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Fig. 1 Flowchart of iterative updating inversion algorithm
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Fig. 2 Finite element model of a concrete dam
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Fig. 3 Average relative error of the POD-RBF model under
different sample numbers
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Tab.1 Eigenvalues of displacement matrix
1 2 3 4 5
A E 66.03 20.78 5.85 1.69 0.27
Zib /% 69.72 91.65  97.83  99.62 99,91
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vary with the number of truncated singular values
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Tab. 2 Results of iterative updating inversion and non-iterative updating inversion
A TR S v A TE 9 AR TR S v A

n

E,/GPa E,/GPa E;/GPa e/ % E,/GPa E,/GPa E;/GPa e/ %
9 30. 757 27.17 32. 147 9.34 29. 246 32.204 35. 626 10. 11
10 29. 093 27.298 30.591 7.43 29. 486 28.477 35.920 8.96
11 26.087 27.898 31.438 3. 36 29. 342 29.909 33. 256 6.05
12 27.005 27.949 32.088 2.75 29. 620 29.599 31.053 6. 99

®3 #AREFRELS BPHEERES R
Tab. 3 Results of iterative updating inversion and BP direct inversion
AR T 7 52 T A BP H 5 S 3

n

E,/GPa E,/GPa E,/GPa e/ % E,/GPa E,/GPa E,/GPa /%
9 30. 757 27.170 32. 147 9.34 28. 358 27.007 29.697 7.96
10 29.093 27.298 30. 591 7.43 27.031 27.562 33. 246 3.53
11 26.087 27.898 31.438 3.35 26. 057 27.516 30. 400 5. 36
12 27.005 27.949 32.088 2.74 28.412 20.009 32. 300 18. 28
13 26. 881 29. 465 33. 145 1. 56 24. 714 27.757 36. 299 8. 45
14 26. 674 28.416 32.957 1. 65 26. 350 29. 284 32.731 0. 44
15 26.501 29.002 31.700 1.74 24.683 31.948 35.471 8.61
16 26.027 28.974 32.214 1. 10 26. 270 29.584 34.070 3.06
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Iterative updating inversion method based on POD-RBF surrogate model

LU Xiao-long. HUANG Dan” ., JIANG Dong-ju
(College of Mechanics and Materials, Hohai University,Nanjing 211100, China)

Abstract: To address the high computation workload in finite element analysis in the general inverse
analysis of large engineering structures like hydraulic dams, a precise and robust POD-RBF surrogate
model and an iterative updating inversion algorithm were constructed. Based on the data samples
obtained from the finite element method, we can interpolate eigenvectors abstracted by POD method
using RBF to get a surrogate model of the finite element model. Combining the global optimization ability
of particle swarm optimization algorithm and the fast local convergence advantage of Gauss-Newton
method, a new efficient iterative inversion method was established and applied to the zonal elastic
modulus inversion of a concrete dam. The results shown the applicability of this method for mechanical
parameter inversion of large concrete structures such as dams. Meanwhile, compared with traditional
methods, this inverse framework consisting of the POD-RBF surrogate model and the iterative updating

method can get good performance both on the inversion accuracy and the efficiency of computation.

Key words: surrogate model ; POD-RBF; parameter inversion; PSO;Gauss-Newton method
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