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(a) Stiffness of the original structure and hysteretic model of
half-cycle friction damping

s

=N
s .
- i
4 Sl
> i
Vi Z
2 4
4 2 4 u
/ k. /
/ y
’
/, v

(b) HEERIEERE
(b) Composite system hysteretic model
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Fig. 1 Half-cycle friction damping hysteretic model and com-

posite system hysteretic model
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Tab.1 Parameters of single degree of freedom
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Tab.2 Maximum story drift and equivalent negative

stiffness
SN =1 A7 W R 7 W B
WO 3 44 i de:}?:ll LG VJJILZ JA F‘JJF
{7 %% /mm /(kN-m™) /%
Duzce 84.11 9.08 14.72
Northridge-01 63.87 11.96 19.39
LLoma Prieta 50.81 15.04 24.38
Chi-Chi 62.48 12.23 19.83
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Tab.3 Seismic wave basic information
R F My BN HEA Byl
Duzce 1999 7.1 Duzce i 37 =
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Fig.2 Time curves of seismic waves
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Fig.3 Response spectrum of seismic waves
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Fig.4 Time history curve and local enlargement of vertex ac-

celeration of Loma Prieta
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Tab.4 Periodic change (Unit: s)

o 5 44 et R kv
Duzce 0.69 0.73 5.80
Northridge-01 0.30 0.37 23.33
LLoma Prieta 0.78 0.83 6.41
Chi-Chi 0.89 0.95 6.74
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Tab.5 Shock absorption rate/%

HuE g 44 PR FERR M JRET TN
Duzce 43.17 43.23 33.45

Northridge-01 14.38 14.32 10.24

Loma Prieta 37.09 37.13 23.29
Chi-Chi 27.82 27.79 15.53
S-H{E 30.62 30.62 20.63
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Fig.5 Schematic diagram of half-cycle friction damping de-

vice
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Fig. 6 One-way gear friction device
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Tab. 6 Main sizes of device
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Fig.8 Test photo of half-cycle friction damping device
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Fig.9 Experimental hysteretic loops of half-cycle friction

damping device
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Tab.7 Basic design parameters of the model

E2 24 2 P 24
RSB R S04F | BUm B 43
Bt AR I 4l ST | BUAR R ZLE 8 (0.2¢)

9 1.2 5 M2 | SkRaEE M 0.55s
k=9 3 kN/m? = 3 kN/m?
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Tab.8 Parameters of structure size
2B Rt
S AF R/ (mm X mm) 700700
F 3 /(mm X mm) 700 300
PR/ (mm X mm) 600 300
B )5 /mm 120
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Fig. 11 Layout of half-cycle friction damping device
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Tab.10 Maximum story drift and equivalent negative

stiffness

j ok R SEARIE/ SR
ﬂﬂﬁ:@zij]@ffj( j = j %“Exﬁl) J_lx JOR
L F% /mm (kN+-m™") te/ %
— 2 15.96 9.58 < 10" 7.10

Duzce
Y 5= 25.89 5.90 < 10* 7.57
Northridge- —Jz 7.76 1.97X10° 14.62
01 Y= 12.55 1.22X10° 15.62
— = 9.40 1.63X10° 12.08

LLoma Prieta

—)Z 15.79 9.68 <10 12.41
—J2 8.04 1.90 X 10° 14.06

Chi-Chi
= 13.09 1.17x10° 14.98
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Fig. 12 Structural interstory drift angle under different seis-

mic waves
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Tab. 11 Damping effect of base shear(Unit:kN)
. R R EEE
= N )3 \éé(: 4
i 72 30 4 Fi mah T e
Duzce 30733 23750 21513
Northridge-01 15748 11946 10461
Loma Prieta 19327 15599 12360
Chi-Chi 13574 11596 11140
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Fig. 13 Structural shear force under different seismic waves

P 14 Oy it 245 A R > Jo] B 452 BHLJE Uk 72 45 4 7 Ml
R I i A3 4548 v B BE B L, AT LUA T A
2 J R A B e e U TR R W, S B A B 45

00,
—~ M
g 2000} 1
e 1
.|
s
é [~ --- BE&H
i 1000L [ — HAEEHESH
i !
0 . . ,
0 10 20 30
I 1E /s
(a) Duzce
2000
E 1500
Z A
() e
= 1000 I
1 - R
# 500 — P EEEBEN
i
0 s - .
0 10 20 30
i iE /s
(b) Northridge-01
20007
g 1500f femsmmmmmmm
é 1000} :A. !
i - JRGHY
2 500] — RS MR A
0 2 B L y
0 10 20 30 40
iR /s
(c) Loma Prieta
so0p ~~ JREIA
— pJHEEEREN
= I S
g 400 .,"
Z 300¢ L)
o 200t
3‘1&3
100}
0 - ; .
0 10 20 30 40
FF 1) /s
(d) Chi-Chi

14 2% L gl A S5 BE B XS L

Fig. 14 Input energy of different seismic waves

4 e 1) B R A 0 D (8 45 4 A M2 T i 52 S B
AN o 255 T 2, ol T A0 R S AE R A
BN A RE R AN WL, BE A M= 3 e 1 12 Y
PN NG Ry iR b SR TR WA NS R LY i
{EARBOR W3 .

P15 25 T 545 A A - Ji] R 452 BHLJE Uol 7R 45 1
O sk B2 o R A e lh 2 % L o ol PR AT %07 SR



354 W& L

T

%34 %

FE 0 AR 1 Mo 3% 1 28 245 g ) 2, >4 b 7 Ofe Il 1f I E
PR A9 45 kg 7 By, SCRE P GIE 45 A4 PN 38 20 7 Y
7

MR 15 v A W L A T A B g ok S 4 40 )
AR o T AR S S R A L JE e 5 5 T DASEE R
S5 K JH I8, 092k M R sl AR T JE P 0 R K

200 Four!
40 e 1
~ 10 ! :
en 1 0.47 /
- 2 st LN
g 85.05.25.45.65.8
~ 0
i
his]
5 20 --- FgH
— e BRI R 451
-40
0 10 20 30
IF1E /s
(a) Duzce
207
< 10t
£
= 0
=
N B
R 3
— LA R
_20 N L 3
0 10 20 30
FFIE] /s
(b) Northridge-01
10f -d-=s2oe
20¢ gl 0.28:
' 6
s 07 4
&
< 0
=
pis)
= -10p - R
3 ] BRI JE 45 4
-20
0 10 20 30 40
BFIE /s
(c) Loma Prieta
g
=
gl
& I0F gy !
o — FHEEEBEN ,
0 10 20 30 40
FIE] /s
(d) Chi-Chi

P15 T fin st JBE el 7 ol £ 700 Jm) 3 ik oK ]
Fig. 15 Time history curve and local enlargement of vertex

acceleration
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Tab. 12 Periodic change(Unit:s)
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Development and application of half-cycle friction damping device with

negative stiffness characteristic

FANG Guo-wei', SUN Tian-wei', PENG Ling-yun', TIAN Jie', KANG Ying-jie’
(1. Beijing Key Lab of Earthquake Engineering and Structural Retrofit, Beijing University of Technology, Beijing 100124, Chi-
na; 2. Department of Civil Engineering, Tsinghua University, Beijing 100084, China)

Abstract: Half-cycle friction damping device with negative stiffness characteristic, which only needs to be arranged at the bottom
floors to dissipate energy and reduce shock, is proposed in this work. Due to the stable mechanical properties, simple structure,
and large stroke of this device, it can be readily applied in engineering. The expected hysteretic model is obtained by the perfor-
mance test. Shock absorption simulation analysis for single degree of freedom and frame structure is realized in this work. The re-
sults indicate that the half-cycle friction damping device can increase structural damping, extend structure cycle and control the seis-

mic response of the structure.
Key words: shock absorption; negative stiffness device; half-cycle friction damping device; performance test; numerical simulation
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