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Abstract: In order to study the hysteretic behavior of single arc angle in the sloped top-bottom angle beam-to-column
connection, a total of 37 specimens of 6 series single arc angles were designed, and the related parameters of angle,
angle thickness, arc radius of angle steel, column limb length, stiffener thickness, stiffener type were considered.
The finite element software of ABAQUS was adopted for numerical simulation, and the influence of related
parameters on the initial stiffness, post-yield stiffness, yield strength, failure mode and energy dissipation capacity of
single arc angle were systematically analyzed. Based on the angle restoring force model proposed by GARLOCK et
al, the macro restoring force model of single arc angle was developed in the current study. The analytical results show

that the employment of stiffener changed the failure mode of single arc angle. For the single arc angle without
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stiffener, two plastic hinge lines occurred at the middle region of the arc location and the edge region of high-strength

bolt connected column limb. For the stiffener angle with stiffener, the plastic hinge lines developed between the

two sides of stiffener and the middle region of the arc location. The influence of angle parameter on the

mechanical behavior of obtuse-angled single arc angle was larger than that of acute-angled single arc angle.

Increasing the angle thickness, reducing the length of column limb and adding stiffener could improve the initial

stiffness, yield bearing capacity and energy dissipation capacity of single arc angle, and the influence of other

parameters was relatively small. Based on the theoretical analysis, the calculation formulas of initial stiffness,

post-yield stiffness and yield bearing capacity of single arc angle with and without stiffener were proposed. The

proposed restoring force model of sloped single arc angle can effectively predict its hysteretic behavior with

enough accuracy, and it can be used for engineering design and analysis of this type of sloped beam-to-column

connection.
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Fig. 1 Sloped beam-to-column connections
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Table 1 Parameters of arc angle specimens
Falga  fo/w/ W RS gl
I 5 mm mm mm mm
A-120 12 — — 30 85 120
A-115 12 — — 30 85 115
A-110 12 — — 30 85 100
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A-60 12 — — 20 85 60
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Table 2 Calculation results of single arc angle specimens

AR5 K,/(kN-mm™") V,/kN K,/(kN-mm ") K, (kKN-mm ") Vom/kKN  SE/(kKN-mm ") p
A-120 127.6 90.23 7.45 97.4 99.5 12.26 0.058
A-115 112.5 87.7 6.10 94.4 92.2 11.18 0.054
A-110 105.3 86.4 4.99 91.2 86.0 10.40 0.047
A-105 98.3 7.7 4.94 87.9 80.7 9.78 0.050
A-100 93.3 86.8 5.13 84.5 76.2 10.50 0.055
A-95 83.6 77.8 4.61 80.9 72.3 9.78 0.055
A-90 74.8 74.6 4.43 77.3 69.1 8.73 0.059
A-85 61.8 65.2 3.23 61.8 69.1 7.09 0.052
A-80 58.7 65.3 3.05 61.8 69.1 6.78 0.052
A-75 57.8 66.1 2.82 61.8 69.1 6.93 0.049
A-70 61.7 66.2 2.83 61.8 69.1 6.56 0.046
A-65 62.3 70.8 2.83 61.8 69.1 6.86 0.045
A-60 67.2 75.0 3.18 61.8 69.1 7.32 0.047
Tt,-10 55.2 58.9 3.63 55.0 56.0 7.19 0.066
Tt,-14 143.6 110.8 5.25 126.4 109.8 12.94 0.037
Bt,-10 40.7 49.3 2.17 38.3 48.0 4.97 0.053
Bt,-14 86.1 90.9 4.25 89.8 94.0 9.10 0.049
TR-20 84.7 74.6 4.58 87.9 80.7 9.31 0.054
TR-40 106.3 84.5 5.35 87.9 80.7 10.20 0.050
BR-10 51.3 59.3 2.42 61.8 69.1 6.30 0.047
BR-30 69.9 77.4 4.78 61.8 69.1 8.85 0.068
Tg-75 127.9 96.2 6.79 115.5 99.0 12.15 0.053
Tg-65 146.0 116.4 7.93 155.1 130.0 14.30 0.054
Bg-75 77.8 79.6 4.53 83.3 86.8 8.38 0.058
Bg-65 118.0 101.7 6.60 114.8 116.7 10.57 0.056
Th-0 194.0 156.2 7.64 186.6 149.7 17.19 0.039
Th-7.5 196.1 160.3 7.26 186.6 149.7 17.22 0.037
Th-15 190.1 157.2 7.70 186.6 149.7 17.13 0.041

Th-22.5 193.4 149.0 7.85 186.6 149.7 16.95 0.041
Bh-0 143.3 158.4 5.69 149.3 149.7 16.39 0.040
Bh-5 140.6 155.8 5.41 149.3 149.7 16.27 0.038
Bh-10 141.8 151.1 5.76 149.3 149.7 16.09 0.041
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%5 K/ (kKN-mm™') V,/kN  K,/(kN'mm ') K 4,(KN-mm ") Vyun/kKN  SE/(KN-mm ') P
Bh-15 139.0 154.5 5.91 149.3 149.7 15.81 0.043
Tt,-8 191.2 149.2 7.57 184.6 148.1 14.25 0.040
Tt,-12 206.1 158.1 8.03 188.6 151.3 17.40 0.039
Bt,-8 143.0 155.6 5.72 147.7 148.1 16.38 0.040
Bt,-12 144.6 155.5 5.41 150.9 151.3 16.24 0.037
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