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Research on Hysteretic Behavior of Flange Weakened Joint with
Replaceable Beam Section

ZHENG Hong, SHANG Yong-fang, SU Yao-xuan, DAI Yong-chao
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Abstract; For the problem that it was very difficult to repair the structure of steel frame flange
weakened joints after earthquake, based on the concept of post earthquake replaceable seismic
design, a new type of flange weakened joint RF] with replaceable beam section was proposed.
Through ABAQUS modeling, the mechanical properties of common end plate connection joint
CPJ and RFJ under monotonic and cyclic loads were compared, and the variable parameter
analysis of RFJ was carried out. The results show that the hysteresis performance of RFJ is
better than that of CP] and can be easily replaced after a large earthquake. With the increase of
the weakened length 6 of the beam flange, the bearing capacity of the joint decreases gradually,
and the ductility coefficient increases firstly and then decreases. Although the energy
consumption capacity is improved, the degradation effect of strength and stiffness is not ideal. It
is suggested that the length of weakened section of beam flange 6= (0. 7—0. 9) h, (h, is the height
of steel beam section). When the length of replaceable beam section [ is too large, the initial

stiffness and ductility of the joint will be reduced and the energy dissipation capacity of the joint
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will be adversely affected. If the length of replaceable beam section / is too small, the stress value

at the weld of the joint will be too large, affecting the effect of plastic hinge outward movement.

Considering comprehensively, it is suggested that the length of replaceable beam section [ =

(1.6-1.85) hy,.

Key words: beam column joint; replaceable beam section; hysteretic behavior; initial rotational

stiffness
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Fig.1 Schematic Diagram of New Joint
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Fig. 2 Detail Structure of Joint Connection (Unit: mm)
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Fig.3 Test Device of Joint ST3 (Unit: mm)
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Fig. 4 Finite Element Model of Joint ST3
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Fig. 5 Failure Pattern of Joint ST3
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Fig. 6 Comparison of Hysteretic Curves Between Finite

Element and Test of Joint ST3
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Table 2 Comparison of Bearing Capacity Between Finite

Element and Test of Joint ST3
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Fig.7 Detailed Size of Joints (Unit: mm)
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Fig. 11 Comparison of Hysteretic Curves Between Finite

Element and Test of Specimen A
£33 RGEAGRTEXBARBIEREITL
Table 3 Bearing Capacity Comparison Between Finite

Element Method and Test of Specimen A
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Fig. 12  Detail Structure of RFJ(Unit: mm)
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Fig. 13  Finite Element Model of Joints
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Table 4 Steel Material Property Index
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Fig. 18 Stress and Strain Nephograms of Joint Failure
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Fig. 21 Comparison of Joint Hysteretic Curves
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Table 6 Bearing Performance and Ductility Index
Rt A A;/mm Ay/mm P,/kN
CPJ 38.56 110.12 153.50
RF] 36.63 128. 83 139. 48
W R P /KN P,/kN 7
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Fig. 24 Comparison of Stiffness Degradation Curves
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Fig. 26 Comparison of Joint Energy Dissipation Capacity
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Table 7 Parameter Design of RL Series Joints

BiPEE R RL-1 RL-2 RL-3 RL-4 RL-5

b BUE 0. 6hy, 0. 7hy, 0. 8hy, 0. 9hy, 1. 0hy,
R G B AT A R B R £ X S (R i Y 5
Wi 5 T BL RS R FEAR BB AN T e B 0. 204+
b BLO.9Ry a BLO. 8b;,t,, Fl ¢, YEL 1. 25¢,, A 5
ol RIASHORME WK 8.
*8 BLRITEMSHEIT

Table 8 Parameter Design of BL Series Joints

5 BL-1 BL-2 BL-3 BL-4 BL-5

L BUH 1. 35hy, 1. 6Ay, 1. 85y, 2. 1hy 2.35hy
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Table 9 Bearing Performance and Ductility

Index of RL Joints

WEHE | Ay/mm | A,/mm | Py/kN |P../kN| P,/kN P
CPJ 38.56 | 110.12 | 153.50 | 172.42 | 146.56 | 2.86
RL-1 | 37.11 | 137.97 | 140.49 | 156.65 | 133.15 | 3.72
RL-2 | 36.84 | 139.49 | 139.73 | 155.40 | 132.09 | 3.79
RL-3 | 37.17 | 136.89 | 140.21 | 154.69 | 131.49 | 3.68
RL-4 | 36.63 | 128.23 | 137.48 | 150.94 | 128.01 | 3.50
RL-5 | 35.42 | 125.00 | 132.82 | 144.50 | 125.63 | 3.43
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Table 10  Bearing Performance and Ductility

Index of BL Joints

WD | Ay/mm | Au/mm | Py/kN [P /kN| Po/kN | 4

CP]J 38.56 | 110.12 | 153.50 | 172.42 | 146.56 | 2.86

BL-1 33.95 | 124.37 | 144.54 | 158.02 | 134.32 | 3.66

BL-2 36.63 | 128.23 | 139.48 | 152.94 | 130.01 | 3.50

BL-3 38.87 | 134.57 | 134.20 | 149.18 | 126.80 | 3.46

BL4 | 42.39 | 138,97 | 126.39 | 145.12 | 123.35 | 3.28
BL5 | 47.34 | 138.87 | 122.13 | 142.61 | 121.21 | 2.93
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Fig. 32 Comparison of Energy Dissipation
Capacity of BL Joints
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