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Abstract: The bond behavior is the basis of collaboration between GFRP/steel wire composite rebar and
concrete, and the bond-slip constitutive model is the overall reflection of bond behavior of GFRP/steel wire
composite rebar embedded in concrete. Thus, the research on the constitutive model of bond-slip relationship
between GFRP/steel wire composite rebar and concrete has theoretical and practical value in the performance
analysis, design theory and engineering application of concrete structures reinforced with GFRP/steel wire
composite rebars. In this study, 180 pull-out specimens were tested to investigate the effect of rebar rib spacing,
rebar diameter, embedded length, concrete compressive strength, concrete cover thickness, and concrete cast
depth on bond behavior, and the bond-slip curves were obtained for each specimen. Based on the existing
bond-slip constitutive models worldwidely, one new bond-slip constitutive model was proposed according to the
analysis of bond failure, bond-slip mechanism, and loading process of GFRP/steel wire composite rebar. The
newly built bond-slip constitutive model was compared with the test results and existing bond-slip models. It is
explicit in physical concept and simple in form, and fits the whole loading process of GFRP ribbed rebar and the
test results well.
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Table 1  Test results of pull-out specimens

ENEE TR f T 7, S, LE7NT SN
8@8-30-0-5 27.40 19.9 19.79 0.97 P
8@12-30-0-5  27.40 17.88 17.79 1.48 P
8@16-30-0-5  27.40 14.34 14.26 1.84 P

8-20-0-5 19.85 17.35 17.26 1.74 P

8-20-0-10 19.85 28.79 14.32 2.61 P

8-20-0-15 19.85 37.32 12.37 2.05 R

8-20-0-20 19.85 38.83 9.66 1.65 R

8-20-0-25 19.85 36.10 7.18 1.72 R

8-20-0-30 19.85 38.74 6.42 141 R

10-20-0-5 19.85 18.55 11.81 3.19 P
10-20-0-10 19.85 32.80 10.44 3.85 P
10-20-0-15 19.85 46.07 9.78 0.52 R
10-20-0-20 19.85 47.39 7.54 0.46 R
10-20-0-25 19.85 47.19 6.01 0.67 R

10-30-0-5 26.05 21.84 13.90 2.65 P
10-30-0-10 26.05 38.45 12.24 3.33 P
10-30-0-15 26.05 43.75 9.28 0.45 R
10-30-0-20 26.05 51.06 8.13 0.63 R
10-30-0-25 26.05 48.4 6.16 0.52 R

10-40-0-5 35.43 26.21 16.69 1.78 P
10-40-0-10 35.43 44.96 1431 2.88 P
10-40-0-15 35.43 48.94 10.39 0.38 R
10-40-0-20 35.43 44.66 7.11 0.42 R
10-40-0-25 35.43 45.80 5.83 0.91 R

12-30-0-5 26.05 29.72 13.14 3.59 P
12-30-0-10 26.05 52.10 11.52 1.10 R
12-30-0-15 26.05 61.68 9.09 0.94 R
12-30-0-20 26.05 56.38 6.23 0.65 R

14-40-0-5 35.43 37.54 12.19 0.82 S

S

[ENERI RS f T, 7 Sy 2N SN
14-40-0-5 35.43 37.54 12.19 0.82 S
14-40-0-10 35.43 66.59 10.81 0.70 R
14-40-0-15 35.43 74.33 8.05 0.76 R
8-20-1-5 19.85 13.21 13.14 0.76 S
8-20-2-5 19.85 15.98 15.90 0.76 S
8-20-3-5 19.85 16.29 16.20 1.16 S
10-20-1-5 19.85 14.33 9.12 0.41 S
10-20-2-5 19.85 16.91 10.77 0.64 S
10-20-3-5 19.85 17.92 11.41 0.95 S
10-30-1-5 26.05 17.76 1131 0.51 S
10-30-2-5 26.05 18.80 11.97 0.46 S
10-30-3-5 26.05 20.58 13.10 0.53 S
10-40-1-5 35.43 13.79 8.78 0.49 S
10-40-2-5 35.43 22.00 14.01 0.63 S
10-40-3-5 3543 23.29 14.83 1.25 S
12-30-1-5 26.05 17.92 7.92 0.43 S
12-30-2-5 26.05 21.71 9.60 0.42 S
12-30-3-5 26.05 28.07 12.41 0.74 S
14-40-1-5 35.43 23.15 7.52 0.67 S
14-40-2-5 35.43 33.67 10.94 0.49 S
8-20-5-T 19.85 12.56 12.49 1.61 P
8-20-5-B 19.85 19.34 19.24 0.96 P
10-20-5-T 19.85 14.87 9.47 2.17 P
10-20-5-B 19.85 21.30 13.56 1.34 P
10-30-5-T 26.05 19.12 12.17 2.81 P
10-30-5-B 26.05 25.27 16.09 1.02 P
10-40-5-T 35.43 17.23 10.97 2.96 P
10-40-5-B 35.43 27.38 17.43 131 P
12-30-5-T 26.05 22.10 9.77 2.71 P
12-30-5-B 26.05 33.74 14.92 1.50 P
14-40-5-T 35.43 29.00 9.42 3.48 P
14-40-5-B 35.43 43.57 14.15 2.57 P
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Fig.5 Typical failure characteristics of specimens
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Table 2 Test value and fitting value of parameters
B0 Hdhs ZHWAH
ENEE TR A B Cri
7, IMPa s, /mm 7, IMPa S, /mm 73 /MPa s; /mm g g : @ ?
8@8-30-0-5 9.95 0.02 19.79 0.97 9.57 3.88 0.2568  0.1939  3.9665 0.0813  0.6742  9.0155
8@12-30-0-5 8.08 0.03 17.79 1.48 5.22 1510 02974 0.0830 59603 04137 04787  7.2468
8-20-0-5 3.48 0.04 17.26 1.74 6.86 7.95 0.2648  0.1699  2.3289  0.0779  1.0003  5.5082
8-20-0-10 0.99 0.03 14.32 2.61 4.77 1027 03650 02164 09735 0.0353  0.6479  7.8684
10-20-0-5 1.91 0.03 11.81 3.19 3.98 8.67 0.2271  0.4033 13574 0.0936  0.8181  2.7970
10-20-0-10 1.11 0.05 10.44 3.85 4.17 1247 04815 02776 08153 0.0196 0.7139  5.3624
10-30-0-5 2.55 0.08 13.9 2.65 4.46 9.33 0.2578  0.2820  1.0047  0.0328  0.7843  5.2724
10-30-0-10 0.72 0.04 12.24 3.33 4.10 9.83 0.4086  0.3796  0.9208  0.0550  0.7879  3.5099
10-40-0-5 2.23 0.06 16.69 1.78 8.40 7.24 0.3727 01812 15036 0.1267  0.7297  4.6235
10-40-0-10 0.64 0.06 14.31 2.88 6.30 8.29 0.2298  0.3150  1.2040  0.0745 05795  4.1251
12-30-0-5 1.45 0.06 13.14 3.59 5.22 9.64 0.1980  0.3517 14057 0.0613 0.7602  3.8570
8-20-5-T 3.98 0.04 12.49 1.61 4.58 5.36 0.3958 0.3285  1.6489  0.0322  0.6876  8.1092
8-20-5-B 6.96 0.04 19.24 0.96 6.57 4.72 0.2271 01742 21759 00413 05867  9.5451
10-20-5-T 3.82 0.04 9.47 2.17 357 7.11 0.2271 03004 1.5388 0.0789  0.8517  2.9014
10-20-5-B 6.37 0.04 13.56 1.34 4.90 8.00 0.1765 0.1318 14279 00451 0.8785  4.8185
10-30-5-T 2.86 0.05 12.17 2.81 3.88 7.79 0.2646  0.4065 1.0042 0.0196 0.9046  7.5317
10-30-5-B 3.82 0.04 16.09 1.02 5.73 8.43 0.1102  0.0914  2.2119  0.0800  0.7729  4.9030
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7, /MPa s, /mm 7,/MPa s,/mm  7;/MPa  S;/mm
10-40-5-T 3.82 0.02 10.97 2.96 3.63 7.58 04520 0.4560 0.9163 0.0178 0.8352  6.0744
10-40-5-B 5.09 0.02 17.43 1.31 5.16 8.33 0.1349  0.1440 2.0957 0.0720 0.7155  4.5542
12-30-5-T 2.23 0.09 9.77 2.71 3.63 8.67 0.3054 02975 0.7566  0.0147  0.8217  7.5931
12-30-5-B 354 0.05 14.92 1.50 4.47 9.49 0.3828 0.1335  1.2724  0.0285 0.7966  5.5262
14-40-5-T 1.90 0.03 9.42 3.48 3.48 9.19 0.3542  0.3904 0.8774 0.0428 0.7561  4.7986
14-40-5-B 211 0.03 14.15 257 6.20 9.52 0.2909  0.2096  1.0307 0.0913  0.8159  4.4746
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