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Abstract ; This paper presents a new simple two-dimensional frame finite element able to accurately estimate the
load-carrying capacity of reinforced concrete beams flexurally strengthened externally bonded fiber reinforced polymer
(FRP) strips and plates. The proposed analysis model considers distributed plasticity with layer-discretization of the
cross-sections and the bond-slip behavior of epoxy layer. The proposed model is used to predict the load-carrying
capacity and the applied load-midspan deflection response of RC beams subjected to bending loading. Numerical simu-
lations and experimental measurements are compared based on numerous tests available in the literature and published
by different authors. The numerically simulated response agree remarkably well with the corresponding experimental
results. Thus, the proposed model is suitable for efficient and accurate modeling and analysis of flexural strengthen-
ing of RC beams with externally bonded FRP sheets/plates and for practical use in design-oriented parametric studies.
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Fig. 1. Proposed analysis model.
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Fig. 2. Concrete material model.
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Table 1. Surface bonding strengthening method

Specimen size FRP Properties
Authors D - - Num. of layers
Shear span| width Height ¥ by Ef & of strips
{mm) (mm) (mum) {mm) (mm) (GPa) (mm/mm)
8 u.1.0m 390 100 100 0.80 67 m 0.0123 1 strip
Garden et al. 1u4.5.2bar 1625 145 230 1.30 90 115 0.0108 1 strip
. B2-12D-IL1S 1 layer
Esfahania et al.” | B3-12D-2L15 600 130 200 0.18 150 237 (.0120 2 Jayers
B4-12D-3L15 3 layers
10 NFCB1 1 strip
Yang et al, NFCW2 1200 200 300 1.30 50 173 0.0136 2 strips
SI-EBR L 1.40 9.6 159 0.0170 1 strip
SI1-EBR M 0.11 80 240 0.0150 i layer
. n S2-EBR L 1.40 9.6 159 0.0170 2 strips
Baros et al ™ | G pprwm | 0 120 170 011 80 20 | 00150 2 layers
83-EBR L 140 95 159 0.0170 3 strips
$3-EBR M .11 80 240 4.0150 3 layers
g 5 MO-Ii1 1200 400 220 1.40 50 165 0.0120 1 strip
S5-PRE] 1 layer
Shahavvy et al'” | S6-PRE3 1067 203 305 0.17 230 141 0.0195 2 layers
S6-PRES 3 layers
Table 2, End~anchorage strengthening method
Specimen size FRP Properties
Authors D - - Num. of layers
Shear span| width Height I by Ef & or strips
(mm) (mm) (mm) (mm) (mm) (GPa) | (mm/mm)
B6 100 1 layer
B7 600 150 200 0.18 150 237 0.0120 1 layer
R N B8 150 2 layers
Esfahania et al.
B10 196 1 layer
B11 600 150 200 0.18 150 237 (.0120 1 layer
B12 150 2 layers
- ) 2u.1.0m 1 strip
Garden et al. Tul.0m 390 100 100 0.8 67 111 0.0123 1 strip
0 PFCUI-0R 1 strip
Yang et al, PFCRI-0R 1200 200 300 13 50 173 0.0136 { strip
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Fig. 6. Comparison of maximum load(surface bonding method).
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Table 3. Prestressing strengthening method

Beam size FRP Properties .
Authors D - - Prestressing
Shear span| width Height t by E; & level (%)
(mm) (mm) (mm) (mm) (mm) (GPa) | (mm/mm)
4p.1.0 m 25
5p.1.0 m 390 100 100 0.8 67 111 0.0123 25
6p.1.0 m 50
Garden et al” | 2p452 bar 25
3p.4.5.3 bar 25
4p4.53 bar 1625 145 230 13 90 115 0.0107 40
5p.4.5.3 bar 50
PFCUI-2R 20 (Unbonded)
PFCU1-4R 40 (Unbonded)
PFCUI-6R 60 (Unbonded)
10) PFCBI-2R 20
Yang et al. PFCBI-4R 1200 200 300 1.3 50 173 0.0136 %0
PFCB1-6R 60
PFCU1-4L 60 (Unbonded)
PFCUI1-6L 60 (Unbonded)
M4-111 333
M6-I11 50.0
M8-IIT 66.6
M4-] 333
M6-1 50.0
M8-I 66.6
Mé-II 50.0
M8-II 66.6
5 =12 Mé-1IV 50.0
&5 MS-IV 1200 400 220 1.4 50 165 0.0120 66.6
L6-II1 50.0
L8-III 66.6
Hé-1II 50.0
H8-HI 66.6
U7l 583
U7-It 583
U7-11 583
U7-Iv 583
PC-1 950 150 250 1.4 50 150 0.0167 42.1
Xue ot al'® PC-2 44.1
. PC-3 50.6
PC-4 950 150 250 1.4 20 150 0.0167 315
PC-5 43.5
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