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An Experimental Study of Flexural Strengthening Method of
Reinforced Concrete Beams with Near Surface Mounted CFRP Strips

ABSTRACT : The purpose of this study is to establish the flexural strengthening method of the concrete members. To
accomplish this objective, a total of seven concrete beams were tested. From this study, it is found that the initial flexural stiffness
and strength of the beams reinforced with NSM CFRP strips were significantly improved compared to the beam without CFRP
strip. Failure of the beam reinforced with NSM strips is initiated by failure of NSM strips, eventually sudden explosive
compressive failure in the loaded region. This strengthening method combined with NSM CFRP strips and high performance
mortar for concrete cover recovery is evaluated by a good strengthening method for the strength, durability and good appearance
of concrete structures.

Key words : Near surface mounted(NSM), Exterior bonded reinforcement(EBR), Load-displacement behavior, Failure modes
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Table 1. Test specimens and test variables

CFRP strip Concrete
Specimens i Cover
" %),gi S?;‘;;lf)lg No. | At type Mortar Type
CONTROL - - - - -
NSMI-N NSM - 1 Concrete -
NSM2-N NSM - 2 Concrete -
NSMI-E(A) NSM - 1 Epoxy A
NSMI1-E(B) NSM - 1 Epoxy B
NSM2-E(A) NSM 100 2 Epoxy A
NSM2-E(B) NSM 100 2 Epoxy B

Table 2. Characteristics of used CFRP strips

Density Tensile Strength|Modulus of Elasticity|Elongation at Break
(N/mm) (N/mm’) (%)
1.6 2800 165,000 16.9
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Fig. 1. Reinforcement details for test specimens
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Fig. 4. CFRP strip configuration and sensors
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Fig. 5. Load-deflection curves for the NSM-N beam series

Table 3. Summary of test results

CFRP Strip
. : - Load Increase
Specimens Cracking Ultimate Ratio (%)
Strength (kN) | Strength (kN)

CONTROL 30.0 120.0 -
NSMI-N 34.0 120.4 -
NSM2-N 32.0 132.5 -
NSMI-E(A) 37.0 170.3 419
NSMI1-E(B) 37.0 178.2 48.5
NSM2-E(A) 45.0 224.5 87.1
NSM2-E(B) 47.0 218.7 823
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Table 4. summary of mesured strains in NSM CFRP srtips

Specimens NSM Strips
Mid* (ue) 1/3* (pe)

CONTROL

NSMI-N 1,700 1,470

NSM2-N 2,100 2,300
NSMI-E(A) 16,000 15,000
NSMI-E(B) 14,800 13,200
NSM2-E(A) 15,500 16,120
NSM2-E(B) 16,200 16,100

Mid. : Strain at midpoint from support
1/3 : Strain at a third point from support
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Fig. 9. Failure of the beam of NSM2-E(A)
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