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Characteristics of Shear Behavior of Reinforced Concrete Beams Strengthened with
Near Surface Mounted CFRP Strips
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Abstract

Tests and analyses were performed in this study to assess the shear strength of Reinforced Concrete (RC) members
strengthened by the Near Surface Mounted(NSM) technique in shear, which is drawing attention as an alternative to the
Carbon Fiber Reinforced Polymer (CFRP) bonding strengthening technique. Four—point bending tests were performed on 7
RC specimens without any shear reinforcement. The test variables such as the inclination of CFRP strip (45 degrees and
90 degrees), and the spacing of CFRP strip (250mm, 200mm, 150mm, 100mm) were considered. Through the testing
scenarios, the effect of each test variable on the failure mode and the shear strength of the RC members strengthened by
the NSM technique in shear were assessed. The test results show that the specimens with CFRP strips at 45 degrees go
to failure as a result of the strip fracture, but the specimens with CFRP strips at 90 degrees go to failure as a result of
the slip of strips. Strips at 45 degrees was the more effective than strips at 90 degrees, not only in terms of increasing
beam shear resistance but also in assuring larger deformation capacity at beam failure. In addition, the RBSN analysis
appropriately predicted the crack formation and the load—displacement response of the RC members strengthened by the
NSM technique in shear.
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Table 1 Shear Modulus of Masonry

Table 2 Mechanical properties of steel

Bar size Es Tensile strength Yield strength
(MPa) (MPa) (MPa)
D10 - 651 571
— 2X10
D22 646 511

Table 3 Mechanical properties of CFRP

Modulus of Ultimate Ultimate z
elasticity strength strain
(MPa) (MPa) (%)
S &P Laminate
(150/2000) 165,000 2,700~3,000 14

Table 4 Mechanical properties of epoxy

Compressive |Flexural strength|Bonding strength
strength (MPa) (MPa) (MPa)

Epoxy resin 220 80.3 42.2 3.0

Design strength | Slump Air content | W/C S/a AD
(MPa) (cm) (%) (%) (%) (%)

27.0 15.0£2.5 45*1.5 45.2 45.3 0.1

W: Water, C: Cement, S: Sand, G: Gravel, AD: Admixture

Fig. 1 CFRP strip
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Table 5 Test programs

Specimens Beam length Shear span to FRP Dimension of RC Spacing of CFRP Angle of
P (mm) depth ratio (a/d) beam b *h (mm) strip (mm) CFRP strip (°)
Control - - -
NS—AV-10 CFRP 100 90
NS—AV-15 CFRP 150 90
NS—AV-20 3,000 2.82 CFRP 250%400 200 90
NS—AV-25 CFRP 250 90
NS—-AD-15 CFRP 150 45
NS—AD—-25 CFRP 250 45
NS—AV-15 !
(OR®) Wy []
e S G
: A= =90° =45°
@ BAZEE (AV=90°, AD=45°) (caw sy
(]
@ : B (25=250mm, 20=200mm, 15=150mm, 10=100mm) /
p/2 p/2 Side B(Strong Side)
Side A(Test Side)] CL | 21 stirrups D10 D10
‘ @50mm
A B 2-D22
7 O(:
S S
‘ =
; : ‘ 4-D22
ZOd) 1000 ‘ 600 ‘ 1000 jZO E&ﬁ
3000

Fig. 2 Specimen geometry (unit:mm)
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Fig. 3 Test setup
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Fig. 4 Location of strain gauge (unit:mm)
Table 6 Results of shear test
. P v V.-V, . V.=V, con) Vo 6 J, (8, =6, con)/d, ¢ )
u u u u, Con u u, Con u, u u,Con u,Con F l
Specimens N kN (N %) (m) %) ailure mode
Control 206.6 103.30 - - 4.64 - Shear
NS—AV-10 386.2 193.10 89.8 86.93 11.62 150.4 Shear
NS—AV-15 381.1 190.55 87.25 84.46 11.34 144.4 Shear
NS—-AV-20 320.9 160.45 57.15 55.32 9.48 104.3 Shear
NS—-AV-25 256.1 128.05 24.75 28.32 7.22 55.6 Shear
NS—-AD-15 461.9 230.95 127.65 123.57 17.32 273.3 Flexural
NS—AD-25 437.8 218.90 115.6 119.91 14.09 203.4 Flexural—shear
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Fig. 6 Comparison of load—displacement curves with respect to spacing of CFRP strips
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Fig. 7 Comparison of load—displacement curves with respect to angle of CFRP strips
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