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Abstract

The effects of two important numerical procedures on the high precision structural analysis are

investigated in this study. The two numerical procedures include continuous variable approximation and time
integration. For the continuous variable approximation, polynomial mode functions generated by the Gram-
Schmidt process are introduced and the numerical results obtained by employing the polynomial mode
functions are compared to those obtained by classical beam mode functions. The effect of the time integration
procedure on the analysis precision is also investigated. It is found that the two procedures affect the precision

of structural analysis significantly.
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Fig. 2 Configuration of a cantilever beam with time-
varying distributed force
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4., TX| siA Table 2 Variation of maximum static deflection obtained
by employing beam mode functions

B Aol 24 frd $EPYAS olgdhd  —

BY 35S 9= o) Hol A Wy o v mo'des Response(# ) Relative error
A SEel dig F=A sl s Tt X 1 4,49711045519913E-03 | 9.48984E-01
she 9 wiet sy WS ol&sted ekl 2| 4.50244076623188E-03 | 4.89234E-01
B sMell AHER st )M A sin2e=1= 3 | 8.57944979360123E-03 | 2.67301E-02
o A9oln ALEE ZAXSL Table 1 7 2rh 4 9.11726316717527E-03 | 3.42806E-02
5 8.96763398639387E-03 1.73063E-02
Table 1 Numerical data used for the simulation 6 8.83002353018874E-03 1.69553E-03
7 8.78691849790576E-03 3.19439E-03
Notation Description Material property 8 8.79456626739725E-03 2.32681E-03
1 n 12 ke / 9 8.81143125697719E-03 4.13617E-04
P | Mass per unit lengt <hgrm 10 | 8.82008864377484E-03 | 5.68495E-04
E Young’s modulus 7.0%10'Pa Exact 8.81507732023867E-03
C ti ) “m?
4 1oss section area 4.0x107" m Table 3 Variation of maximum static deflection obtained
J Second a.rea I.noment 2.0x10~7 m* by employing polynomial mode functions
of inertia
L Length 1.0m Ez'd;): Response( ) Relative error
1 1.48682156308192E-17 1.00000E+00
Exact 2 3.00593268536209E-17 1.00000E+00
fffff No.of mode 3
0-010 1= o T No.ofmode 4 3 5.08369000000003E-03 4.23296E-01
0.008 Y 4 8.94729440000002E-03 1.49990E-02
0.006 5 8.95852473336367E-03 1.62730E-02
= voos 6 8.82165654749366E-03 7.46361E-04
> 0002 7 8.81507732023870E-03 2.75507E-15
8 8.81507732023871E-03 4.32939E-15
- 9 8.81507732023872E-03 5.11655E-15
E X o s o2 o 10 8.81507732023870E-03 | 3.34544E-15
Exact 8.81507732023867E-03
Fig. 3 Static response variation versus mode number
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Table 6 Maximum values of the moment and the shear

Exact

No. of mode2

rrrrrr No. of mode3
--No. of mode4

force obtained by employing beam mode functions

voos No. of | M Relative |V Relative

0004 [f /1N modes max error max error
= oo S 1 |1.520E+02 |9.9E-01 | 2.092E+02 |1.0E+00
> 000z 2 2.440E+03 |8.3E-01 | 1.115E+04 |9.4E-01
s [ 3 |7.129E+03 |4.9E-01 | 4.795E+04 |7.6E-01
o3 4 [9.611E+03 |3.1E-01 |7.525E+04 |6.2E-01
° 2 “ : s 10 5 1.098E+04 |2.2E-01 | 9.466E+04 |5.2E-01
e 6 | L.ISIE+04 |1.6E-01 | 1.089E+05 |4.4E-01
7 1.234E+04 |1.2E-01 | 1.197E+05 |3.9E-01
Fig. 4 Dynamic response variation versus number of 8 1270E+04 |93E-02 | 1.282E+05 |3.5E-01
modes 9 | 1.295E+04 |7.5B-02 | 1.350E+05 |3.1E-0l
10 | 1.314E+04 |6.1E-02 | 1.405E+05 |2.8E-01

Table 4 Variation qf the dynamic response obtained by Exact | 1.400E+04 1.959E405
employing beam mode functions

No. of Response( 1 ) Absolute error Table 7 Maximum Value§ of the moment and the shgar
modes force obtained by employing polynomial mode functions
1 3.08793644813063E-03 | 3.08794E-03
2 -4.32863224085858E-03 | 4.32863E-03 No. of M Relative v Relative
3 1.10024216126503E-03 | 1.10024E-03 modes mx | Brror T | emor
4 3.66042632255563E-04 | 3.66043E-04 1 7.869E+01 | 9.9E-01 |0.000E+00 |1.0E+00
5 1 24466966578890E-04 | 1.24467E-04 2 1.239E+03 |9.1E-01 |4.175E+03 |9.8E-01
6 726900171192522E-05 | 7.26900E-05 3 5.221E+03 | 6.3E-01 |3.763E+04 |8.1E-01
7 1.80215209603000E-05 1.80215E-05 4 1.044E+04 |2.5E-01 |1.127E+05 |4.3E-01
] 2 81954848057046E-05 | 2.81955E-05 5 1.331E+04 |4.9E-02 |1.748E+05 |1.1E-01
9 2 71470589146904E-06 | 2.71471E-06 6 1.393E+04 |4.4E-03 [1.935E+05 |1.2E-02
10 -1.75446851526001E-05 1.75447E-05 7 1.399E+04 | 5.7E-05 |1.959E+05 |3.0E-05
Exact 0.00000000000000E-00 8 1.399E+04 | 5.3E-05 |1.959E+05 |1.6E-05
9 1.399E+04 | 4.6E-05 |1.959E+05 |1.8E-05
10 | 1.399E+04 |4.7E-05 |1.959E+05 |9.2E-06
Exact | 1.400E+04 1.959E+05

Table 5 Variation of the dynamic response obtained by
employing polynomial mode functions

Table 6 7+ 72 &4 a4 A &3x3tso] o7t

Eg;ii Response( ) Absolute error & 08sec Ao HU w3 mWESL dukE o]

WAt A oAl A ghEoIth ol A

1 2.81035861725862E-03 | 2.81036E-03 Seh el Adel wama w o Adse o we

2 -5.47432808026496E-03 | 5.47433E-03 e o dai Ao o - oldh wa ol

3 4.00727595382720E-03 | 4.00728E-03 Hor sze W me %]-z':,e_ ,\}%@ Ao A

4 -1.31223915768850E-03 | 1.31224E-03 3 2 ox= wolg el A su e

5 1.54445550374011E-04 | 1.54446E-04 2 Algd Agede Aodos wS Hg

6 -2.23583404096372E-05 | 2.23583E-05 s A S dS T UeS #EE U Ak

7 -1.20147563243420E-05 | 1.20148E-05 ol Aol thgA Znk BE gE ARSehs

2 =] -
8 | -1.20208720152494E-05 | 1.20209E-05 O eI A S A
8] A a S l_l__.‘_ % = R4

9 -1.20132659931843E-05 | 1.20133E-05 &4 B8 A o feetts AS feld 5

ATk 2HY A A Aldle AIZE AR dAaEs

10 | -1.20121151479079E-05 | 1.20121E-05 olgsiomn o aHe ATl A4 H4 A
Exact 0.00000000000000E+00 HE|A] Wolx= AL oF 4 9t}
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