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(a) Friction damping model (b) Eliminated area of friction damping model (c) Half-cycle negative stiffness

friction damping model
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Fig. 1 Evolution principle of half-cycle negative stiffness friction damping model
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Fig. 2 Working principle of half-cycle negative stiffness friction damping in structure
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Tab.1 Main performance and technical parameters of

shaking table
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Fig. 5 3D model of half-cycle negative stiffness friction

damping device
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Fig.6 One-way friction damping system
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Fig.7 Alternating transmission system
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Fig. 8 Working process of half-cycle negative stiffness

friction damping device
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Fig.9 Test photographs of half-cycle negative stiffness

friction damping device
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Fig. 10 Experimental results of half-cycle negative stiffness

friction damping device
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Fig. 19 Displacement time history of the shock absorption
floor (first floor) with half-cycle negative stiffness

friction damping device arranged on the first floor

20 6 3 1 7E )2 A 2 A 6 W R R 4 R e
BH M PGA=0.2g M 0.25g I BZEE ()22
[i] 57 F% U8 7% A5 R XS Fe o3 B, R R ()2 ) IR H 3

PRI 45 23 I 2 ) I AV 13 | R 45 A0 57 % o 107 5 K 114 ) 2L
M PGA=0.2g I , 5 J5L 45 ¥ A Lt , 75 H#b 7% 3 North-
ridge,, Hector, Kobe Ml Friuli F , il ZEE( - Z )W
J5 AR R 4y B R 88.02%, 90.15%, 84.60% FI
92.05% ;% PGA=0.25g It , 5 JEL 45 ¥ A 1L, 76 Hb 7=
7)) Northridge , Hector, Kobe # Friuli T , 52 )2 ( —
JZ) B ¥ 75 O RE R g i D 85.410, 78.610,
79.48% F1 88.89% , B # Hb 7% 2 fin R W A (1) 1
K, 2 T IR TR 4 BELJE 1) 9 R 80 R (R R S BT B
&,



430 B T B % W 5537 4%
4 ZJEPGA=0.2g b ZJEPGA=0.25g W ZJEPGA=0.2¢g g = EPGA=0.25g
g g 20! g
~ p ~
2 » oLt
: = ol AT 2
1K il Y
-40 . L | L
0 5 10 15 0 5 10 15
N iE /s N iE /s
(a) Northridge (b) Hector
0 ZJEPGA=0.2g 20 ZJ2PGA=0.25¢ 40 ZJEPGA=0.2¢g PP ZPGA=0.25g
g g g 2 g
S ~ ! I e
% f % % 0 visTy '1” 'l'l'l'l'l'l MMM %
= = = 20 =
1K il i il
= : : = . . 40 -40
i 5 10 15 40o 5 10 15 0 5 10 15 0 5 10 15
] / s 18] /s ] / s ] / s
(c) Kobe (d) Friuli

— AR R R BT 5, — RS, - IR R BT R

&1 20

TR A TR G P B R R SR (R ) (8RS IR R R L

Fig. 20 Displacement time history of the shock absorption floor(second floor) with half-cycle negative stiffness friction damping

device arranged on the second floor
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Tab.3 Comparison of peak displacement between layers of structure under different loading cases(Unit: mm)
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Fig. 21 Comparson of the peak acceleration response of

structural top floor under different loading cases
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Tab.4 Comparing the peak acceleration response of each floor of the structure under different loading cases(Unit: g)
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Shaking table test of a half-cycle negative stiffness friction damping device

SUN Tian-wei'?, PENG Ling-yun', LI Xiao-jun'’, FANG Guo-wei’

(1.Beijing Key Laboratory of Earthquake Engineering and Structural Retrofit, Beijing University of Technology,
Beijing 100124, China; 2.Department of Civil Engineering, Tsinghua University, Beijing 100084, China;
3.Institute of Geophysics, China Earthquake Administration, Beijing 100081, China;
4.China Academy of Building Research, Beijing 100013, China)

Abstract: The shaking table test of a half-cycle negative stiffness friction damping device with negative stiffness characteristics is
carried out. Taking a four-floor steel structure frame as the seismic reduction research object, the half-cycle negative stiffness fric-
tion damping devices were arranged on the first and second floors of the steel structure frame respectively, and the seismic response
of the structure under different ground motions was analyzed. The results show that the half-cycle negative stiffness friction damp-
ing device can control the acceleration and displacement response of the structure, and better seismic reduction effect can be ob-

tained if it is arranged on the position with large structural deformation.
Key words: seismic reduction; negative stiffness;half-cycle; friction damping ; shaking table test
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