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Static Analysis of Frame Structures Using Transfer of Stiffness Coefficient
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Abstract

In static analysis of a variety of structures, the matrix method of structural analysis is the most widely used and
powerful analysis method. However, this method has drawback requiring high-performance computers with many memory
units and fast processing units in the case of analyzing accurately structures with a large number of degrees-of-freedom.
Therefore, it's very difficult to analyze these structures accurately in personal computers. For overcoming the drawback of
the matrix method of structural analysis, authors suggest the transfer stiffness coefficient method(TSCM). The TSCM is
very suitable to a personal computer because the concept of the TSCM is based on the transfer of the stiffness coefficient
for an analytical structure. In this paper, the static analysis algorithm for frame structures is formulated by the TSCM. We
confirm the validity of the TSCM through the comparison of computation results by the TSCM, the NASTRAN, the matrix
method of structural analysis and the analytical solution.
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Table 1 Computation results of model |
Method TSCM Analytical solution
Node | Deflection{m) | Rotation{rad] | Deflection(m] | Rotation{rad]
0 0 0 0 0
1 -1.1447E-03 | -4.4999E-03 | -1.1447E-03 | -4.4999E-03
2 -4.4210E-03 | -8.5261E-03 | -4.4210E-03 | -8.5261E-03
3 -9.5919E-03 | -1.2079E-02 | -9.5919E-03 | -1.2079E-02
4 -1.6421E-02 | -1.5158E-02 | -1.6421E-02 | -1.5158E-02
5 -2.4671E-02 | -1.7763E-02 | -2.4671E-02 | -1.7763E-02
6 -3.4105E-02 | -1.9894E-02 | -3.4105E-02 | -1.9894E-02
7 -4.4486E-02 | -2.1552E-02 | -4.4486E-02 | -2.1552E-02
8 -5.5578E-02 | -2.2736E-02 | -5.5578E-02 | -2.2736E-02
9 -6.7143E-02 | -2.3447E-02 | -6.7143E-02 | -2.3447E-02
10 | -7.8946E-02 | -2.3684E-02 | -7.8946E-02 | -2.3684E-02
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Table 2 Computation results of model Il

Method TSCM NASTRAN
Node Displacement Displacement Rotation Displacement Displacement Rotation
X(m] Y(m] 6 (rad) X(m] Y(m] 9 (rad)

0 0 0 0 0 0 0

1 0 3.5368E-05 3.4105E-04 0 3.5369E-05 3.4106E-04
2 0 1.3137E-04 6.0630E-04 0 1.3137E-04 6.0632E-04
3 0 2.7284E-04 7.9577E-04 0 2.7285E-04 7.9580E-04
4 0 4.4462E-04 9.0946E-04 0 4.4464E-04 9.0948E-04
5 0 6.3157E-04 9.4735E-04 0 6.3159E-04 9.4738E-04
6 0 8.1851E-04 9.0946E-04 0 8.1854E-04 9.0948E-04
7 0 9.9030E-04 7.9577E-04 0 9.9033E-04 7.9580E-04
8 0 1.1318E-03 6.0630E-04 0 1.1318E-03 6.0632E-04
9 0 1.2278E-03 3.4105E-04 0 1.2278E-03 3.4106E-04
10 0 1.2631E-03 0 0 1.2632E-03 0

11 -3.7894E-05 1.2638E-03 -3.7894E-04 -3.7895E-05 1.2638E-03 -3.7895E-04
12 -1.5158E-04 1.2645E-03 -7.5788E-04 -1.5158E-04 1.2645E-03 -7.5790E-04
13 -3.4105E-04 1.2651E-03 -1.1368E-03 -3.4106E-04 1.2652E-03 -1.1369E-03
14 -6.0630E-04 1.2658E-03 -1.5158E-03 -6.0632E-04 1.2659E-03 -1.5158E-03
15 9.4735E-04 1.2665E-03 -1.8947E-03 -9.4738E-04 1.2665E-03 -1.8948E-03
16 -9.4735E-04 1.6808E-03 -2.2357E-03 -9.4738E-04 1.6808E-03 -2.2358E-03
17 -9.4735E-04 2.1557E-03 -2.5010E-03 -9.4738E-04 2.1558E-03 -2.5011E-03
18 -9.4735E-04 2.6761E-03 -2.6905E-03 -9.4738E-04 2.6762E-03 -2.6906E-03
19 -9.4735E-04 3.2269E-03 -2.8042E-03 -9.4738E-04 3.2270E-03 -2.8042E-03
20 -9.4735E-04 3.7927E-03 -2.8420E-03 -9.4738E-04 3.7929E-03 -2.8421E-03
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Table 3 Computation results of model Il
| Method TSCM j 1 NASTRAN
Node Displacement Displacement Rotation i Displacement Displacement Rotation
X[m) Y(m) 0 [rad) X(m] X(mj 6 [rad)
0 0 0 7. 89‘?(7 -03 0 0 7.8928E-03
1 ~-3.9068E-03 -1.2554E-05 7.6557E-03 -3.9069E-03 -1.2554E-05 7.6560E-03
2 -7.5768E-03 -2.5109E-05 6.9453K-03 7.5770E-03 -2.5109E-05 6.9455E-03
3 -1.0773E-02 -3.7663K-05 5.7611K 03 1.0773E 02 -3.7663E-05 5.7613K 03
4 -1.3259E-02 -5.0218E-05 4.1033£-03 -1.3259E-02 -5.0218E-05 4.1035E-03
5 -1.4798E-02 -6.2772E-05 1.9719K-03 1.4798K-02 6.2772E-05 1.9719E-03
6 -1.5152E-02 -7.5326E-05 -6.3321E-04 -1.51562E-02 -7.5326E-05 -6.3323E-04
7 -1.4085E-02 -8.78811-05 3.7120K 03 1.4086E-02 -8.7881E-05 -3.7121E-03
8 -1.1361E-02 -1.0044E 04 7.26441K-03 -1.1361E-02 -1.0044E-04 -7.2646E -03
9 -6.7420E-03 -1.1299E-04 -1.1290E-02 -6.7423E-03 -1.1299E-04 -1.1291E-02
10 8.3692E-06 -1.2554E-04 *1.579(3%] 02 8.3693K- 06 -1.2554E-04 -1.5791E-02
11 6.6954E-06 ~-8.9136E 03 -1.8790E-02 6.6954E-06 -8.9139E-03 -1.8790E-02
12 5.0215E-06 -1.8363E-02 -1.8474K-02 5.0216E-06 -1.8363E-02 -1.8474E-02
13 3.3477E-06 -2.6874EK-02 1.5079E-02 3.3477E-06 -2.6875E-02 -1.5080E 02
14 1.6738E-06 -3.2968E-02 -8.84211-03 1.6739E-06 -3.2969E-02 -8.8424E-03
15 0 -3.5282E-02 0 0 -3.5283E-02 0
16 -1.6738E-06 -3.2968E-02 8. 84‘)1I< -03 -1.6738E-06 -3.2969E-02 8.8424E-03
17 -3.3477TE-06 -2.6874E-02 1.5079K 02 -— 3.34771K-06 -2.6875E-02 1.5080E-02
18 -5.0215E-06 -1.8363E-02 1.84741-02 -5.0215K-06 -1.8363E-02 1.8474E-02
19 -6.6954E-06 -8.9136E-03 ].879()E 02 6.6954E-06 -8.9139E-03 1.8790E-02
20 -8.3692E-06 ~1.2554E-04 1.5790E-02 -8.3692E-06 -1.2554K-04 1.5791E-02
21 6.7420E-03 -1.1299E-04 1.1290K-02 6.7423K-03 -1.1299E-04 1.1291E-02
22 1.1361E-02 -1.0044E-04 7.2644K 03 1.1361E- (_)2 -1.0044E 04 7.2646K 03
23 1.4085E-02 -8.7881E-05 3.71201-03 1.4086E-02 -8.7881E-05 3.7121E-03
24 1.5152E-02 -7.5326E-05 6.33211-04 1.5152E-02 -7.5326E-05 6.3323E-04
25 1.4798E-02 -6.2772E-05 -1.9719K-03 1.4798E-02 -6.2772E-05 -1.9719E-03
26 1.3259E-02 -5.0218E-05 -4.1033E-03 1.3259E-02 -5.0218E-05 -4, 1035E-03
277 1.0773E-02 -3.7663E-05 -5.7611E-03 1.0773E-02 -3.7663E-05 -5.7613K-03
I 28 7.5768E-03 -2.5109E-05 -6.94531K-03 7.5770E-03 -2.5109E-05 -6.9455E-03
29 3.9068E-03 -1.2554E-05 -7.6557K-03 3.9069E-03 -1.2554E-05 -7.6560E-03
30 0 0 -7.8926K-03 0 0 -7.8928E-03
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Table 4 Comparing of computation times (unit: s)

Partition number MMSA TSCM
30 0.66 0.22
60 1.92 0.44
90 4.39 0.60
120 8.46 0.77
150 14.94 0.99
300 102.6 1.92
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Table 5 Computation results of model IV
Method TSCM NASTRAN
Node Displacement Displacement Rotation Displacement Displacement Rotation
X[(m]) X{m] 6 (rad) X(m) Y(m) 6 (rad)
0 0 0 5.9209E-02 0 0 5.9211E-02
1 -2.9605E-02 ~1.2554E-05 5.9209E-02 -2.9606E-02 -1.2554E-05 5.9211E-02
2 -5.9209E-02 -2.5109E-05 5.9209E-02 -5.9211E-02 -2.5109E-05 5.9211E-02
3 -8.8814E-02 ~-3.7663E-05 5.9209E-02 -8.8817E-02 -3.7663E-05 5.9211E-02
4 -1.1842E-01 -5.0218E-05 5.9209E-02 -1.1842E-01 -5.0218E-05 5.9211E-02
5 -1.4802E-01 ~6.2772E-05 5.9209E-02 -1.4803E-01 -6.2772E-05 5.9211E-02
6 -1.7763E-01 ~7.5326E-05 5.9209E-02 -1.7763E-01 -7.5326E-05 5.9211E-02
7 -2.0723E-01 -8.7881E-05 5.9209E-02 -2.0724E-01 -8.7881E-05 5.9211E-02
8L 5.9209K 02 5.9211E-02
-2.3684E-01 ~1.0044E-04 -2.3684E-01 -1.0044E-04
8R -3.9473E-02 -3.9474E-02
9 -2.1710E-01 ~1.1299E-04 -3.9473E-02 -2.1711E-01 -1.1299E-04 -3.9474E-02
10 -1.9736E-01 ~1.2554E-04 -3.9473E 02 -1.9737E-01 -1.2554E-04 -3.9474E-02
11 -1.9736E-01 ~1.9571E-02 -3.7736E-02 -1.9737E-01 -1.9571E-02 -3.7737E-02
12 -1.9736E-01 -3.7309E-02 -3.2684E-02 -1.9737E-01 -3.7310E-02 -3.2685E-02
13 -1.9736E-01 -5.1741E-02 -2.4552E-02 -1.9737E-01 -5.1743E-02 -2.4553E-02
14 -1.9736E-01 -6.1387E-02 -1.3579K 02 -1.9737E-01 -6.1389E-02 -1.3579E-02
15 -1.9736E-01 ~6.4886E-02 0 ~1.9737E-01 -6.4888E-02 0
16 -1.9736E-01 ~6.1387E-02 1.3579E-02 -1.9737E-01 -6.1389E-02 1.3579E-02
17 -1.9736E-01 -5.1741E-02 2.4552E-02 -1.9737E-01 -5.1743E-02 2.4553E-02
18 -1.9736E-01 ~-3.7309E-02 3.2684E-02 -1.9737E-01 -3.7310E-02 3.2685E-02
19 -1.9736E-01 ~1.9571E-02 3.7736E-02 -1.9737E-01 -1.9571E-02 3.7737E-02
20 -1.9736E-01 -1.2554E-04 3.9473E 02 -1.9737E-01 -1.2554E-04 3.94T4E-02
21 -1.7763E-01 -1.1299E-04 3.9473E-02 -1.7763E-01 -1.1299E-04 3.9474E-02
22 -1.5789E-01 -1.0044E-04 3.9473E-02 -1.5790E-01 -1.0044E-04 3.9474E-02
23 -1.3816E-01 -8.7881E-05 3.9473K-02 -1.3816E-01 -8.7881E-05 3.9474E-02
24 -1.1842E-01 ~7.5326E-05 3.9473E-02 -1.1842E-01 -7.5326E-05 3.9474E-02
25 -9.8682E-02 ~6.2772E-05 3.9473E-02 -9.8685E-02 -6.2772E-05 3.9474E-02
26 -7.8946E-02 -5.0218E-05 3.9473E-02 -7.8948E-02 -5.0218E-05 3.9474E-02
27 -5.9209E-02 ~3.7663E-05 3.9473E-02 -5.9211E-02 -3.7663E-05 3.94T4E-02
28 -3.9473E-02 -2.5109E-05 3.9473E-02 -3.9474E-02 -2.5109E-05 3.9474E-02
29 -1.9736E-02 -1.2554E-05 3.9473E-02 -1.9737E-02 -1.2554E-05 3.9474E-02
30 0 0 3.9473E-02 0 0 3.947T4E-02
a8 8 2aaEdl WY ¥4 BRt 34 A, A
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