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Fig.1 Calculation results based on RBF Fig.2 Schematic of a single-storey

plane rigid frame
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A B Z TR 22 A AR 7= 0.355 s, HU AL = 0.02 s, TR DI} ¢ = 3 s, 0 FH ANSYS #&
PSRN E PR R R T = 0.356 s, BEHH ANSYS SRR TF A 19K 4 AR 7 @A . ANSYS
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Table 1 Peak displacement response at the column top within the transient phase( harmonic excitation)

precise integration method ANSYS method analytic solution
peak displacement u /m -0.009 720 -0.010 13 -0.009 775
appeared time ¢ /s 0.62 0.64 0.62

TEWRAS KB BE, ANSYS BYTHRZEAN A ROV WEAE, 1T ELIEA AL, X RSB E T
SAT7 R AR T A B 0 SR 0 AR o) Rk PR T A TIC 7, B ¢ = 15 s, W IAJ DB A =
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0.02 s, BS54l =751, BEFHB G 1SS hE IE 2 A2 m 3 R AL, SRl 2Rk hat(5) LT3
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t,=65) ,5B—Bt6s KMNFE HEE I EEAE NG —Bot 5 RG24 08, %5 1R B ity Jr it 4l
R ST AR R R B — B B FI RIS A R, BT LR 3 RS EEAR = .m = 8.82 x 107, 15 ]
TAEE T R AE PR TR R — BT DT A ERAH ] R4 8h J1 R fiE s
P A R SRR P 5 T — R, ARG BEAR &7, T EL G S5 D A 2K TR
FARR R TR AR A 3 iR,
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Fig.3 Displacement response at the column top Fig.4 Schematic of three-storey shear frame

M3 AT LLE M AR TR RS S UG {E w(0.62) == 0.009 823 m, HZ5 R 5 i trfig Al 22 TC JL.
3.3 HfI3

B 3 nE 4 B 3 JE BT RIRE SR Ak R BRI A AR Z A T R (R R TR [k
FITFHHN m, = 1.8 x 10° kg, m, =m, = 2.7 x 10° kg, 52 B0 [ R BES> 50K &k, = 9.8 x 107
N/m, k, =1.96 x 10° N/m,k, = 2.45 x 10° N/m fEEZHIBHIE N Rayleigh BHJE , 5l 4 B 4 24 B
JRL &, =&, = 0.05. MR ARG WIIR SR (u(e) = 0, a(e) = 0), 433N 02507 New-
mark 5 . Wilson-6 725 A 407310 FA% ) 5k R BR0 BT A 12 T B8 AE S 485 1) 78 7K S 3 72 Bsf 174 o ekt i
i, (1) = cos t YEFI N3 I SOy (181 5 b it )
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bt ok w0 g of
g -0.005 = -0.005
g g
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Fig.5 Displacement response of the 3-DOF system Fig.6  Roof displacement response
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BEFHRG] 1A RSO I e A B R B, AR (RIS O (S) B 0 = 15 s, LT A3
BCRANPE 6 J7” i T0UZ (A% S L A AT e 55 B 45 R A2 2 s,
T2 TURRS YT S B LA m)

Table 2 Analytical solution and numerical solution of the roof displacement response ( unit; m)

t=1s t=12s t=35s t=10s t=12s
analytic solution -0.001 29 0.002 651 -0.002 13 0.005 917 -0.006 020 0
At = 0.02s -0.002 140 6  0.002 1222 -0.002 068 6  0.005 910 8 —0.006 047 4
central difference method
At = 0.01s -0.001 6882 0.0024191 -0.0020724 0.0059506 -0.006 191 9
At = 0.02s -0.000 381 38 0.0033902 -0.002 1921 0.005998 0 -0.005974 8
Newmark method
At = 0.01s -0.000 892 73  0.002 9403 -0.002 101 1  0.005991 8 -0.005973 8
At = 0.02s -0.000 052 55 0.004 063 6 —-0.002 2479 0.006 007 7 -0.005 973 5
Wilson-6 method
At = 0.01s -0.000 554 08 0.003 2156 -0.002 1496 0.005994 6 -0.005974 6
At = 0.02s -0.001 3302 0.0026273 -0.002047 1 0.0059899 -0.005972 8
precise integration method
At = 0.01s -0.001 3302 0.002 6273 -0.0020472 0.0059900 -0.0059729
At = 0.05s -0.001 274 1 0.002 6544 -0.002 0517 0.0059901 -0.005973 1
the present method
At = 0.02s -0.001 3281 0.0026285 -0.0020473 0.0059902 -0.005972 8

MFE 2 AT (VE . 7E Newmark 325, By = 0.5,8 = 0.25 ;7 Wilson-0 3 L 0 = 1.4; {EXKG 411
I3 N = 20) , ARG I [R] 20 A 8 NI | HESEL it B 3 i BT 5 e TR TR 22 TE DR
5N B PN LU RS B g B B K — S 32 R A A% G BSU(E Ty 1 A R SR SRR AR L 2
OB E R AR R TR R 1) 5L R B S T R AT LA, Ac = 0.05 s,
17=2.94 x 107" ;At =0.02 s, = 0.010 7, & FTHERBCR SR AR A0 Y. 75 2248 1 2 . AR
MERIS FUF, BeASE H B2 A% ) 5 pR A I SR B B S PR R R 32 B ) RRIE A M A
SRR FE R BR ] 5 2 SR A B B A K TSR oA B2 ) S R, i 2 S Bl & 1 T ARG
JEE R T B, R B i — 2P 4 R T RS B e 00K 1158 D B 43 B A 3 I8 I g I B i o
A2 LRI B 2 R R 1 SR T00RG B T R T R B A T A
Bl R TR B SR 300RS B2 T 5 () 255 52, A BE U B I TSR,

4 4k w

i L SR W AR SO kAR L AR SR BB T 57k

1) SRR MIE S 2707 18 A AR 2 B gl 0 SO 5 i, g B oe s, BA WA
P, HATH RS B S5 A AR A A A A BT

2) MFZ A IR, B BB AR A S ] RO S, RE T 2 Ak
T3 327 R A

3) A KBRS, A SORE R A LS.

£ LT AR SO7 AT AR 1) 5 pR BGR R A G 3 BE AT, 45 B AR Bk, A 7 R A S
NEERE Bl S R E 7 i
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A Calculation Method for Structural Dynamic Responses
Based on the Approximation Theory of
Radial Basis Function

XU Ji-qing'*, LI Zheng-liang’, WU Lin-jian'"

(1. National Engineering Technology Research Center for Inland Waterway Regulation
Key Laboratory of Hydraulic & Waterway Engineering of the Ministry of Education,
Chongqing Jiaotong University, Chongqing 400074, P.R.China;
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Chongqing 400074, P.R.China;
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(Recommended by CHEN Biao-song, M. AMM Editorial Board )

Abstract: A new numerical calculation method for structural dynamic responses was proposed
based on the approximation theory of radial basis function (RBF) and weighted residual collo-
cation point method, with the time interval to replace the space distance as the independent
variable of RBF for the first time. Aimed at the numerical characteristics of structural dynamics,
a new RBF expression of joint interpolation combining displacement, velocity and acceleration
was developed, and the concept and standard for precise calculation put forward. According to
the numerical examples, the new method has significant advantages in solving strong stiff dy-
namic equations and structural transient-phase dynamic responses, compared with the New-
mark method, Wilson-6 method and Runge-Kutta method. Its calculation accuracy is equivalent
to that of the precise time-integration method. This new calculation method is independent of
the computation efficiency-related dynamic eigen-matrix and the degrees of freedom of a prob-
lem. It has good applicability to some large-scale problems, and makes a promising way to the

calculation of structural dynamic responses.

Key words: radial basis function; weighted residual collocation point method; structural dy-

namics; precise time-integration method



