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Experimental study on mechanical behavior of
sinusoidal waveform steel plate damper

WENG Weisu'?, PAN Benging'”*, QIAO Chunlei'*, HAO Yong"?, JIA Jilong"*, WANG Xiaodong'”
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Abstract: In order to solve the problems of low out-of-plane stiffness of the energy dissipation web of traditional
shear plate damper and easy to occur out-of-plane buckling under large deformation, a sinusoidal waveform steel
plate damper was proposed. Considering the placement direction of the waveform web and the yield strength, four
specimens were designed and tested under low cycle repetitive load to analyze the hysteretic performance, bearing
capacity and stiffness degradation. The results show that strong energy dissipation capacity, good ductility, and
stable hysteresis performance under large deformation is the characteristics of sinusoidal wave plate damper, and the
transverse wave steel plate damper with low peak load is the best. The energy dissipation capacity and ductility are
better than those of the vertical waveform steel plate damper, and its stiffness degradation rate is higher than that of
the transverse waveform steel plate damper. The hysteretic curve of webs made of low yield point steel is full.
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Fig.1 Three-dimensional structure diagram of the specimen
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Table 1 Basic parameters of the specimen

} 5 BE AR LR KX FExJEE/mm
K5 era - ;
POV AR FELGAR A HEAR BIL N IR HEHERR
SCMSD-1 i BLY160 Q235B 275%275%8 275x150%x 12 500%250%20
SCMSD-2 [ BLY160 Q235B 275%275%8 275%150%x12 500%250%20
SCSPD-1 fik Q235B Q235B 275%275%8 275x150%x12 500%250%20
SCSPD-2 L5 Q235B Q235B 275%275%8 275x150%x 12 500%250%20
x2 RAHERMRNFEESH
Table 2 Mechanical property parameters of steel used in specimen
Wi PRERL R MPa i 58 5/ M Pa P L/ MPa A/ %
BLY160 205800 149.3 267.4 52.6
Q235B 206300 271.3 407.3 40.9

FESERR T RE D W WA BB 1E5XIE BB R =00, A SCREFTIESZ BB K 2(a) B,
5 HABPIEA L, IESZ B 0 P Be 2 1] 2 2 [ i 90, 220 I T3 I /s e 53 PERE A R . ST (8
R R DK IE X MY AR A T HEA T S ARIEL 2(b) R R R I E 3 R



%5 5 FTYER 5 IR R BOE AN E A% 1 R Y

159

RSB

(a) FRBTLHIR

2 EZEHMEEBEEX

Fig.2 Sinusoidal waveform steel plate and its section definition
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Table 3 Section dimensions of sinusoidal waveform steel plate mm
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Fig.3 Test loading device
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Fig.5  Strain layout of the specimen
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FE SRR A 6 (d) FTaR . ICEHR 9 1E 10 2K 48 ) RS % 312 kN, FFE T 29.88%, 1 [n 7K 48 ) PR =
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Fig.6  Failure morphology of specimen SCMSD-1
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Fig.7 Failure morphology of specimen SCMSD-2
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Fig.8 Failure morphology of specimen SCSPD-1
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Fig.9 Failure morphology of specimen SCSPD-2
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Fig. 10  Hysteretic curves
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Table 4 Characteristic parameters of the points and ductility coefficient

—400}

R GE A,/mm F/kN A, /mm F,/kN A,/mm F/kN “

SCMSD-1 3.6 224.1 30 444.6 36.9 377.9 10.2
SCMSD-2 4.2 247.3 25 502.1 35.7 426.8 8.3
SCSPD-1 3.7 252.9 25 474.4 36.2 403.2 9.7

SCSPD-2 4.3 293.9 25 516.5 35.1 439.1 7.9
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Fig. 12 Equivalent viscous damping coefficient
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Fig. 13 Degradation curves of bearing capacity Fig. 14 Degradation curves of equivalent stiffness
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Table 5 Initial elastic stiffness
N s SCMSD-1 SCMSD-2 SCSPD-1 SCSPD-2
AR EE/ (KN/mm) 292.76 366.82 322.54 412.53

3.6 MTHT
WERFE L e # i A IO 32 AR S BlaE | || |

TR I WA SR 25 B A W 5 01 45 43 - - o o
UINERRPSESITEE R it T 5 4

P TR PR AR 19 5L e/, P46 FO 7R BT T = o o
FPRES A5 A BRI 1 5 BB 1 Wy IR i o s
B2 | AT A 2 7 28 B 50 B fr 28 LML e BB 7 5 o 0

- SCMSD-1 ,SCMSD-2 N 5l #4753t , LA 7% Ay | 1 |
Hebr e, /e (N7 L) AR Bl M4 o e B 15 MR RS

R BB RN &, 7 Von Mises JTH B0 M iy 15 Web and flange plate strain measuring points number
LRGBS, W AE it BRI 7 R, SO 16 mm

VAN R AR AT 5307, 150 SCMSD-1,SCMSD-2 450 i (1) 32 i A8 — (v B il e o sl an &l 16 1 17 Jis, 450
SR RIS AN 6 BTN

5 6
— Al 2 — M4 — B

41 — 3 4 5t —llEC — W AD

AEE €, /e,

WAL &, /8,

=20 -10 0 10 20

{7 A% /mm i /mm
Ca) JEAI S0 (b)) B 55 A

16 X f SCMSD-1 U s Bz 3F iy 2%
Fig. 16  Strain curves of specimen SCMSD-1
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Fig. 17  Strain curves of specimen SCMSD-2
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Table 6  Yield displacements of each measuring point of SCMSD-1 and SCMSD-2 specimens mm
N e M s 2 A3 A 4 WA S WA A WA B WA C WA D
SCMSD-1 4.98 6.47 4.74 6.28 5.07 8.23 5.79 4.74 3.90
SCMSD-2 5.48 5.52 5.05 4.79 — 7.42 6.04 5.46 4.87
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