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A Study on the Three Dimensional Structural Analysis of Truss
Structures by Beam-Permutation Method

Chun-Jun Piao, Han-il Park

ABSTRACT

In this study, threc dimensional dynamic analysis of truss structures is
carried out and applied to offshore and arctic truss structures. For those
structures, dynamic analysis becomes more important, because they arc
exposed to dynamic loads of wave and ice and tend to be installed in deeper
water  where dynamic behaviour becomes more dominant due to  their
slenderness. In the case of truss structures, dynamic analysis is very
expensive and cumbersome, because they have quite many degrees of freedom.
A new method of Beam Permutation is developed in this study where a
segment of truss structure is transformed to a beam by finding an equivalent
stiffness between two structures. In the method, it is assumed that relative
positions of nodes in the same ends of the segment arc not variable. Based on
the method, a computer program is developed. With other reduction method,
the method can reduce the degrees of freedom of object structures and the

computation time for dynamic analysis significantly. In this study, the finite
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element method  is used on the three dimensional dynamic analysis of truss
structures. The support of arctic pipeline installation is been used for example
of the analysis. When the results of the analysis are compared with those of
ANSYS, these results are satisfied.
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Fig. 2 Structure of a segment
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Table 1 Natural frequencies of the structure for six segments ((a) for 0.2m

out-diameter lateral member(b) for 0.2m out-diameter lateral member

72 & 4] [ ANSYS . FA A | ANSYS
15| Ax Az | e ;;Sok As| Az s ex | A%
42 | (CYC/SE| (CYe/s| o) | ° 2% | (CYC/SE{(CYC/SE| (%) | %3
C) EC) &) )
| | 14456 | 14077 [ 262 | X, Y 1 | 15979 14545 | 879 | X, Y _
2 | 1.44% ‘14077 ‘zsg X, Y| 2 | 15979 | 14545 | 879 | X, Y
3 | 27921 | 27204 _T’z 50 f_x Y | 3 130870 | 28562 | 751 | X, Y
4 | 27927 [ 27204 | 259 | X, Y | 4 | 30870 | 28352 1751 | X, Y
5 | 394% 39001 | 125 | X. Y 5 | 43656 | 41629 | 464 | X, Y
6 | 394% ‘39001 125 XY 6 | 43656 |41629 | 464 | X, Y |
7 | 48372 | 48072 | 0620 X. Y 7 153468 52220 233 | X. Y
8 | 48372 | 48072 T(),6,29 X, Y| 8 53468 | 52220 1233 | XY |
9 | 53951 | 5.3818 L0'>47 X Y 9 |593% 59212 [0711 | X, Y
10 | 53951 | 53818 | 0247 | X, Y 10 | 59536 | 59212 | 071 | X, Y
11} 65174 | 65060 g@g 7 | 11| 72073 [ 71704 | 0462 | Z
12 | 12591 | 12500 | 0723 | 7 | 12 ] 13917 | 13497 #ng_,zi Z
13 | 17806 | 17507 | 168 | Z 13 | 19681 19072 10309 | 7
14 ] 21808 | 21660 29474; 14 | 241.04 | 21621 Jylos Lz
15 | 24323 123301 | 420 | Z 15 | 26885 | 25434 | 540 Z

(a) (b)
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Table 2 Dynamic loads

xR
$zEE I II I
") JAEF71E) | 015 | 050 1.0
3 Hd A (kN) 170 200 220
= A (Z) 1.0 100 | 300
+ENY Y Y Y
o} %3 (m) 20 20 20
3 3 F71 (&) 3.0 5.0 8.0
3 Z 3 gk Y Y Y
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(a) (b)

Fig. 3 Time histories of node 2 displacement for maximum ice load of 170kN
(a)result of numerical method: (b):result of ANSYS
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Fig. 4 Time histories of node 2 displacement under wave load
( Wave height = 20 m )
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