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Substructuring-based Structural Reanalysis by Multilevel
Hybrid Approximation
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Abstract

A new solution procedure for approximate reanalysis, using the staged hyvbrid methods with
substructuring, is proposed in this study. Displacements are calculated with two step mixed procedures.
First step is to introduce the conservative approximation, which is a hybrid form of the linear and
reciprocal approximation, as local approximation. In the next step, it is combined with the global
approximation by reduced basis approach. Stresses are evaluated from the displacements by matrix
transformation. The quality of reanalyzed quantities can be greatly improved through these staged
hybrid approximations, specially for large changes in the design. Overall procedures are based on
substructuring scheme. Several numerical examples illustrate the validity and effectiveness of the
proposed methods.
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a2 2 Error of maximum displacement for
200-bar plane truss

E 1 Comparisons of maximum behaviors for 200-bar plane truss

Maximum displacement : vertical displacement at node point 5 (Unit : in)
Maximum stress : axial stress at member number 199 (Unit : psi)
Design Local Multilevel hybrid
Behavior variable Exact
change(%) Error (%) Value Error (%)
*10 -3.924E +00 -3.916E+00 0.203 -3.923E+00 0.010
+20 -3.910E+00 -3.888E+00 0.566 -3.906E +00 0.106
+30 -3.833E+00 -3.778E+00 1.429 -3.831E+00 0.052
*40 -4.349E +00 ~4.138E+00 4.871 ~4.338E+00 0.256
s +50 -3.522E+00 -3.279E+00 6.914 -3.519E+00 0.109
160 -4 615E+00 -4.143E+00 10.230 -4.586E+00 0.635
+70 -4 .694E + 00 -4.151E+00 11.563 -4.632E+00 1.324
*80 -4.670E+00 -3.947E+00 15.473 -4.470E+00 4.267
+90 -4.811E+00 -3.932E+00 18.267 -4.500E+00 6.463
+100 ~6.863E +00 -4.731E+00 31.068 -6.528E+00 4.879
+10 ~1.506E +05 ~-1.504E+05 0.158 -1.507E+05 0.023
+20 ~1.480E+05 -1.478E+05 0.118 ~-1.482E+05 0.157
+30 -1.399E+05 -1.387E+05 0.851 -1.401E+05 0.105
+40 ~1.721E+05 -1.668E+05 3.059 -1.751E+05 1.781
- +50 ~1.093E+05 -9.752E +04 10.797 -1.079E+05 1.327
£60 ~2.105E+05 -1.863E+05 11.510 -2.098E +05 0.325
*70 ~2.172E+05 -1.907E+05 12.205 -2.125E+05 2.174
+80 ~1.517E+05 -1.421E+05 6.284 -1.555E+05 2.538
+90 ~1.457E+05 -1.437E+05 1.387 -1.553E+05 6.580
+100 ~3.260E+05 -2.225E+05 31.756 -3.149E+05 3.407

6 : Displacement, o : Stress

402 #RMMTRDEts =2 M12Y HM35(1999.9)
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H 2 Analysis data for 25-bar space truss
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Substructure Design Member N Initial
(s) variable No. m °{value (ind)
1 1 1.0
1 2 2,3.4. 5 1.0
3 6.7.8 9 1.0
4 10.11.12,13 1.0
5 14,15,16,17 1.0
2 6 18.19.20.21 1.0
7 22,23.24.25 1.0

a3 3 25-bar space truss with 2 substructures

¥ 3 Comparisons of maximum behaviors for 256-bar space truss

Maximum displacement @ y-direction displacement at node point 1 (Unit : in)
Maximum stress : axial stress at member number 24 (Unit : psi)
Design . .
behavior variable Exact Local Multilevel hybrid
change (%) Value Error(%) Value Error(%)
+10 7.627E-01 7.770E-01 1.87 7.608E-01 0.25
+20 8.241E-01 7.7174E-01 5.66 8.215E-01 0.31
+30 7.281E-01 7.738E-01 6.28 7.256E-01 0.34
+40 8.151E-01 7.695E-01 5.59 8.138E-01 0.39
s +50 8.283E-01 7.822E-01 5.56 8.092E-01 2.30
+60 5.971E-01 7.957E-01 33.26 5.888E-01 1.39
+70 1.730E+00 7.618E-01 55.96 1.703E+00 1.56
+80 6.336E-01 7.645E-01 20.66 6.203E-01 2.10
+90 1.495E+00 8.061E-01 46.08 1.421E+00 4.95
+100 1.037E+00 7.798E-01 24 .80 9.045E-01 12.77
*10 -1.308E+04 -1.389E+04 6.19 -1.360E+04 3.97
+20 ~-1.532E+04 -1.389E+04 9.33 -1.468E+04 4.17
+30 ~1.359E+04 -1.384E+04 1.84 -1.297E+04 4.56
+40 -1.418E+04 -1.377E+04 2.89 -1.457E+04 2.75
5 +50 -1.403E+04 -1.396E+04 0.49 ~-1.444E+04 2.92
+60 -9.384E+03 -1.416E+04 50.89 -1.037E+04 10.50
+70 -2.798E +04 -1.367E+04 51.14 -3.061E+04 9.39
+80 -1.023E+04 -1.371E+04 33.92 -1.109E+04 8.40
+90 -2.473E+04 -1.431E+04 42.13 -2.480E+04 0.28
+100 -2.185E+04 -1.393E+04 36.24 -1.616E+04 26.04
4 : Displacement, ¢ : Stress
SRMUTTIEE =28 M12H M35(1999.9 403
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3% 4 Error of maximum displacement for 25-
bar space truss
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a3 5 30-member plane frame
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¥ 4 Comparisons of maximum behaviors for 30-member frame.

Maximum rotation : rotation at node point 1 (Unit : in)
Maximum displacement : vertical displacement at node point 2 (Unit : in)
Maximum axial stress :@ axial stress at member number 29 (Unit : 1b)
Maximum normal stress ' maximum normal stress at member number 27 (Unit : lb-in)
Design Local Multilevel hybrid
behavior variable Exact
change (%) Value Error (%) Value Error (%)
+10 -2.885E+00 -2.881E+00 0.138 -2.884E +00 0.034
+20 -2.799E+00 -2.792E+00 0.250 -2.795E+00 0.143
+30 -3.022E+00 -2.951E+00 2.349 -2.991E+00 1.025
+40 -2.884E+00 -2.823E+00 2.115 -2.854E+00 1.040
s +50 ~3.007E+00 ~-2.958E +00 1.630 -3.026E+00 0.631
+60 -3.110E+00 -3.034E+00 2.444 -3.098E +00 0.385
+70 -3.197E+00 ~-2.900E +00 9.290 -3.041E+00 4.879
+80 -2.498E+00 -2.342E+00 6.245 -2.436E +00 2.481
+90 -2.901E+00 -2.234E+00 22.992 -2.812E+00 3.068
+100 -2.543E+00 -2.415E+00 5.033 -2.456E +00 3.421
+10 1.595E-01 1.594E-01 0.070 1.595E-01 0.008
+20 1.554E-01 1.553E-01 0.026 1.552E-01 0.099
+30 1.435E-01 1.404E-01 2.173 1.413E-01 1.569
+40 1.478E-01 1.448E-01 2.086 1.468E-01 0.715
0 £50 2.590E-01 2.176E-01 15.987 2.400E-01 7.343
Z +60 2.310E-01 2.056E-01 10.999 2.218E-01 3.980
+70 1.990E-01 1.902E-01 4.412 2.014E-01 1.198
+80 1.087E-01 7.667E-02 29.499 1.062E-01 2.335
+90 1.377E-01 1.270E-01 7.712 1.343E-01 2.415
+100 2.958E-01 2.233E-01 24.496 3.150E-01 6.500
*10 -1.746E +05 -1.744E+05 0.114 ~1.746E +05 0.000
+20 -1.604E+05 -1.595E+05 0.561 ~1.600E+05 0.249
+30 ~1.584E +05 -1.570E+05 0.884 -1.572E+05 0.757
+40 -1.553E+05 -1.530E+05 1.481 -1.538E+05 0.965
oA £50 -1.632E+05 -1.622E+05 0.613 -1.621E+05 0.674
+60 -1.776E+05 -1.767TE+05 0.507 -1.791E+05 0.844
*70 ~-2.025E+05 -1.954E+05 3.506 -2.022E+05 0.148
+80 -1.371E+05 -1.322E+05 3.574 -1.333E+05 2.771
+90 -1.258E+05 -0.993E+05 21.065 ~-1.224E +05 2.702
+100 ~1.428E+05 -1.298E +05 9.104 -1.300E +05 8.963
*10 -2.698E+06 -2.698E +06 0.003 -2.699E +06 0.007
+20 -2.407E+06 -2.408E+06 0.056 -2.407E +06 0.155
+30 -2.355E+06 -2.331E+06 1.019 -2.350E +06 0.196
+40 -2.922E+06 -2.832E+06 3.080 -2.921E+06 0.038
. *50 -2.894E +06 -2.884E+06 0.346 -2.898E +06 0.127
+60 -3.021E+06 -3.032E+06 0.364 -3.029E +06 0.265
£70 -2.208E+06 -2.015E+06 8.740 -2.201E+06 0.317
+80 -2.899E +06 -2.528E+06 12.798 -2.907E+06 0.294
+90 -2.388E+06 -2.521E+06 5.569 -2.425E+06 1.549
+100 ~-3.642E+06 -3.304E+06 9.280 -3.617TE+06 0.686

é : Displacement. 6z : Rotation. oa : Axial stress. on : Normal stress
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