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Study on mechanical behavior of panel zone of complex joints between
concrete filled steel tubular column and steel truss beam
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(1. State Key Laboratory of Bridge Engineering Safety and Resilience, Beijing University of Technology, Beijing 100124, China;
2. The First Construction Engineering Company Ltd. of China Construction Second Engineering Bureau, Beijing 100023, China)

Abstract: To study the mechanical behavior of panel zone of complex joints between concrete filled steel tubular
(CFST) column and steel truss beam, this paper generates a three-dimensional model based on experimental results
using ABAQUS and validates the validity of the model. Subsequently, several sets of models of “strong member and
weak joint” models are designed on the basis of the test specimen through structural measures. The influence of the
steel truss beam inclination angle, the axial pressure ratio of CFST column and the width-to-thickness ratio of steel
tube is studied. The results indicate that the failure mode of panel zone in CFST column-steel truss complex joint is
the failure of panel zone within the range of bottom chord, accompanied by the failure of truss girder end. The
influence of steel truss beam inclination angle on mechanical behavior and failure mode of panel zone is small.
When the axial compression ratio is large, the shear capacity and ductility coefficient of the panel zone decrease
obviously. Therefore, it is suggested that axial compression ratio of CFST column should not exceed 0.3. Width-to-
thickness ratio of steel tube is a sensitive parameter, and the shear capacity, initial stiffness, and ductility
coefficient of panel zone change significantly with the decrease of width-to-thickness ratio of steel tube.
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Fig. 1 Detail of specimens
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Table 1  Properties of steel materials
HIASJEEE b/ mm JE MR EE £,/ MPa JERIZE £,(x107) PAPEREEY E_/(x10° MPa)
6 462.67 2.25 2.06
8 515.94 2.53 2.04
10 485.45 2.25 2.16
16 467.09 2.22 2.10
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Fig.6  Comparison of curves between FEA and test results Fig.7 Comparison of failure state between FEA and test results
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Table 2 Comparison of initial stiffness and characteristic points between FEA and test results
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e A FRTE K5 AT R AT
+ 24921 28 682 15.1 491.50 567.68 15.5 512.21 595.28 16.2
- 23856 27188 14.0 -496.24 -568.69 14.6 -591.23 -749.34 26.7
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Fig.8 Model construction of new joints
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Fig.9 Shear force and shear angle in the panel zone of the joint
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Fig. 10 Parameter analysis of shear force-shear angle skeleton curves at panel zone
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Table 4 Characteristic points, initial stiffness and ductility coefficient of panel zone
ik 1V, 1/kN 1V, 1/kN 1V, 1/kN " Ko/ (MN/rad)
G :
TR P MR P Wi P M VA M P
A-1 + 859.65 848.97 969.86 959.94 914.39 896.12 6.2235 6.6137 647.74 654.82
- 838.28 950.02 877.84 7.0039 661.90
A-2 + 848.83 843.43 959.33 953.76 901.92 890.79 6.2722 6.6067 642.83 653.98
- 838.02 948.19 879.65 6.9411 665.13
A-3 + 841.84 839.85 950.80 948.39 889.48 885.19 6.3026 6.598 1 637.10 652.89
- 837.86 945.98 880.89 6.8936 668.67
B-1 + 849.61 836.92 964.85 960.00 958.23 954.94 6.546 1 6.8314 625.70 636.52
- 824.23 955.14 951.64 7.1166 647.33
B-2 + 860.09 853.51 978.67 975.10 940.10 929.28 6.4176 6.7219 645.56 654.15
- 846.93 971.53 918.45 7.0262 662.74
B-3 + 848.83 843.43 959.33 953.76 901.92 890.79 6.2722 6.6067 642.83 653.98
- 838.02 948.19 879.65 6.9411 665.13
B-4 + 814.86 796.64 924.47 905.34 860.78 838.75 4.3594 49188 632.56 645.88
- 778.42 886.21 816.71 5.4782 659.19
C-1 + 659.26 643.98 774.54 757.20 713.34 696.39 6.3785 6.7921 519.84 533.96
- 628.69 739.86 679.43 7.2057 548.07
C-2 + 848.83 843.43 959.33 953.76 901.92 890.79 6.2722 6.6067 642.83 653.98
- 838.02 948.19 879.65 6.9411 665.13
C-3 + 977.36 979.95 1133.60 1138.70 1094.40 1085.90 6.1278 6.3176 766.19 768.83
- 982.54 1143.70 1077.40 6.5074 771.47
C-4 + 1086.50 1093.30 1308.50 1310.70 1286.00 1283.80 6.0865 6.2624 875.26 877.56
- 1100.10 1312.80 1281.50 6.4382 879.85
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Fig. 13 Steel stress cloud map of ultimate joint of group B model
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Fig. 14  Steel stress cloud map of ultimate joint of group C model
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