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A Symplectic Algorithm for Dynamic Response Analysis of
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Abstract. According to the basic idea of classical yin-yang cbmple‘mentarity and modern dual-comple-
mentarity,, the unconventional Hamilion-type variational principle in phase space for dynamics of Timosh-
enko beam with linear damping is established, which can fully characterize the initial-boundary-value
problem of this dynamics. And it’s Euler function has symplectic structure character. Based on this varia-
tional principle in phase space, a symplectic space finite element—time subdomain method is presented.
This new method is the result of combining finite element method in space domain with time subdomain
method by applying the Lagrange interpolation polynomials as approximation to the time subdomain. The
numerical results show that the stability, convergence, computational accuracy and efficiency of this new
method obviously improve those of widely used Wilson-8and Newmark-B methods.
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A1 BB LBEIREG T EFRE (At=0.000 1 s)
Table 1 Dynamic deflections at mid - span of Timoshenko beam with two fixed ends (A#=0.000 1 s)
i/ =31k 4 AS SR/ mm Wilson ~ 0 ¥ Newmark - B &
mm 5H=At 5H=5At 4H=At 3H=MA\ 0=1.4,Ac B=0.25,At
0.0002 0.0062 0.0062 0.00 0.006 1 1.61 0.0062 0.0062 0.0058 6.45 0.0063 -1.61
0.0004 0.0284 0.0283 0.35 0.028 4 0.00 0.0283 0.0284 0.0265 6.69 0.0275 3.17
0.0006 0.0575 0.0574 0.17 0.057 5 0.00 0.0575 0.0575 0.0556 3.30 0.0566 1.57
0.0008 0.0729 0.0729 0.00 0.072 8 0.14 0.0729 0.0729 0.0747 -2.47 0.0738 -1.23
0.0010 0.0745 0.0745 0.00 0.074 4 0.13 0.0745 0.0744 0.0790 -6.04 0.0769 -3.22
0.0012 0.0831 0.0831 0.00 0.0832 -0.12 0.0830 0.0831 0.0837 -0.72 0.0827 0.48
0.0014 0.1075 0.1076 -0.09 0.107 4 0.09 0.1075 0.1075 0.1014 5.67 0.1041 3.16
0.0016 0.1297 0.1297 0.00 0.129 6 0.08 0.1297 0.1298 0.1253 3.39 0.1280 1.31
0.0018 0.1336 0.1336 0.00 0.1338 -0.15 0.1335 0.1336 0.1388 -3.89 0.1377 -3.07
0.0020 0.1305 0.1307 -0.15 0.1306 -0.08 0.1305 0.1303 0.1386 -6.21 0.1341 -2.76
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Fig. 1 Timoshenko beam with two simply supported ends
(ratio of depth to span =4/10, A¢t=0.0001 s)
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