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Experimental study and parameter analysis on the mechanical properties
of LYP160 low-yield-point steel double hourglass-shaped steel dampers
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(1. School of Civil Engineering, Xi” an University of Architecture and Technology, Xi’ an 710055, China;
2. Key Lab of Structural Engineering and Earthquake Resistance, Ministry of Education (XAUAT), Xi’an 710055, China)

Abstract: In recent years, metallic bar dampers have been widely applied in structural vibration reduction due to
their excellent energy dissipation capacity. To further enhance the mechanical performance of metallic bar dampers,
this study proposes a double hourglass-shaped damper made of LYP160 low-yield-point steel, featuring a constant
cross-section straight segment LYP160-double hourglass shaped steel damper ( LYP-DHSD ). To investigate the
mechanical properties of LYP-DHSD under shear displacement, two LYP-DHSD specimens were designed. The
hysteretic characteristics and fatigue performance of the specimens were studied through low-cycle reciprocating
loading tests. A refined finite element model of LYP-DHSD was developed, and parameter analysis of the hysteretic
performance was conducted with the outer diameter, inner diameter, and length of the constant cross-section
straight segment as variables to further explore the stress pattern of LYP-DHSD under cyclic shear displacement.
The results show that under cyclic shear displacement, LYP-DHSD achieves multi-section yielding and exhibits
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excellent load-bearing capacity, deformation ability, and stable energy dissipation performance, with fatigue
performance meeting code requirements. Adjusting the inner diameter significantly influences the structure’ s load-
bearing capacity, stiffness, and energy dissipation. Increasing the length of the constant cross-section straight
segment reduces the load-bearing capacity, stiffness, and energy dissipation of LYP-DHSD. Additionally,
increasing the inner and outer diameters improves material utilization efficiency initially, but it subsequently
decreases. Modifying the length of the constant cross-section straight segment allows for adjustments in the plasticity
distribution region of LYP-DHSD. Based on the analysis results, it is recommended that the ratio of the inner
diameter to the outer diameter of LYP-DHSD be set between 0.375 and 0.625, and the ratio of the inner diameter to
the length of the constant cross-section straight segment be set between 1 and 2.

Key words: low-yield-point steel; double hourglass-shaped damper; experimental study; parameter analysis;

hysteretic performance; fatigue performance
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Table 1 Main parameters of specimens
B Okgn e D,/mm D;/mm L,/mm L,/mm L;/mm L/mm  SEEEEIGR kbl
LYP-A-1 40 20 170 60 40 30 JR L i 1]
LYP-A-2 40 20 170 60 40 30 Sk %55
2 LYP160 $H#F 1S3
Table 2 Material properties of LYP160 steel
K= JERE t/mm R E/MPa JiE 5 E f, / MPa BUPisRE £,/ MPa KR/ %
1 4.970 1.964 138.267 263.126 54.6
2 4.970 2.002 137.909 263.354 54.2
3 4.970 1.952 136.947 263.226 55.6
4 4.980 2.106 139.100 264.370 55.3
4.990 1.959 135.543 263.060 55.4
6 5.000 2.028 142.396 262.091 54.7
FHME 4.980 2.018 138.360 263.205 54.9

2.2 RIwINEE E R N E

K MTS-250 kN B3 ] IR 9% 25 3 56 UL % LYP-DHSD 324 124 it I AR J& 7 58 87 10 i 28, a1 o 2k 25 2 I,
6, mzkke EALFEIE 20 mm YK 328 I F A ; IS A 5 IR DA B AGAH2 78 I Al I 1) s AR 5 2 22 Al il [
LYP-DHSD 3% 245 5 fin 2 e Y J& K 42 m 2 i, o () 35084 EE LYP-DHSD & B K 1 mm (FLIE ; BHJE #8i0F
B AR B, AR S v AR I M24 1 i R AR T 8 5 i MR AR AT 2 e A s A, FE B R 5 RS i
£ T HETE 2 RN BE s PR 2 e e LNt , DASR AT 10 A1 e sl 2 o5 3 2o Je 9 I 8025 8 1 N
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Table 3 Experimental phenomenon
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Table 4  Fatigue test damping force of specimen LYP-A-2

1] i)

MBI g 5EHE EMESH 5T BRMUB S S5THME RAMEH  5THHE
/kN 1R/ % /kN 1R/ % /kN RE/ % /kN RE/ %

PERETE bR 74.19 3.1 70.07 -2.6 -74.64 -1.7 -77.33 1.8
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Table 5 Parameters of the Chaboche mixed hardening model for LYP160 steel
G s aly Q. b o 7 G, Y2 Gy 73 Cy Ya
LYP160 130 10 10 3.13 0.12 8542.9 1645.6 6399.6 245.95 7.789 0.2
TE o | o NS5 AR R I AR S 2R B (VN D 5 Q ,, Ay ok Al T 1) S B AR A 5 & Sy st AR T A/ N BB PR L AR BN B 5 € ~ €y vy ~ vy AT ARG
AL 2 B
42 BREHMERWERXTLE
Fi R (4 i (910 28] B XHAE LYP-A-1 A BROCE A NG 3 85 V16 4% | A FROTHH RS B th 4 5
RIS ZE R AT L UL R 13, A BRITITH AR ) i ] ih 2 A2 b i 35 5 e th Se 5 e, (EUHT 0] 30 A 4 L1 3k
g2 W] ) I PR Tl il 4 H0 30 448 IS T BRI R s AN B8 BR RSB AL 012 38 73 A 4%, A BROTAR Y T4
e P i o AR, AV A A O A A i T 78 43 DR A IR oA A s [ B P 41 4 R i
MR H . A BRI 3 09 B 28 M 2 51000 i 2 BEA 55 | 5 M A e KR 280 A7 FROTHH3EL 23
SIS R 1.3% M 1.0%, SE FE A RITHH R R 4 550 th R B . B 14 A FRITHY
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Fig. 13 Comparison of LYP-A-1 test and finite element curves
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DA LYP-A-1 A BRICEIR R B Al ( Base #5254) | B4 LYP-DHSD MY5ME N4 | 48 ik 17 B BCA B 5T
ZH, 38 A 55 1A R A 1m0 28 i 8 X6 45 A5E Y i Jon 47 24 5 D1 467 88, A9 DA 145 S 806 LYP-DHSD 85 47) 75
SVERE R & A RTINS EULE 6, Hh D, RIVERIBFF N2, D, RSB RIBF5EAME 1Y)
SEMA, L, RANBIRU 58 VDU 4 b B B BE A 2 )

% 6 LYP-DHSD HRITIERG TS
Table 6 Design parameters of the finite element model of LYP-DHSD

UK B D,./mm D,/mm L,/mm /D,
D, D50 50 20 30 0.40
D 45 45 20 30 0.44

D, 40( Base) 40 20 30 0.50

D 35 35 20 30 0.57

D, 30 30 20 30 0.67

D, D30 40 30 30 0.75
D,25 40 25 30 0.625

D;20( Base) 40 20 30 0.50

D;15 40 15 30 0.375

D;10 40 10 30 0.25

L, L,50 40 20 50 0.50
L,40 40 20 40 0.50

L30( Base) 40 20 30 0.50

L,20 40 20 20 0.50

L,10 40 20 10 0.50
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Fig. 15 Hysteretic curves of the finite element models
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Table 7  Performance indices of the characteristic points of the skeleton curves of each finite element model
A R SE A S R B Ja A% MR Jet M AR 3 e FR R % T S R AL
K,/ (kN/mm) A /mm A,/mm F /kN F,/kN p=4A/A, 0N=F/F,
Base 12.95 291 37.98 28.92 93.05 13.05 3.21
D, 30 12.11 2.84 37.80 17.78 57.66 13.30 3.24
D 35 15.59 2.95 35.92 22.93 76.76 12.17 3.34
D 45 18.84 2.80 37.92 35.80 104.35 13.54 2.91
D50 24.76 2.94 35.95 38.88 108.83 12.22 2.79
D;10 12.11 2.88 31.95 6.46 24.53 11.09 3.79
D15 15.61 3.02 35.97 17.19 56.70 11.91 3.29
D25 19.62 2.77 37.81 39.69 112.57 13.64 2.83
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R TTATE SPERIEE JEIRAL P BR A Ja e 8 g e BRAR 4% S SR R AL
Ko/ (kN/mm) A /mm A,/mm F./kN F,/kN n=4,/7A, _Q=Fu/Fy
D,30 24.76 2.82 37.91 47.39 136.01 13.44 2.87
L,50 12.24 2.98 37.63 21.89 81.52 12.62 3.72
L,40 15.54 2.91 37.98 25.62 86.03 13.05 3.35
L,20 16.95 3.35 37.98 31.87 98.76 11.33 3.09
L,10 19.53 3.12 37.84 35.92 102.86 12.13 2.86
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Fig. 17  Stiffness degradation curves of the finite element models
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Fig. 18 Comparative analysis of hysteretic energy dissipation indices of finite element models
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Fig. 19 Equivalent plastic strain distribution of the finite element models
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