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An Experimental Study on the Shear Behavior of RC Beams Strengthened with
Near Surface Mounted and Externally Bonded CFRP Strips

Dong-Hwan Lim"* and Yeong-Soon Kwon”

"Dept of Civil Engineering, Dongseo University, Busan 617-833, Korea
PJae Shin Construction, Ltd., Seoul 137-130, Korea

ABSTRACT The purpose of this study is to investigate the shear strengthening effectiveness of the beams strengthened with near
surface mounted (NSM) and external bonded (EB) CFRP strips. A total of nine concrete beams were made and tested. From this study,
it was found that the shear stiffness and strength of the beams strengthened with NSM and EB strips were significantly improved com-
pared to the control beam. Failure of the beam strengthened with NSM and EB strips was initiated by shear cracks, propagated diag-
onally to the adjacent epoxy grooves without crossing the epoxy and finally sudden diagonal crack connecting the point of application
of load and flexural crack was occurred. For the beam strengthened combined with NSM and EB CFRP strips, the tensile strains in
the NSM CFRP strips were observed in the range of 0.35% to 0.45% and strains with EB strips were measured about 0.3%.
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Table 1 Test specimens and test variables

CFRP strip
Specimens | Application |Spacing| Width
type (mm) | (mm)

Steel bars

Flexural| Stirrup

CONT - - - 2D16
SCF-12.5-NO EB 125 50 2D16
SCF-15-NO EB 150 50 2D16
SCF-25-NO EB 250 50 2D16
SCF-25-A EB 250 50 2D16 DI3@150
SCF-25-B EB 250 50 2D16 [D13@300

NSM-15-NO NSM 150 25 2D16
NER-15-NO | NSM+EB | 150 | 25+25 | 2D16
NER-25-B | NSM+EB | 250 |25+25 | 2D16 (D13@300
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Table 2 Characteristics of CFRP strips

Densit Tensile strength Modulus of Elongation at
ensty (N/mm?®) elasticity (N/mm®) | break (%o)
1.6 2,800 165,000 16.9
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Fig. 1 Reinforcement details of test specimens
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Fig. 3 Configuration of CFRP strips and sensors
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Fig. 4 Load-deflection curves of EB, NSM, and combined

strips
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Fig. 5 Load-deflection curves of specimens strengthened
with EBR strips
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Fig. 6 Load-deflection curves of the strengthened of SCF
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Table 3 Summary of test results

CFRP strip Shear
Specimens _ . strc?ngth Increase
Application| Spacing | Ultimate (%)
type (mm) (kN)
CONT - - 137.35 -
SCF-12.5-NO EB 125 253.21 84.3
SCF-15-NO EB 150 248.51 80.9
SCF-25-NO EB 250 223.62 62.8
SCF-25-A EB 250 366.78 167.04
SCF-25-B EB 250 362.73 164.09
NSM-15-NO NSM 150 320 132.98
NER-15-NO | NSM+EB 150 348 153.36
NER-25-B | NSM+EB 250 350 154.82
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Table 4 Comparisons of test results with analytical formulae

Calculated shear strength (kN) Shear strength ratio (%)
Specimen | Vo (RN) | /7 (RN) | By By BY | o | Vew | Vew | Yew | ¥
ACI fib Nanni / Vi Vo V. v
SCF-12.5-NO 126.6 115.9 105.9 1.09 1.2
SCF-15-NO 124.2 105.8 101.8 1.17 1.22
SCF-25-NO 111.8 85.7 92.6 1.31 1.21
SCF-25-A 183.4 173.8 180.8 1.05 1.01
SCF-25-B 181.4 129.8 136.7 1.4 1.33
NSM-15-NO 160 129.8 1.23
NER-15-NO 174 180.3 0.97
NER-25-B 175 160.1 1.09
A10_VL 29.1 19.8 1.4
A10 _IL 28.8 19.8 1.44
Al12_ VL 59.3 39.6 1.50
Al12 1L 72.9 554 1.32
B10_IL 23.2 17.3 1.3
B12 VL 31.8 19.9 1.61
B12_IL 36.4 35.6 1.02
Average 1.20 1.19 1.10 1.37

*Vi™® . experimental contribution of CFRP strips by Sena-Cruz & Barros
V{™ . analytical contribution of CFRP strips by Sena-Cruz & Barros
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