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6 2 325 0.01 650
7 2 100 0.01 200
8 2 100 0.01 200
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Fig.4 Results of strain energy method and modal damping
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Tab.2 Comparison of additional damping ratio obtained

by different methods

SO A5 RE P35 BHLJE AR RE 15
B E B T, - I2UN R = FN
{E/ % {EH/% {H/ % H/%

0.8T, 2.05 4.00 1.23 3.20
1.0T, 2.09 3.98 1.22 2.84
1.5T, 2.10 4.00 1.20 3.29
2.0T, 2.24 3.89 1.28 2.70

x3 FEMER TR NG RE Xt
Tab.3 Comparison of additional damping ratio under

different seismic waves

N A E T 15245 BH JE #E RE v

T.o - IS PN ] PN
18/ % 186/ % 1B/ % {8/ %

El Centro 2.09 3.98 1.22 2.84
Taft 1.42 3.51 0.89 2.64
Tacy 1.28 4.31 0.79 2.70
Artifl 1.23 4.47 0.71 3.62
Artif2 2.04 5.30 1.25 3.82
R 1.61 4.31 0.97 3.12
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Tab.4 Additional damping ratio of the first round design

. Bt n A &4 BELJE He / Y Sy

RSN1489 RSN1511 RSN1528  f8/%
1 0.1748 0.1026 0.1511 0.1428
2 0.4041 0.2458 0.3451 0.3317
3 0.4068 0.2576 0.3495 0.3380
4 0.3442 0.2282 0.3035 0.2920
5 0.1830 0.1233 0.1606 0.1556
6 0.1333 0.0879 0.1128 0.1113
7 0.0262 0.0167 0.0215 0.0215
8 0.0088 0.0056 0.0073 0.0072
4 1.6812 1.0677 1.4514 1.4001
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Tab.5 BRB elastic stiffness of the all rounds design

%Rt Eoimtitel gy 9 =it
JEE A/ PR/ FPER R/
(kN*mm ') (kN mm ') (kN+-mm ')
1 500 1500 3500
2 500 2500 7000
3 550 2750 5500
4 550 2500 4000
5 325 1300 2500
6 325 1000 2000
7 100 50 -
8 100 - -

xo6 FE_®miGHHIMMEMERL
Tab. 6 Additional damping ratio of the second round

design
. BN &4 BHLJE H/ % S

RSN 1489 RSN1511 RSN1528  fH/%
1 0.3019 0.2049 0.2940 0.2669
2 1.0179 0.6909 0.9914 0.9001
3 0.8894 0.6037 0.8662 0.7864
4 0.7666 0.5204 0.7466 0.6779
5 0.5237 0.3554 0.5100 0.4630
6 0.4695 0.3186 0.4573 0.4151
7 0.0227 0.0154 0.0221 0.0201
4 3.9917 2.7093 3.8876 3.5295

(3) %5 =% BRB £ 4L i Bk im A B Je ke sk 7
Bz o ] WLBRH AT SRR F L 28 3k B S5 R A 5k
FHJE bC , BLJZ B35 A W A6/ T2 T A2 78 A BRAEL, 3¢
TR AR A .

Sk AR TR BRI RCBH R ORI B2 L 45 R

R7T E=EITHHMERERL
Tab.7 Additional damping ratio of the third round design

. B I A7 BB e L/ 6 T

RSN1489 ~ RSN1511  RSN1528  fH/%
1 0.2899 0.1914 0.2735  0.2516
2 1.3573 0.8963 1.2805  1.1780
3 1.0872 0.7179 1.0256  0.9436
4 1.0110 0.6679 0.9541  0.8777
5 1.0433 0.6890 0.9843  0.9055
6 1.1909 0.7864 11235  1.0336
¢, 5.9796 3.9489 5.6415  5.1900
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Time-varying damping ratio and displacement double objective design
method of BRB damping structure

WU Shan, HE Hao-xiang, CHEN Yifei
(Beijing Key Lab of Earthquake Engineering and Structural Retrofit, Beijing University of Technology, Beijing 100124, China)

Abstract: Additional damping ratio (ADR) is an important performance parameter in the design of energy dissipation system. The
ratio of the hysteretic energy dissipation of the damper to the total strain energy of the damping system is used as the quantitative
ADR in the traditional method, and the bi-linear model is usually used to calculate the hysteretic energy dissipation of the buckling-
restrained brace (BRB). The accuracy of the above calculation methods is low. The explicit analytical expression of the hysteretic
energy of Bouc-Wen model which can accurately characterize the hysteretic performance of the damper is derived by integral meth-
od, and time-varying ADR calculation methods based on the strain energy method and the modal damping energy dissipation meth-
od are proposed. In order to accurately achieve the damping ratio of the damping system, the inter-story displacement angle and
damping ratio of the damping system are taken as the control objectives, and the layout scheme and damping force of the damper
are taken as the design variables. The design method of damping ratio-displacement double objective is proposed. The iterative de-
sign and analysis of a RC frame damping system are carried out. The reasonable length of time interval for calculating time-varying
hysteretic energy is determined, and different calculation methods of time-varying ADR are compared. The results show that the
ADR based on the strain energy method is larger, which is not conducive to the structural safety. It is suggested to use the average
value of modal damping energy dissipation method to characterize ADR. The double objective design method is reasonable, and

the performance requirements are more detailed and accurate.

Key words: energy dissipation; additional effective damping ratio;strain energy method ; modal damping energy dissipation method ;

buckling-restrained brace
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