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Cable-bracing inerter system and its application in steel structure
subjected to bi-directional ground motions

KANG Jianfei' XUE Songtao' > XIE Liyu'
1. Department of Disaster Mitigation for Structures Tongji University Shanghai 200092 China;
P 2 2) y 2
2. Department of Architecture Tohoku Institute of Technology Sendai 982-8577 Japan)

Abstract: Recently the inerter systems have received widespread attention from scholars as an efficient passive
damping system. Among the inerter systems the cable-bracing inerter system ( CBIS) benefits from cross-ayer
convenience and has significant economic advantages. In order to investigate the damping performance of the CBIS
under the action of bi-directional ground motions a bidirectional vibration control method for the CBIS and a practical
design process were proposed. The lever mechanism was used to simulate the steering characteristics of the cable—
bracing system and the topological combination of the elements was used to simulate the inerter system. The finite
element model of CBIS was implemented in OpenSees. The performance of the crossdayer installed CBIS used in a
real-world steel structure was evaluated in both directions using ground motion data measured at the site. The finite
element calculation results show that the developed finite element model of the CBIS can well represent the efficiency of
displacement transfer and characteristics of inerter. The effective bi-directional damping performance and the
significant damping efficiency of the CBIS designed based on equivalent parameters are verified providing a basis for
further practical use of the CBIS.

Keywords: cable-bracing inerter system; steel structure; bi-directional ground motion; OpenSees; damping

performance
(2021YFE0112200) (20ZR1461800) -
1994 o email: kangjianfei@ tongji. edu. cn
: 1978 o email: liyuxie@ tongji. edu. cn
12021 10

11



12

13
’ 1.1
’ 1.
46
Kawamata ’
- 1999 Arakaki = **
Tkago "
1
( Fig. 1 Cable-bracing inerter system
)
(
)
Zhang "
° o 2
12
J2m.  J2m
T = - =0
i L(| Xy Ld d
Je(2m) . J.(2m)° 8J,7 ..
0 b, = 2 Xy + 2 Xy = 2 X
Ly Ly Ly
T, P, o
° 1 Ld ' xd
2
o OpenSees S Fig.2 Self-balanced inerter



4 20 t

m, o (1) (2 w, = 11. 63 rad/s =

m, o 0.02, 3.4 10 t.

( ElasticTimoshenkoBeam) 1.3
o, 2.4 13 500 kN/m.
1.2 3.4 ( rigidLink)

1.2.1 o 11
wn=0.0242 k=0.0254 £=0.002 2,
OpenSees o B=0.707 11 13

0.684 t
o OpenSees V 3.3.0 96.935 kN/m
3 o 1.445 kN/(m * s) o
element inerter $clcTag $iNode $jNode -dir Sdirs -inertance Sinertance 4

e.g. element inerter 1 1 2 -dir 1 -inertance 10

3 U+ 2wt + wu + kog(u —u,) =-1u, (3)
Fig.3 Command to construct an inerter element Mue + 2¢wyu, + ng( u, —u) =0
uou,
OpenSees Lu, B
4 Wi, u, =u;, /B
OpenSees
o 3
( 4 800 mm 3080 mm) . 12,2
200 mm
4
5 o
4
Fig.4 Modeling cable-bracing inerter system in OpenSees 5

Fig.5 Displacement transfer function of CBIS

( equalDOF) 5 (3)
6 9
1 2 H(a) =
° (k - o’u + 2&ai) /v,
( zeroLength) 1 .6 2 - (1 -0)(k -pa®) -pra® - (4)
<9 2(1 + k — o) éai + 20 ( ’ui — ki + 2a)
( 10 ~* kN/rad)

OpenSees o °

13



Wy
find y ={m, ¢, w,}

to minimize J ()
o/ VT -p (X

6 subject to ¥y < vy, 0, =
w,/ /1 -p, (Y

Fig. 6  Constitutive relationship of inerter

wxl wyl ( X )
2 ) e Mo
(5) ; J.
° ’ 1749
Y
1 L.
O~ 00 s Kanai-Tajimi
17
M o
pir) = M (5) (8)
e} ' M{g} — (
Lmy M, )3 Mg~ Cq w,) o
{ e}
1749 , r(‘
1)
T X Y
r =9 0 B0 = B O 0
' Ly Ja W, W,
(6) 2) * X
: irl ‘jd .
B
B 71urget°
H, 3)
B’ .
= 7
SR v (55 X v
)7

14



4) X w, Y w, o NonlinearBeamColumn

Y targer (8) o rigidDiaphragm
X Y R
5) .
2) .1 3
o ls o 9 3
o 1 2
3 X 3 \
1
3.1 Table 1 Details of structure
8 1 2 3 4 5
o 7 . (X ) 48 m /s 1.166  1.090 1.050 0.393 0.373
(Y ) 9.6m 30.8 m. /(rad*s™') 5.389 5.766 5.986 15.991 16.824
4 m

8 m 3
3.8 mo

7 21

Fig.7 Steel structure of a university in Sendai Japan *'

0 8
OpenSees
o Steel02
9 3
Fig.9 The first three modes of structure
3.2
3.2.1
8 GB 50011—2010 { »
Fig.8 Finite element model of steel structure X Y

15



k, - 10
= (10)
F_, S, o
2
2
Table 2 Equivalence parameters for optimal design
£ /(KN *m)
/kg
X Y
3 439 675.80 155 441.57 143 327.78
4 341 837.00 393 625.88 334 476.13
5 329 122.40 308 033.51 276 191.21
6 325 982.40 275713.75 244 125.72
7 319 381.40 268 593.38 218 483.72
8 316 817.40 255232.26 184 945. 44
306 084. 00 230414.75 136 351.24
3.2.2
X
Y o
o X
11
X (48 m)
5 Fig. 11  Efficiency quantification of vertical installation
position of cable-bracing inerter systems
O-@ o Y
Y .6
(9.6 m) . 3
4
BONONOR(S;
(ONOGRONIY . 6 12
10 o
10
Fig. 10  Plane layout of cable-bracing inerter systems
2
o (11)
11 &
- m,
W= (11)
{o} 'M{ g}
X
( 8 ) 0. 708,
Y 6 12
0.103. (ONO) Fig. 12 Finite element model of controlled system

16



X Y Y 0.3903

5.766 rad/s 0.5 . 15
5.389 rad/s (8) Record—4
X v U, U, X Y
( .
) 3 . (5) X
Y
[ TS 0.105 0.096,

3
Table 3 Designed parameters of CBISs

malt  cg/(KNem™ ¢s) @ /(rad*s")

X 194.032 622.291 6.096
Y 1229.167 3879.89%4 5.667
3.3
4 13 Record4
Fig. 13 Acceleration time history curve of Record—4
. 2011 3 11 8 Y
Record—4 13
( )
X Y 6
14 o 5
4
Table 4 Information of recorded ground motion
/(mes7?)
X Y
Recordd 2003-0526 0.996 2 1.298 5
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Fig. 14 Drift ratio response of controlled and
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Table 5 Damping performance of CBISs

X Y X Y
Record4 0.4050 0.394 1 0.538 4 0.700 3
Record2 0.4679 0.4237 0.558 6 0.5287
Record3 0.4210 0.2772 0.6316 0.3152
Record—4 0.414 4 0.3903 0.4627 0.456 4
Record-5 0.6052 0.4954 0.7539 0.5728
0.4627 0.396 1 0.5890 0.5147
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Fig. 15 Bidirectional displacement response
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