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i&%{’ﬁﬁﬁ?}%’lﬁ] ﬁ%ﬁl I;E{Ej\j 1/60, Wﬁ?ﬁiﬂi‘% RSN-1489 Chi-Chi, China 1999 TCUO049
J2 1] Se B K AR U —66 mm. 2238 Al 558 4 72 RSN-169  Imperial Valley, USA 1979 Delta
T BHLJE i B fin 2 & BEJE e H AR 2300 S 1306 A7 06 RONTIOA0 ChirChi, China D Teule
I 7 8 o Sl R A GE IMURE 5 07 5 SCI IR O
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Fig.9 Target response spectrum and average response spec-

trum of selected seismic waves
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Tab.4 Parameters required for preliminary geometry optimization of toggle mechanism

. ER R S A& 58 MR 5 LAY IS AL

s P B[] JZ 1 — e Ui/ H JZ RS 7 ) ] 2 Ui/ H
1 0.0950 0.6691 0.0123 0.5814 0.0157
2 0.2486 0.9116 0.0167 0.4482 0.0165
3 0.4073 1 0.0183 0.4482 0.0181
4 0.5569 0.8618 0.0158 0.4482 0.0156
5 0.6912 0.6136 0.0112 0.4272 0.0106
6 0.8054 0.5112 0.0094 0.4272 0.0088
7 0.8961 0.4760 0.0087 0.4272 0.008
8 0.9610 0.4216 0.0077 0.4063 0.0069
9 1 - - - -
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Tab.5 Geometric parameter optimization results of traditional concave toggle schemes

" VI AR A U 5 B B2 L SR
- 0/(*) D(0) L/H e/ H L,/m 0/(*) D(0) L/H
1 2.7863 36.9756 3.5298 0.7036 0.0123 2.7863 36.9756 3.5298 0.7036
2 2.7734 38.3631 2.9696 0.7004 0.0188 2.7686 38.96711 2.7730 0.6991
3 2.7697 38.8224 2.8179 0.6994 0.0192 2.7677 39.0765 2.7398 0.6989
4 2.7757 38.0953 3.0648 0.7009 0.0158 2.7757 38.0953 3.0648 0.7009
5 2.7903 36.5925 3.7192 0.7046 0.0139 2.7811 37.5008 3.2969 0.7032
6 2.7977 35.9239 4.0983 0.7065 0.0114 2.7897 36.6505 3.6893 0.7056
7 2.8009 35.6473 4.2766 0.7073 0.0087 2.8009 35.6473 4.2766 0.7073
8 2.8060 35.2328 4.5723 0.7086 0.0077 2.8060 35.2328 4.5723 0.7086
F6 NIRRT ARILMSHRULER
Tab. 6 Geometric parameter optimization results for generalized convex toggle scheme
. WAL U] 2 K 45 IRZ L 2 54

Wz L,/m 6/(%) D(0) L,/H U/ H L,/m a/() D(0) L,/H
1 1.7715 5.2298 2.4968 0.9842 0.0157 1.7715 5.2298 2.4968 0.9842
2 1.7802 5.0369 1.8823 0.9890 0.0178 1.7942 4.7361 1.8195 0.9968
3 1.7974 4.6687 1.8060 0.9985 0.0181 1.7974 4.6687 1.8060 0.9985
4 1.7704 5.2544 1.9303 0.9836 0.0156 1.7704 5.2544 1.9303 0.9836
5) 1.7117 6.6389 2.1928 0.9510 0.0128 1.7385 5.9878 2.0120 0.9658

6 1.6883 7.2368 2.3888 0.9380 0.0100 1.7041 6.8307 2.2522 0.9467
7 1.6774 7.5263 2.4964 0.9319 0.0080 1.6774 7.5263 2.4964 0.9319
8 1.6617 7.9541 2.5433 0.9231 0.0069 1.6617 7.9541 2.5433 0.9231
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Tab.7 Damping coefficient value, maximum output and safety margin results
55 M 7 % Py X fh R T
HIZ B RB/kN. BESRA  Gafkht  MEERR/(N. HESHE Zefit MEERE/(kN. FHERHRK
(mmes )] H 71 /kN £, 4% (mmes™") 7] K A/KN fuk (mmes™") "] th J1/kN

1 6.50 169.35 0.1715 14.00 270.55 0.2554 50.00 615.77
2 6.50 187.00 0.1403 14.00 298.04 0.1345 50.00 702.31
3 6.50 174.13 0.1649 14.00 288.23 0.1910 50.00 645.59
4 6.50 186.75 0.1502 14.00 290.41 0.2361 50.00 653.82
5 1.80 51.42 0.1774 6.50 141.47 0.2097 10.00 133.09
6 1.80 57.33 0.1647 6.50 161.85 0.1665 10.00 144.01
7 1.80 61.96 0.2195 6.50 159.24 0.2112 10.00 146.61
8 1.80 62.69 0.2210 6.50 137.46 0.3320 10.00 134.67
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Fig. 11 Maximum envelope of story drift ratio
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Tab.8 Time-varying damping ratio average results
g 1 4 7 P A X £ O %
WM ZBMERE BN ZWHENE MRS SRR 5 R L
FLIE LM/ Y BB LR/ % BB LM/ % JEHE/ % JEHLHE/ % e MR/ %%
RSN-1489 21.25 10.43 13.89 9.94 22.55 10.45
RSN-169 21.34 10.10 14.32 9.01 22.76 9.68
RSN-1546 20.36 9.59 13.56 8.37 21.92 9.56
Z MR I T 20.98 10.04 13.92 9.11 22.41 9.90
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Optimal design method of generalized toggle mechanism oriented to
multiple performance and structural damping application

HE Hao-zxiang, LAN Bingji, CHEN Yi-fei, WU Shan
(Beijing Key Laboratory of Earthquake Engineering and Structural Retrofit, Beijing University of Technology,
Beijing 100124, China)

Abstract: The traditional toggle mechanisms occupy a large building space, and the current mechanism analysis on its time-variant
displacement amplification ability is not complete. In view of the above shortcomings, a generalized toggle mechanism (GTM) is
proposed, which occupies a small space and is flexible in layout. The traditional toggle mechanism can be regarded as a special
case. Based on the change rule of the displacement increment amplification coefficient of GTM, the corresponding comparison crite-
ria and simplified parameters of the displacement amplification capability are proposed, and a generalized toggle mechanism geo-
metric parameter optimization method based on the premise of reasonably determining the limit of the available side displacement of
the toggle joint is proposed. The relationship between the displacement amplification capability of GTM and energy consumption is
clarified. The method for calculating the additional equivalent damping ratio of GTM is proposed, and a design method of GTM for
multi-level seismic performance fortification is proposed by combining the time-varying damping ratio and the toggle geometry opti-

mization. The validity and feasibility of the design method are verified by analysis of examples.

Key words: generalized toggle mechanism ; seismic design method ;displacement increment magnification factor; geometric parame-

ter optimization method ; time-varying damping ratio
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