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Abstract; Carbon fiber-reinforced polymer (CFRP) has been widely used in structural strengthening due to
its light weight, high strength and anti-corrosion. Specifically, in strengthening RC beams, various
strengthening techniques, such as external bonding, near-surface mounting and prestressing, have been de-
veloped so far. However, due to the brittle nature of the CFRP material and the interface of concrete bond-
ed with CFRP plates, strengthened beams used to exhibit brittle failure at low ductility. Therefore, a novel
strengthening method with high ductility and prestressed CFRP plates was proposed based on previous find-
ings on the mid-span-supported strengthening technique by changing the mid-span deviators to elastic-plas-
tic devices. The effectiveness of the proposed strengthening method was verified by finite element analysis.
The finding indicated the new method could maintain the CFRP at a high stress level and increase the ulti-
mate deflection up to 137% in limited loss of ultimate strength. The results could be reference to further de-
velopment of structural strengthening methods.
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Fig.1 Strengthening RC beams with prestressed CFRP plates

supported under mid-spans of beams
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Fig.2 The reinforcement method of ductility
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Fig.3 Dimensions of tested beams
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Table 1 Property indexes of rebars

HA&/mm Ji I BE £,/ MPa MR BE £,/ MPa
8 509. 6 601.6
12 435.2 608. 4
18 466.0 657.8
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Fig.5 Finite element models
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Fig. 6 Constitutive models of concrete
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Fig.7 Constitutive models of steel bars and CFRP plates
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Fig.8 Relations of bond slip between rebars and concrete
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Fig.9 The model of bond slip between rebars and concrete
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Fig. 10 Load-deflection curves of beams
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Table 2 Simulation results of tested and simulated beams

- WA 3K P, /KN W 5, /mm CFRP 4 B B4z 7 22 /1077

ik 5 AR 22/ % ik 55 HRRT T 22/ % RN ARt W2/ %
BO 114. 6 115.6 +1.0 100. 8 106. 2 +5.3
Bl 167.9 152. 1 -9.4 63.6 12.5 -80.3 6. 603 6.730 +1.9
B2 162. 9 170. 9 +4.9 18.0 18.3 +1.6 7.967 8. 020 +0.6
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Fig. 11 Strain development of CFRP plates
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Fig. 12 Contours of equivalent plastic strain of beams reinforced with

prestressed CFRP plates supported under mid-spans of beams
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Fig. 13 Force analysis of supported rigid beams
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Fig. 14 Force-displacement relations of elastoplastic mechanisms

with different yield displacements
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different stiffnesses
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Fig. 16 Force-displacement relations of elastic-plastic mechanisms

with different yield forces
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Fig. 17 Load-deflection curves of beams reinforced with elasoplastic

mechanisms with different yield forces
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Table 3 Results of beams B1 with elasoplastic mechanisms of different yield forces

. e l‘&ﬁﬁ_ - e lﬁ;;%&_ _ CFRP Ht BR 7 g
R po /KN Pmax ™ PBi,rigid % 5, /mm max B1,rigid /% £ /MPa
P max Oh1 max I
B1-HIl 183.3 0 44.9 0 2 000
B1-1 200 165.8 -9.5 106.5 137 2 000
B1-1 400 167.3 -8.7 97.7 117 2 000
B1-1 600 172.5 -5.9 90.2 100 2 000
B1-1 800 175.8 -4.0 77.8 73 2 000

Pt vigia 23 B1 RIVEIN S B BRAT 25 8y, a0 BI WIPE I B AR BRGEZ

x4 BAAIRE MRS 58 VLR 15 5 B2 4 R

Table 4 Results of beam B2 with different elasoplastic mechanisms of different yield forces

o s "Ef"T Ll —— HRRE CFRP 4 B )
ES p /KN max B2, rigid /% 5. /mm max B2, rigid /% £ /MPa
P max 51 max :
B2 203.2 0 45.9 0 2 000
B2-1 200 181.9 -10. 4 98.3 114 2 000
B2-1 400 182.9 -9.9 92.2 100 2 000
B2-1 600 192.6 -5.2 79.5 73 2 000
B2-1 800 194. 4 -4.3 74.9 63 2 000
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e BIR AR 25 7T 59 28 P AL A o 1] 52 1) 2R 4 = N

18 T/ .
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Fig. 18 Contours of equivalent elastic strain of beams reinforced with elasoplastic mechanisms with different yield forces in ultimate states
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