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Abstract ; To analyze the effects of Rayleigh damping coefficients reference frequency selection method on structural
seismic response, some methods to estimate Rayleigh damping coefficients including the frequency contents-based
second reference frequency, IDRISS method, traditional method and the optimization method were compared by the
errors of top displacement and base shear with a 85.2 m length, 61.8 m width reticulated shell. As for the frequency
contents of earthquake waves, the statistics ranges of the peak and centroid frequencies of pseudo-acceleration-,
pseudo-velocity- and displacement response spectrum were discussed. The numerical results show that: the second
reference frequency specified by the peak and centroid frequencies of the pseudo-velocity- and displacement
response spectrum as well as peak frequency of the Fourier spectrum make the response results smaller than the
exact ones. The estimation error is reasonable, which the second reference frequency is equal to the peak and
centroid frequencies of the pseudo-acceleration response spectrum in the range below the fundamental frequency. It
is suitable that the reference frequency is estimated by the smoothing peak frequency of the Fourier spectrum in the
IDRISS method when the predominant frequency of earthquake wave is greater than the fundamental frequency of
structure. Optimization method can get the Rayleigh damping coefficient directly, eliminate the arbitrariness of
reference frequency and have high calculation accuracy.
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Fig.3 Acceleration histories of earthquake waves
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Tab.4  Reference frequencies under the y direction seismic Tab.5  Reference frequencies under the z direction seismic
input Hz input Hz
: f; : f;
WS Ik Ji ECVIES Ji
El Centro  Northridge  Tianjin El Centro  Northridge  Tianjin
JRa 0.896 2.174 4.167 3.448 JRa 1.273 2.174 4.167 3.448
Jry 0.896 1.163 1.075 0.909 Jre 1.273 1.163 1.075 0.909
Sra 0.896 0.980 0.896 0.896 Sra 1.273 0.980 0.896 0.896
Sre-a 0.896 1.852 1.855 1.577 Sre-a 1.273 1.852 1.855 1.577
fng,‘ 0.896 1.428 1.418 1.293 fng,‘ 1.273 1.428 1.418 1.293
Sre-a 0.896 1.259 1.247 1.178 Sre-a 1.273 1.259 1.247 1.178
Jr 0.896 1.467 0.833 1.100 Jr 1.273 1.467 0.833 1.100
fp 0.896 1.633 1.433 1.000 fp 1.273 1.633 1.433 1.000
I-1 0.896 2.688 0.896 2.688 I-1 1.273 3.819 1.273 1.273
1-2 0.896 2.688 2.688 2.688 1-2 1.273 3.819 3.819 1.273
i=1 &;j=19 0.896 2.905 2.905 2.905 i=3 &j=45 1.273 4.443 4.443 4.443
i=1&j=2 0.896 1.055 1.055 1.055 i=1&j=2 0.896 1.055 1.055 1.055
Ptk 0.896 2.944 2.923 3.098 e 1.273 3.869 4.036 3.673
%6y FEMERAT u, HATEE

Tab.6  The relative error of displacement Uy, under the y direction seismic input %
HETE  fra Sy Jra Srea Srev Srea Jr Jr I-1 -2 i=1&j=19 i=1&j;=2 f{ifk
El Centro  0.030 -0.065 -0.083 0.002 -0.038 -0.055 -0.034 -0.018 0.070 0.070 0.086 -0.075 0.093
Northridge —0.063 0.255 0.301 0.102 0.178  0.214 -0.322  0.175 0.301 0.011 -0.002 0.259 0.001
Tianjin ~ -0.001 -0.021 -0.022 -0.013 -0.016 -0.017 -0.018 -0.020 -0.005 -0.005 -0.003 -0.019 -0.004
e, -0.011 0.056  0.065 0.030 0.041 0.047 -0.125 0.046 0.122  0.025 0.027 0.055 0.030
e, 0.031 0.114  0.135 0.039 0.077  0.095 0.125 0.071 0.125 0.029 0.030 0.118 0.033

£7  HEMEHAT u, WAL

Tab.7 The relative error of displacement u,, under the z direction seismic input Y%
R fr S Sra Srg-a Srev Srg-a fr fr -1 -2 i=3&j=45 i=1&j;=2 fifk
El Centro -0.753 -0.870 -0.881 -0.795 -0.845 -0.862 -0.841 -0.822 -0.560 -0.560 -0.495 -1.724 -0.552
Northridge -0.144 -0.456 -0.487 -0.341 -0.401 -0.427 -0.499 -0.399 -0.423 -0.165 -0.124 -1.278 -0.149
Tianjin -0.348 -0.320 -0.318 -0.361 -0.350 -0.343 -0.338 -0.329 -0.349 -0.349 -0.321 -1.225 -0.343
e, -0.415 -0.549 -0.562 -0.499 -0.532 -0.544 -0.559 -0.517 -0.444 -0.358 -0.313 -1.409 —-0.348
e, 0.415 0.549  0.562 0.499 0.532 0.544 0.559 0.517 0.444 0.358 0.313 1.409 0.348
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Tab.8 The relative error of base shear F under the y direction seismic input %
WAL fu e S S Jae Jaa S fe 11 12 i=1&j=19 i=1&j=2  fifk
El Centro -0.643 -3.484 -4.214 -1.373 -2.566 -3.134 -2.443 -1.952 0.290 0.290 0.616 -3.905 0.676
Northridge 0.780 -1.673 -2.008 -0.624 -1.143 -1.391 -2.136 -1.123 -2.008 0.065 0.201 -1.707 0.215
Tianjin 0.092 -0.171 -0.176 -0.041 -0.087 -0.109 -0.126 -0.148 0.061 0.061 0.072 -0.136 0.079
e, 0.076 -1.776 -2.133 -0.679 -1.265 -1.545 -1.568 -1.074 -0.552  0.139 0.296 -1.916 0.323
3 0.505 1.776 ~ 2.133 0.679 1.265 1.545 1.568 1.074 0.786  0.139 0.296 1.916 0.323

e‘d
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Tab.9 The relative error of base shear F, under the z direction seismic input %
WETE  fr Sy Sra Sreg-a Sre—v Sreg—d Sr Se I-1 -2 i=3& =45 i=1¢&j=2 etk
El Centro -1.668 -3.8890 -4.495 -2.222 -3.150 -3.604 -3.053 -2.668 0.067 0.067 0.463 -5.994 0.103
Northridge 0.084 -1.096 -1.259 -0.593 -0.841 -0.960 -1.323 -0.831 -0.940 0.019 0.130 -1.552 0.061
Tianjin 0.208 -0.383 -0.389 -0.144 -0.232 -0.273 -0.302 -0.343 -0.239 -0.239 0.324 -0.681 0.237
e, -0.459 -1.789 -2.048 -0.986 -1.408 -1.612 -1.559 -1.281 -0.371 -0.051 0.306 -2.742 0.134
e, 0.653 1.789 2.048 0.986 1.408 1.612 1.559 1.281 0.415 0.108 0.306 2.742 0.134
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Fig.7 Time histories and Fourier spectra of point A displacement
under the El Centro wave
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