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Hysteretic behavior analysis of beam-to-column
connections with U-shaped damper
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Abstract: Traditional beam-to-column connections in steel moment frames are prone to brittle failure under earthquake excitations,
and are difficult to be repaired after an earthquake. Therefore, this paper proposes a new type of joint with U-shaped dampers for
beam-to-column strong axis connections. The hysteretic behavior of the joints, including their failure modes is analyzed through the
finite element software ABAQUS. In addition, effects of the thickness, height, radius of U-shaped damper and the thickness of flat
parts on the hysteretic behavior of the joints are further analyzed. It is shown that: (1) The dimensional sizes of the U-shaped damper
determine the performance of joints significantly; (2) The joints demonstrate sufficient deformation ability, rather large loading ca-
pacity, and good hysteretic performance in suitable dimensions ; (3) Under earthquake loading, the U-shaped damper first yields and
fails, while the connected beam and column remain intact, so that only the U-shaped damper needs to be replaced for retrofitting.
Key words: beam-to-column connection; hysteretic behavior; damper; finite element analysis; parameter analysis.
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Fig.1 Connection with U-shaped dampers
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Tab.1 plastic moment increase coefficients
for rectangular section

wit S wit S

1 1.006 5 1.108
1.5 1.027 55 1.111
2 1.047 6 1.114
2.5 1.065 8 1.124
3 1.078 10 1.127
3.5 1.088 12 1.129
4 1.101 15 1.132
4.5 1.105 25 1.136
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Tab.2 Parameters of models for connectionsof U-shaped dampers

Ay Rt k=2 iatas 4 b h a b c d
e U(F) 30 20 20 45 70 45 50
HEHE N AT bl U(W) 15 10 20 40 70 40 50
D2 U(F) 30 18 20 45 70 45 50

A U(W) 15 10 20 40 70 40 50
- D3 U(F) 30 22 20 45 70 45 50
UW) 15 10 20 40 70 40 50

D4 U(F) 30 20 15 45 70 45 50

B a1 U(W) 15 10 20 40 70 40 50
DS U(F) 30 20 25 45 70 45 50

U(W) 15 10 20 40 70 40 50

D6 U(F) 30 20 20 45 70 45 40

c U(W) 15 10 20 40 70 40 40
- D7 U(F) 30 20 20 45 70 45 60
U(W) 15 10 20 40 70 40 60

D8 U(F) 20 20 20 45 70 45 50

U(W) 15 10 20 40 70 40 50

U(F) 25 20 20 45 70 45 50

D4 D9 U(W) 15 10 20 40 70 40 50
D10 U(F) 35 20 20 45 70 45 50

UW) 15 10 20 40 70 40 50
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Tab.3 Constitutive relation for steel
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Table.4 The yield load of each connection

® EFJE fAhE EME AR
n MR MRarsk AR RAER O RATER
+kN-m —kN-'m +kN-m —kN-'m

ID1 172.5 174.4 ID6 195.5 198.1
D2 156.3 157.4 D7 164.3 165.7
ID3 199.5 203.4 JD8 146.7 176.5
ID4 196.2 199.3 ID9 167.1 176.4
JD5 163.5 165.6 JD10 173.7 175.9

ME3(d) R RARTDFE L, ERMERB, 72
JRAR P BB R A /NF U BRI ATiE T,
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IR f#8 146.7 N-m, TiID11E [ & IR f 2% 8 172.5
N'm, JD8HHELID1 A IE [7] i AR o 2 P AR 77 14.9%,
XFIERG = AL SR B R4 29
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PHLIBAS M BL R AR S . RS AT DUE 451
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Tab.5 The ultimate load and ductility coefficient of each

connection

SR EMER AEERAE ERE R

MEHNm  H-kNm  ERHe HREBw
JD1 258.5 284.2 5.7 5.9
D2 233.8 261.6 6.3 6.6
JD3 281.2 316.0 53 5.7
JD4 277.6 310.3 5.4 5.8
JD5 239.5 270.4 6.2 6.5
JD6 285.4 310.1 53 5.6
JD7 238.1 272.3 6.2 6.6
JD8 217.9 281.3 6.5 5.8
JD9 238.9 283.4 5.9 5.8
JD10 268.6 285.5 5.6 59
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Fig.15 Sketch for predicting energy dissipation
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