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Abstract

Using the proper orthogonal decomposition (POD) based intrusive reduced order model (ROM), the total degrees of freedom of the
structural system can be significantly reduced and the critical time step satisfying the conditional stability increases in the explicit time
integrations. In this study, therefore, the changes in the critical time step in the explicit time integrations are investigated using both the
POD-ROM and Voronoi-cell lattice model (VCLM). The snapshot matrix is composed of the data from the structural response under the
arbitrary dynamic loads such as seismic excitation, from which the POD-ROM is constructed and the predictive capability is validated. The
simulated results show that the significant reduction in the computational time can be achieved using the POD-ROM with sufficiently ensuring
the numerical accuracy in the seismic analyses. In addition, the validations show that the POD based intrusive ROM is compatible with the
Voronoi-cell lattice based explicit dynamic analyses. In the future study, the research results will be utilized as an elemental technology for the
developments of the real-time predictive models or monitoring system involving the high-fidelity simulations of structural dynamics.

Keywords : structural dynamics, seismic analysis, explicit time integration, proper orthogonal decomposition, reduced order model,
Voronoi-cell lattice model
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2.1 Voronoi-Cell Lattice Model

Fig. 1-2 ¢ut2] Q1 v & (irregular) & &l 2] Voronoi-cell 2

A i~ 5 BTk s 840 4 5 Voronoi Alo] 214]

Fig. 1 3D Voronoi-cell lattice element /5with respect to the local
(x-y-2) and global (X-Y-2) coordinates
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top view, and (c) 3D view of the structural model

0.4

iig (2)

-0.21

-0.4 L L L 1 L L L I L 1 L L L I
0 2 4 6 8 10 12 14
Time (s)

Fig. 3 El Centro seismic data for ground acceleration



<+ @ Xroot mean square error, RMSE) &= 217} 3.91mme} 1.28
mm=z ==% 13, vl Ay} VCLMS 53
37} 9}e] F7]Up 212 o) A 712 S5k FEYS 2ela)
=y

o] 2%k FOM 84 ol thet 7] 2 % uje}o 2 POD-
ROME 283 S Al 2wo] 9] St Q1A A17H 2
312 A R gteh 3310 Al VLML == & w7 1 34
A= 2R F 6719 AR =S Zh=th whebA s A
Al 2| o] ZAA| A= me- e E 422] 64| o5 PODO]| A-§-5}
© S 71A HE | & rof Wt g2 AAR]) a4 b
gk 4 (6)2 X, AlitE fiske] A A mof Higt
FOM 9| 19} 555 AlZE o 2o whe}0.02s HA 0 &2 353}
L. o] At w2 Bt S AT HE X E 74]*&@
A THKrysl et al., 2001; Taylor ef al., 2011). & Ao A=
A S R
AES A EQLT, 2] F ZHo & 158 &35} o] %
ghol Eofmoll met a4 2 gohe 5 AL 1HA 2 )
I B3]

Fig. 5= r gkoll uh& ROM&| WaF ¥ 9)(z = 20m) -5 H3%
FOM®| A35 g7 Kozt et |4 At vl o] go]i

< 913l Fig. 60| 12.0s7} 12.5s A}o] 2] 7HS- B 3lo] Lpef]
Ak g AaE F8f r ko] Eolwwoll wheh Mg 2Eo] &
e ZE FAY 5= =t r ghol 150014 112 Hek uj

90
—=*— Previous study (Hwang et al., 2016)
—— FOM
45
=)
E o
xR
S
a5 |
Y} ) AR R R R A S S
0 2 4 6 8 10 12
Time (s)
(a) Z=20m
30 -
—=*— Previous study (Hwang et al., 2016)
—— FOM
15 i
i
g A
E o
5 |
¥ iU i
-15 + &
B30 L e e e e
0 2 4 6 8 10 12
Time (s)
(b) Z=10m

Fig. 4 Simulated results of the FOM for horizontal displacement
histories at (a) Z=20m and (b) 10m
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