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Numerical Simulation and Calculation of Bond Performance

Between Deformed Bar and Concrete

Y1 Wei-jian, LUO Xian-ming
(College of Civil Engineering, Hunan University, Changsha 410082, Hunan, China)

Abstract: Several existing reinforced concrete bond-slip constitutive relationships were compared
and analyzed, and a continuous bond-slip constitutive relation with constraints condition was
selected. The component was divided into finite micro-segments along the anchorage length, and
the recursive and iterative numerical calculation method was used to make each small segment
meet the constitutive relationship, through repeated iterations, the reinforcement stress and bond
stress along the anchorage length met the boundary conditions, and the corresponding
reinforcement stress under each slip was obtained. It was convenient to calculate the load-
displacement response curve. In order to verify the correctness of the constitutive relation and the
rationality of the calculation method, several groups of experimental data were compared. The
calculation formula of anchorage length and the iterative calculation of anchorage length in
different codes were analyzed and compared. The results show that the calculation results are in

good agreement with the experimental data. Due to the continuity of the selected constitutive
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relation function, the iteration can converge stably, and due to the high efficiency, it is easy to

calculate the ultimate anchorage length of the reinforcement under given conditions. All the

calculation of anchorage length is safe, but the safety reserve of China is the lowest.

Key words: bond performance; bond-slip constitutive relation; recursion and iteration calculation;

anchorage length; mean bond strength
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Fig. 1 Short and Long Anchor Test
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Fig.2 Stress State of Rebar and Concrete
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Fig. 3 Recursive Iterative Method
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Fig. 4 Bilinear Constitutive Relationship of Bar
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i B /mm mm mm £ /MPa mm mm? S| FEE/kN h
kN W82 1
A-T 20 150 33.00 41. 84 40. 11 0.96
A-11 r 20 150 33.00 150. 0 50. 24 43.03 45, 26 1.05
A-11 2.0 20 150 33.00 100. 0 50. 24 49.13 50. 92 1.04
A-IV 20 150 33.00 70.0 50. 24 51.08 55.22 1. 08
B-1 20 150 33.00 44.93 46.63 1. 04
B-11 r 20 150 33.00 150. 0 50. 24 47, 82 54.00 1.13
B-1l 500 20 150 33.00 100. 0 50. 24 49. 83 57.06 1.15
B-IV 20 150 33.00 70.0 50. 24 61.02 62.00 1.02
kL 12]
C-1 20 150 33.00 47. 82 52.77 1.10
C-1I . 20 150 33.00 150. 0 50. 24 51.57 60.13 1.17
C-1 -0 20 150 33.00 100. 0 50. 24 64. 38 63. 81 0.99
C-IV 20 150 33.00 70.0 50. 24 61. 84 68. 10 1.10
D-1 20 150 33.00 84. 44 73.61 0. 87
D-1 20 150 33.00 150. 0 50. 24 87. 86 80. 99 0.92
D-1I -0 20 150 33.00 100. 0 50. 24 84. 89 84. 68 1. 00
D-IV 20 150 33.00 70.0 50. 24 88.32 88. 36 1. 00
A-1 44.0 12 120 25.10 47.08 36. 20 0.77
A-T1 44,0 12 120 30. 50 61.00 40. 00 0. 66
A-1I 44,0 12 120 33.90 58.42 42.00 0.72
BT 46. 0 8 80 27.80 19. 33 21.21 1. 10
B-1I 41.0 18 180 26. 80 51.25 62.62 1.22
B-1II 37.5 25 250 26.90 67.33 90. 00 1. 34
SCHRL15]
C-1 44,0 12 60 25. 20 27.13 19. 22 0.71
C-1I 44,0 12 180 24. 80 41.50 53.01 1.28
C-1I 44,0 12 240 26. 80 64.92 69.70 1. 07
C-IV 44,0 12 300 24,40 60. 00 71. 40 1.19
D-1 15.0 18 180 26. 20 80. 0 12.56 50. 50 45.72 0.91
D-1I 25.0 18 180 25. 60 80. 0 12. 56 67.58 53. 68 0.79
A-T 66.0 18 180 47,32 90. 78 90. 46 1. 00
A-11 66.0 18 180 54,27 106. 18 94. 43 0. 89
SCHRL16]
A-TM 66.0 18 180 67.42 117.51 105. 37 0.90
B-1 62.5 25 250 54. 27 183.41 176. 41 0. 96
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kN I B Z
C-1I 66.0 18 270 54.27 137. 54 137.17 1. 00
C-1I 66.0 18 350 54.27 152. 43 159. 17 1. 04
D-1 25.0 18 180 54.27 60.0 28.26 119. 04 85.30 0.72
D-1I 25.0 18 180 54,27 70.0 28. 26 92.43 80.51 0. 87
D-1II 35.0 18 180 54,27 70.0 28. 26 131. 60 112. 34 0. 85
D-IV 25.0 18 180 54,27 80.0 28. 26 121. 27 106. 43 0. 88
Cwik[16] CX-1 66.0 18 180 54.27 128. 38 100. 80 0.79
CX-1I 66.0 18 270 54.27 145. 43 137.17 0. 94
CX-IV 66.0 18 350 54.27 147.87 159. 17 1.08
DX- 1 25.0 18 180 54.27 60.0 28.26 125. 64 85. 30 0.68
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BIN_1* 21.5 16 80 40. 70 0.00 27.95 24.00 0. 86
BIN_2* 21.5 16 80 40. 70 40.0 28. 30 28.97 30. 24 1.04
BIW_1 34.0 16 80 40. 70 0.00 34.10 30. 70 0.90
BIW_2 34.0 16 80 40. 70 40.0 28.30 34. 36 36. 00 1.05
B1IW_3 34.0 16 80 43.20 40.0 78.50 39. 89 37.30 0.94
B2N_1 17.5 20 100 42.70 0.00 33.65 33. 44 0.99
B2N_2 17.5 20 100 42.70 50.0 28.30 36.93 41.11 1.11
CRC17]
B2W_1 30.0 20 100 39.00 40. 79 38. 35 0. 94
B2W_2 30.0 20 100 39. 00 50. 0 28.30 43. 14 46. 01 1.07
B2W_3 30.0 20 100 43.20 50. 0 78.50 49,53 53.38 1. 08
B3N_1 50.0 25 125 42.70 0. 00 75.02 71.91 0. 96
B3N_2 50.0 25 125 42.70 62.5 28. 30 89.13 82.45 0.93
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B3W_2 25.0 25 125 40.70 62.5 28. 30 56. 97 62.32 1.09
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