel
b (mm)
FPO 0 0 0 Longitudinal
FPLI| 100 | 650+700+650 0 2D16
- (3.97 cm®)
FPL2 | 100 | 650+700+650 | 325+2sides | ) 31 o
FPL3| 100 |650+700+650 | 650+2sides
FPL4 | 100 |650+700+650 |1,000%2sides Szti%p
FPS1| 100 |350+700+350 0 (L3 o)
. cm
FPS2 | 100 | 350+700+350 | 350+2sides | 100 mm
FPS3| 100 |350+700+350 | 700%2sides | ©,=0.95 %
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Table 2 Failure mode and process of test beams
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Beam Failure process

Failure mode

FPO Steel vielding—crushing of top concrete

Tension failure

FPI.1 Steel vielding—ripping off of concrete cover—delamination of FRP plate| Ripping off of concrete cover

FPL2 Steel yielding—debonding of CFRP plate—tearing of FRP sheel

Debonding of FRP plate

FPL3 Steel yielding—debonding of CFRP plate—tearing of FRP sheet

Debonding of FRP plate

FP1A4 Steel yielding—debonding of CFRIP plate—tearing of FRI> sheet

Debonding of FRP plate

FPS1 Steel yielding—ripping off of concrete cover—delamination of FRP plate| Ripping off of concrete cover

FPS2 Steel yielding—debonding of CFRI’ plate—tearing of FRP sheet

Debonding of FRP plate

FPS3 Steel yielding—debonding of CFRI plate—tearing of FRP sheet

Debonding of FRP plate
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Tahle 3 Ultimate load, deflection, and deformability

Test At maximum load Deflection ratio
beam Load, tonf |Deflection, mm

FPO 7.443 9.416 1.000
FPL1 11577 12.570 1.335
FPL2 14.486 16.910 1.796
FPL3 16.829 20.392 2.166
FPLA 17629 22.635 2.404
FPS1 8.841 9.947 1.056
FPS?2 12.200 12.909 1.371
FPS3 12.808 13317 1414
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Table 4 Expected average ultimate shear stress

Beam| P M, a Trrp Tu | Vru
(tonf) | (tf¥m) | (cm) | (kgf) |(kgf/cm?)|(kgf/cm)
FPO | 7.443 | 2605 | 343 - -
FPL1 | 11577 | 4052 | 570 | 6,723 | 10.343 0
FPL2 | 14486 | 5070 | 740 | 11,771 | 18109 | 7766
FPL3| 16829 | 5890 | 888 | 16,185 | 24.900 | 72.78
FPL4 | 17629 | 6.170 | 942 | 17,779 | 27352 | 85.05
FPS1| 8841 | 3.094 | 421 | 2320 | 6.629 0
FPS2| 12200 | 4270 | 605 | 7,768 | 22194 | 77.83
FPS3| 12.808 | 4483 | 640 | 8808 | 25166 | 92.69
ZZ2l0|ef ERMEC| CFRPEISEZ BZE| RC Bo| & 8245

=
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Table 5 Tensile strength and strain of FRP plate

Expected Tested
Beam T Strain €| Strain € | Trre Tested/
FRP Expected
(kef) | (x10% | (x10°) | (keb)
FPL1 6,723 2.857 3.322 7817 1.16
FPL2 11,771 5.002 5.051 11,886 1.01
FPL3 16,185 6.877 6.933 16,317 1.01
FPL4 17,779 7.555 7.123 16,762 094
FPS1 2,320 0.986 1.371 3,226 1.39
FPS2 7,768 3301 2933 6,902 0.39
FPS3 8,808 3.743 3.338 7,855 0.89
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