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Experimental study on the bonding performance of GFRP
ribbed bars and simplified constitutive model
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Abstract: To investigate the bond performance between glass fiber reinforced polymer (GFRP) ribbed bars and
concrete and improve the practicality of existing constitutive models, 14 sets of specimens were prepared for
beam-end tests, which aimed to explore the influences of concrete strength, thickness of cover, stirrup
configuration and the interaction between GFRP ribbed bars on the bond performance. The tests were
conducted using displacement-controlled loading; loading force, free end slip value, and loading end slip value
were recorded, the failure mode of the bond interface was observed, and a method for proposing a simplified
bond-slip constitutive model was proposed based on the test results. The results showed that the beam-end tests
mainly resulted in pull-out and splitting failures; the slip value of the bond-slip curve was related to the rib

spacing, and the peak spacing was essentially consistent with the rib spacing; concrete strength and
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configuration of stirrups would affect the failure mode and damage degree of the bond interface, thereby

affecting bond-slip performance; the increase in cover thickness had a beneficial effect on the bond-slip

performance within a certain range; the results of the second pull-out test showed that there was a mutual

influence on the bond performance of the GFRP ribbed bars in the specimens. The simplified bond-slip

constitutive model can accurately fit the test data and further enhance the practicality of the constitutive model.

Keywords: ribbed bars; beam-end test; bond-slip behavior; bond-slip constitutive model
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Table 1 Measured compressive strength of concrete cubes

WESY f/MPa  f.,/MPa  f..,/MPa Jo/MPa
€20 31.70 33.76 32.63 32.70
€40 41.26 40.47 42.41 41.38
€60 58. 68 54.72 62.09 58. 50
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Fig.1 GFRP ribbed bars
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Table 2 GFRP bar material properties and rib parameters

d/mm Ji/MPa E/GPa w/mm h/mm
10 817.1 56.4 10.4 1.2
14 757.2 54.1 11.1 1.1
18 592.5 48.6 10.9 2.2
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Fig. 2 Diagram of the specimens
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Fig.4 Force diagram of the beam-end test
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Table 3 Test results

G WAL ,/MPa ¢/MPa s,/mm  s/mm
20d10c25NL P 4.15 1.65 4.22 9.50
20d10c25NR P 2.56 1.08 3.43 8.00
20d10c35NL
20d10c¢35NR P 3.28 1.00 2.84 9.07
20d10c45NL P 5.40 1.56 2.80 8. 44
20d10c45NR P 3.21 1.13 2.61 8.52
20d10c25YL P 6.11 3.49 3.01 7.51
20d10c25YR P 3.98 1.12 3. 66 9.51
40d10c25NL P 6.02 2.24 2.17 8.04
40d10c25NR P 3.73 1.82 2.60 8.51
40d10c35NL P 7.11 2.22 2.02 9.01
40d10c35NR P 4.47 1.95 2.42 8.50
40d10c45NL P 6.67 3. 26 2.49 8.95
40d10c45NR P 4.93 1.17 3.82 8.50
40d10c25YL
40d10c25YR P 3.45 1.91 3.51 8.51
40d14c25NL P 5.43 2.23 4.00 9.00
40d14c25NR P 4.42 1.73 3.51 9.00
40d14c25YL P 6.01 2.71 4.00 9.52
40d14¢c25YR P 4.15 1.84 4.02 9. 50
40d18c25NL P 4.79 1.13 4.52 10. 51
40d18c25NR S 10. 06 3.40
40d18c25YL P 5.37 1.87 5.01 10.02
40d18c25YR S 11. 54 3.79
60d10c25NL P 8.12 3.05 4.50 13.00
60d10c25NR P 4.47 1.77 4.51 11.50
60d10c25YL P 9.50 5.08 4.50 12.50
60d10c25YR P 6.48 3.31 4.00 12.06
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Fig.5 Photo of specimen damage forms
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Table 4 Data table related to constitutive models

ETReS 2s5,/w 2(s,—s,)/w 7./t
20d10c25NL 0.81 1.02 0.40
20d10c25NR 0. 66 0. 88 0.42
20d10c35NR 0.55 1. 20 0. 30
20d10c45NL 0.54 1.08 0.29
20d10c45NR 0. 50 1.14 0.35
20d10c25YL 0.58 0. 87 0.57
20d10c25YR 0.70 1.13 0.28
40d10c25NL 0.42 1.13 0.37
40d10c25NR 0. 50 1.14 0.49
40d10c35NL 0.39 1.34 0.31
40d10c¢35NR 0.47 1.17 0.44
40d10c45NL 0.48 1.24 0.49
40d10c45NR 0.73 0. 90 0.24
40d10c¢25YR 0.68 0. 89 0.55
40d14c25NL 0.72 0.90 0.41
40d14c25NR 0.63 0.99 0.39
40d14c25YL 0.72 0.99 0.45
40d14c¢25YR 0.72 0.99 0.44
40d18c25NL 0.83 1.10 0.24
40d18c25YL 0.92 0.92 0.35
60d10c25NL 0.87 1.63 0.38
60d10c25NR 0.87 1.34 0.40
60d10c25YL 0. 87 1.54 0.53
60d10c25YR 0.77 1.55 0.51
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