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Performance of Reinforced Concrete Beams Strengthened with Bi-directional
CFRP Strips

Changhyuk Kim"™

Abstract: Researches on strengthening and rehabilitation are important since structural capacity is degraded by deterioration or damage of structural
members. An effective strengthening scheme such as an externally bonded Carbon Fiber Reinforced Polymers (CFRP) can improve the structural
performance of a concrete structure in a cost-effective way. Therefore, many experimental studies on strengthening methods have been widely carried
out. In regards to the shear strengthening of a concrete beam, variables of the experimental studies were the amount of CFRP, the angle of the strip,
the width of the strip, and the interaction between the materials. However, there are insufficient researches on bi-directional CFRP layout compared
to the previous researches. In this study, a total of ten concrete beams were designed and tested to evaluate the shear strengthening effect using CFRP
strips. The effectiveness of strengthening was investigated based on the shear contribution of materials, strain distribution of stirrup, and the maximum
shear capacity of specimens.
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Fig. 3 Location of LVDTs and strain gages for CFRP strips
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Table 2 Material properties
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Table 3 Test results

VA CI Vles/

Failure mode
(kN) (kN)

Vtest/ VAC[ gs.,max Sﬁmax

Shear-compressi
on

C-200 179 360  2.01  0.0147 -

U-200 235 473 2.01 0.0133 0.0075  Strip fracture

U-200R 235 519 221 0.0150 0.0101  Strip fracture
B-200 207 379 1.83  0.0137 0.0081  Strip fracture
B-200R 207 419 2.02  0.0109 0.0079  Strip fracture

Shear-compressi

C-100 226 356 1.57  0.0131 - on
U-100 282 560 1.99 0.0163 0.0127  Strip fracture
U-100R 282 581 2.06 0.0163 0.0126  Strip fracture

B-100 254 471 1.85
B-100R 254 496 1.95

0.0143 0.0102
0.0157 0.0104

Strip fracture

Strip fracture

(a) CFRP strip fracture

(b) shear failure

Fig. 4 Failure modes
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Table 4 Shear contribution of materials

VesestVeacr VsiesyVsact  Vies/Viacr  ViacVsact  ViiesViest

C-200 1.96 2.13 - - -

U-200 1.66 2.29 2.63 1.18 1.35
U-200R 1.17 233 4.60 1.18 232
B-200 1.62 222 2.14 0.59 0.57
B-200R 1.86 2.17 2.56 0.59 0.69
C-100 1.24 2.04 - - -

U-100 0.24 2.41 5.44 0.59 1.33
U-100R 0.48 2.07 5.81 0.59 1.65
B-100 0.89 2.41 4.60 0.29 0.56
B-100R 0.86 2.41 5.62 0.29 0.69
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Fig. 6 Stirrup strains of the test specimens
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Table S Increase of maximum shear force according to repairing point

0 a0 TS
U-200 235 473 R .
U-200R 235 519 46 9.8
B-200 207 379 - .
B-200R 207 419 41 107
U-100 282 560 - _
U-100R 282 581 21 38
B-100 254 471 - .
B-100R 254 496 25 5.4
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Fig. 7 Comparison of the yield and maximum strength
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