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Abstract: A new method of calculating earthquake response based on the cosine transform is proposed in order
to improve the calculating accuracy of earthquake response spectra. Convolution and differential theorems of
cosine transform are put forward and proved. By employing the transform as well as considering SDOF system’s
dynamic differentia equations as a starting point, the formula of cosine-transform-spectrum of earthquake
responses is deduced, and then a general expression of response spectrum is obtained. For approaching the
calculating accuracy, the response spectra of harmonic conditions is calculated by using exact and cosine
transforms respectively. Meanwhile the error analysis is done. It is concluded that the mean square deviation of
displacement, velocity and accelerate response spectra are 0.0012m, 0.003nvV/s and 0.16m/s” respectively
calculated by exact, while the result of cosine transform fit very well with theory, and the mean sguare deviation
are 0.0002m, 0.002nV/s and 0.36m/s?, when the load input is cos4nt, which shows the accuracy of displacement
and velocity increased nearly 6 and 1.5 fold, although the mean square deviation of acceleration response
spectrum is a little greater than that of an exact one; for the long period, the method of cosine transorm is
markedly superior to that of an exact one. And in the result of El Centro, the shape of three type response spectra
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issimilar, further confirmed the accuracy and reliability of the cosine transform method.
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Fig.1 Contrast analysisand error curve of response spectra by two method
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Tablel Theaccuracy of displace spectra of cosine transform
and exact method

(4:4%)
T— AR Wk
TR 0RO %)
3.8 0.09080  0.08864 -2.38 0.09348 2.95
4.0 0.09013 0.08797 -240 0.09297 3.15
4.2 0.08950 0.08733 -242 0.09231 3.14
4.4 0.08890 0.08673 -244 0.09156 2.99
4.6 0.08835 0.08617 -247 0.09149 3.55
4.8 0.08783 0.08580 -231 0.09146 4.13
5.0 0.08742 0.08560 -2.08 0.09127 4.40

£33 MAKRTHREBHEETENMREILEE /()
Table3 Theaccuracy of accelerate spectra of cosine
transform and exact method

Fs i Aﬁ%é‘z%?ﬁ& A LIRS
VR REI(%) R BRE(%)
0.2 1.08451  2.67199 146.38 1.13756 4.89
0.6 4.15837  4.06613 -2.22 4.14797 -0.25
1.0 161162  1.35981 - 15.62 1.61260 0.06
14 1.24120  1.19257 -3.92 1.22513 -1.29
18 1.14427  1.07158 -6.35 1.15664 1.08
2.2 110070  1.08276 -1.63 1.10777 0.64
2.6 1.06659  1.04112 -2.39 1.08019 1.28
3.0 1.05244  1.02890 -2.24 1.06186 0.90
3.2 1.04636  1.03518 -1.07 1.05495 0.82
34 1.04067  1.03013 -1.01 1.04913 0.81
3.6 1.03554  1.02911 -0.62 1.04418 0.83
3.8 1.03203  1.03058 -0.14 1.03995 0.77
4.0 1.02914  1.03036 0.12 1.03629 0.69
4.2 1.02662  1.02892 0.22 1.03312 0.63
4.4 1.02420  1.02677 0.25 1.03035 0.60
4.6 1.02220  1.02424 0.20 1.02792 0.56
4.8 1.02045  1.02163 0.12 1.02629 0.57
5.0 1.01890  1.01910 0.02 1.02478 0.58
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Fs i ARLAR IR b RIIRER
PR W) I BRE(%)
0.2 0.00187 0.00172 -8.02 0.00182 -2.67
0.6 0.02938 0.02888 -1.70 0.02939 0.03
1.0 0.01564 0.01518 -2.94 0.01557 -0.45
14 0.01176 0.01161 -1.28 0.01205 247
1.8 0.01222 0.01191 -2.54 0.01297 6.14
2.2 0.01231 0.01184 -3.82 0.01354 9.99
2.6 0.01169 0.01153 -1.37 0.0139 18.91
3.0 0.01208 0.01174 -2.81 0.01415 17.14
3.2 0.01204 0.01182 -1.83 0.01425 18.36
34 0.01201 0.01188 -1.08 0.01433 19.32
3.6 0.01206 0.01194 -1.00 0.0144 19.40
3.8 0.01210 0.01199 -0.91 0.01446 19.50
4.0 0.01214 0.01203 -0.91 0.01451 19.52
4.2 0.01217 0.01206 -0.90 0.01455 19.56
4.4 0.01221 0.01209 -0.98 0.01488 21.87
4.6 0.01224 0.01212 -0.98 0.01524 24.51
4.8 0.01226 0.01215 -0.90 0.01557 27.00
5.0 0.01229 0.01218 -0.90 0.01587 29.13
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Table2 Theaccuracy of velocity spectra of cosine transform
and exact method

T BT ST AEIR, ARSRARHEANR G ok DR AT
s B A

s R %GZ&W@& A Rk
A (%) W (%)
0.2 0.04454  0.04453 -0.02 0.04576 2.74
0.6 0.34965  0.34208 -2.17 0.34935 -0.09
1.0 0.14023  0.13848 -1.25 0.14316 2.09
14 0.12049  0.11940 -0.90 0.12160 0.92
18 0.10829  0.10686 -1.32 0.10608 -204
2.2 0.10043  0.09896 -1.46 0.09983 -0.60
26 0.09532  0.09387 -1.52 0.09890 3.76
30 0.09346  0.09140 -2.20 0.09603 2.75
32 0.09285  0.09076 -2.25 0.09443 1.70
34 0.09218  0.09006 -2.30 0.09374 1.69
3.6 0.09148  0.08935 -2.33 0.09377 2.50
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