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Steel Rod Energy Dissipating Element Design and Performance
Research of Array Type Metal Damper
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Abstract: 5 kinds of steel rod energy dissipating elements with Q235 steel were designed, which
included 1 kind of equal cross-section element RED A and 4 kinds of variable cross-section
elements RED B, RED C, RED D and RED E. Firstly, the methods of numerical simulation and
orthogonal test were used to analyze the influence of elements’ geometric parameters such as
diameter d,, slenderness ratio §, anchorage length in the plate /., internal shrinkage diameter
d,, extension length of anchorage section /; and middle equal cross-section length [, on their
energy dissipation performances. Secondly, the influence of steel mechanics property parameters
on energy dissipation performances of elements was also researched. The energy dissipation
performances of elements with low yield point steel LYP100, LYP160 and LYP225 materials
were compared with those of Q235 steel element. The results show that the energy dissipation
performance of RED D is the best among all kinds of elements. When its geometric parameters
are diameter d, =40 mm, slenderness ratio §=4, internal shrinkage diameter d;, =20 mm, and

middle equal cross-section length /, =20 mm, its energy dissipation performance is optimal, the
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energy dissipation coefficient is 2. 71. When the material of energy dissipation elements is low

yield point steel, the energy dissipation performance is increased further. When RED D is made

with LYP160 steel and optimal geometrical parameters, the energy dissipation coefficient is as

high as 3.12.

Key words: array type metal damper; steel rod energy dissipation element; numerical simulation;

orthogonal test; energy dissipation coefficient
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Fig. 1 Array Type Steel Rod Damper
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Fig.2 5 Kinds of Steel Rod Energy Dissipating Elements
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Tab.1 Performance Indexes of Steels

R 2| T I 3 B / MPa | SPERT R /GPa | SR BE/ MPa | 1 [

Q235 235 206 376 0. 26

LYP100 100 197 247 0. 26

LYP160 160 204 248 0. 26

LYP225 225 197 303 0. 26
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Tab. 2 Steel Constitutive Parameters of Combined Reinforcement Model

b RS alo Q-- biso 1 7 ) 72 ¢ s
Q235B 215 198 5.0 16 061 151 315 15.8 64 3.5
LYP100 48 198 5.0 32123 850 630 89. 0 128 20.0
LYP160 129 118 4.5 18 667 1133 1267 233.0 2 730 127.0
LYP225 165 53 5.0 62 105 1611 4 986 413.0 1978 95.0

A #/mm
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Fig. 4 Displacement Loading System
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Tab.3 Orthogonal Test Data
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SN FERETT T
K K Ks K. R;
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A
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(HAE do)
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D
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Tab.4 Energy Dissipation Performance Parameters of All
Energy Dissipation Elements Under Optimal

Geometric Parameters

ok y? i
i:; R 80/ | 65 /o <%wallf/> et 7 2K
RED A 9 758 0. 88 11 075. 8 2.38
RED B 22 047 2.18 10 104. 1 2.52
RED C 22 971 1.48 15 468. 8 2.59
RED D 15 216 0. 64 23 775.9 2.71
RED E 36 277 1.27 28 564. 6 2.57
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Fig. 5 Hysteretic Curves and Stress, Strain Nephograms of RED D with Q235 Steel
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Tab.5 Finite Element Analysis Results of Energy
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Fig. 6 Hysteretic Curves and Stress, Strain Nephograms of RED D with LYP100 Steel
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Fig.7 Hysteretic Curves and Stress, Strain Nephograms of RED D with LYP160 Steel
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Fig. 8 Hysteretic Curves and Stress, Strain Nephograms of RED D with LYP225 Steel
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