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Flexural Behavior of Reinforced Concrete Beams
Strengthened by CFRP Plates
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ABSTRACT

This paper focuses on the flexural behavior of RC beams extemally reinforced using Carbon Fiber
Reinforced Plastics plates (CFRP). A non-linear finite element (FE) analysis is proposed in order to
complete the experimental analysis of the flexural behaviour of the beams. This paper is a part of a
complete program aiming to set up design formulate to predict the strength of CFRP strengthened
beams, particularly when premature failure through plates-end shear or concrete cover delamination
occurs.

An elasto-plastic behaviour is assumed for reinforced concrete and interface elements are used to
model the bond and slip.

Keywords : CFRP, finite element analysis, bond and slip, delamination, flexural behavior
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E 1 Properties of concrete ¥ 2 Properties of CFRP
Compressive Tensile Strength | Young's modulus Thick Tensile Strength | Young's Modulus
Strength(MPa) (MPa) (MPa) (mm) (MPa) (MPa)
207 2.2 2.16x10° 13 2891 1.73x10°
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22! 1 Details of tested beams (unit : mm)
E 3 Details of tested beams
Beam strengthening layer bon?cr;)\lr)idth Bon(c?%gatio ) Borl?crllt]a)n gth Note
SBC - - - - - Control beam
SBF1-B1 1 5 60 180 Bond length
SBF1-B2 1 5 90 270 Bond length
SBF2-BI ggf‘ep 2 5 60 180 layer
SBF2-B2 2 5 90 270 layer
SBW2-B1 1 10 60 180 Bond width
SBW2-B2 1 10 90 270 Bond width
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Concrete : Plane stress elements Steel : Embedded bar elements
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CFRP : Plane stress elements Adhesive ! Interface elements
a3 2 Plane stress, embedded bar, and interface élements of the finite element mesh (B2)
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I 4 Results of tested beams

Beam Yle(ldel)o ad mtir?ﬁ;% load Mode of Failure
SBC 355 421 Flexural
SBF1-B1 495 64.2 Plate peel-off
SBF1-B2 496 60.5 Plate peel-off
SBF2-B1 - 55.7 Ripping -off
SBF2-B2 60.1 73.7 Plate peel-off
SBW2-B1 64.4 74.3 Ripping-off
SBW2-B2 63.2 929 Plate peel-off
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Deflection (mm)

13 3 Relation of load-deflection
(SBF1-B1, SBF2-B1, SBW2-B1)

30 20
Defection (mm)

23 4 Relation of load-deflection

(SBF1-B2, SBF2-B2, SBW2-B2)
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