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Distribution regulation of the reinforcement force between bond and headed bars

ZHENG Wenzhong, MIAO Tianming, WANG Shiyu, WANG Ying

(Key Laboratory of Structures Dynamic Behavior and Control (Harbin Institute of Technology) , Ministry of Education,Harbin 150090, China)

Abstract; Based on the bond stress-slip constitutive model between the reinforcement and concrete, a MATLAB
program was coded to calculate the force of the headed bars, which was used to obtain the regulation of distribution
between bond and headed bars of the high strength hot-roll reinforcement force, and it was validated by the pull-out
tests of 120 reinforced concrete specimens. According to the simulation results, the combined effects of the relative
concrete cover (the ratio of concrete cover ¢ to bar diameter d) and an index f,/f, indicating the ratio of
reinforcement yield strength to concrete tensile strength were investigated quantitatively. The results indicate that
l,./d (the ratio of the stable development length to bar diameter) increases linearly with f,/f, increase, but
gradually decreases with the increasing ¢/d. The formula of [, /d for f,/f, and ¢/d was established, and the potential
influence factors of the bond stress f, were evaluated, including reinforcement yield strength, concrete tensile
strength , the relative concrete cover and the embedment length . The results indicate that ¢/d is the only factor to
constrain the parameter f,/f, to be varied with the index /,/1,.. A reliable calculation formula of the f,/f for ¢/d
and [, /I was proposed.
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Fig.1 The method of division and calculation
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Tab.1 Mechanical properties of reinforcement bars
W LIS i A i 3 e P it 2
. HA& d /mm f,/ MPa f./MPa
HRB500 20 555 725
HRB500 22 555 716
HRB500 25 560 713
HRB600 20 633 825
HRB600 22 612 796
HRB600 25 684 901
®2 REIMESFERE
Tab.2  Mechanical properties of concrete MPa
WL ARMESLTRIL LiiRSANES LiiIvE e
SR EAE JESREE fo IS, LS,
C30 40.23 30.57 3.01
C40 51.49 39.13 3.45
C50 59.63 45.32 3.74
C60 66.96 50.99 3.99
C70 79.50 62.56 4.38
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Fig.2 Processing the strain gauges
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Fig.3 The pull-out specimen
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Tab.3  Values of F, and F, kN
X g F, Fy X g F, Fy ENEE e F, Fy

500-20-30-140 107.36 118.81 500-20-40-120 124.76 124.16 500-20-50-110 130.51 129.40
500-20-30-180 104.85 100.25 500-20-40-160 113.05 109.77 500-20-50-140 118.25 116.80
500-20-30-220 99.29 89.59 500-20-40-190 94.87 95.22 500-20-50-170 111.11 107.15
500-20-30-260 85.84 75.92 500-20-40-230 82.83 81.74 500-20-50-200 92.16 92.40
500-20-30-300 67.52 60.72 500-20-40-260 63.04 67.49 500-20-50-230 82.79 82.49
500-20-60-110 135.52 134.25 500-22-30-160 144.66 143.54 500-22-40-140 163.29 155.82
500-20-60-140 122.28 120.11 500-22-30-210 142.35 129.33 500-22-40-180 140.14 135.51
500-20-60-170 112.99 107.54 500-22-30-260 118.59 107.27 500-22-40-220 113.38 114.41
500-20-60-200 104.36 102.17 500-22-30-310 95.17 87.29 500-22-40-270 97.42 97.50
500-20-60-230 84.46 87.21 500-22-30-360 77.40 70.85 500-22-40-310 82.04 83.30
500-22-50-130 147.14 150.27 500-22-60-110 157.13 160.21 500-25-30-200 184.82 179.11
500-22-50-160 134.39 137.15 500-22-60-150 133.05 138.73 500-25-30-260 158.66 152.99
500-22-50-200 120.20 121.90 500-22-60-180 123.34 127.69 500-25-30-320 136.64 131.13
500-22-50-240 102.45 105.64 500-22-60-220 111.99 114.23 500-25-30-380 115.06 108.84
500-22-50-270 85.43 93.35 500-22-60-250 85.58 95.66 500-25-30-440 89.06 89.40
500-25-40-170 190.01 189.20 500-25-50-150 211.28 204.35 500-25-60-140 194.89 198.58
500-25-40-220 174.62 165.66 500-25-50-200 164.51 169.28 500-25-60-180 185.12 183.94
500-25-40-270 138.26 142.32 500-25-50-240 151.47 154.33 500-25-60-220 162.88 163.88
500-25-40-330 119.02 118.87 500-25-50-290 125.47 131.95 500-25-60-270 144.61 133.93
500-25-40-380 94.53 102.41 500-25-50-340 98.34 114.79 500-25-60-310 125.63 124.39
600-20-40-140 148.47 139.09 600-20-50-130 149.48 142.81 600-20-60-120 139.94 138.43
600-20-40-190 118.46 112.79 600-20-50-170 120.54 119.29 600-20-60—-150 129.99 128.57
600—-20-40-230 109.90 99.99 600-20-50-210 106.97 103.98 600-20-60-190 103.44 106.79
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600-20-40-270 86.59 81.19 600-20-50-240 94.36 91.83 600-20-60-220 97.58 97.50
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