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Study on ill-conditioned problems of Biot’s consolidation finite element equations
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Abstract: Aimed at the ill-conditioned problem of Biot’s consolidation finite element method (BCFEM), both orthogonal test and
dimensional analysis method are used to study the ill-conditioning regularity and its influencing factors. The influencing factors such
as the average size of finite element, the length of timestep, the compressibility of soil and the permeability of soil are taken into
account. Two groups of independent similarity criteria are proposed, on the basis of which, two novel dimensionless variables are
obtained to analyze the variation of the condition number of BCFEM coefficient matrix. Through the parametric study of an
illustrative case, the results show that the average size of finite element, the length of timestep, the compressibility of soil and the
permeability of soil are in the order of priority of sensitivity. The smaller the averaged size of finite element, the worse the
ill-conditioning situation of BCFEM. With the increase of the presented dimensionless variables, the ill-conditioning number shows a
tendency to increasing, etc. The conclusions are helpful to study the ill-conditioned problem of BCFEM.
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Table 1 Factors and the levels
K

A/m B/MPa  C/10*m-d’ D/d
1 0.5 0.6 0.086 4 0.001
2 1 1.2 0.864 0.1
3 2 2.4 8.64 10
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Table 2 Design of orthogonal experiment and results
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Table 3 Range analysis of orthogonal experimental results

A B C D
Ky; 51.921 36 48.082 31 50.024 16 50.468 66
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K, 15.490 47 16.755 03 16.071 77 159824
ez 1.816 651 0.727 589 0.602 95 0.840 484
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Table 4 Parameter list for various cases

271 FEGits i /§1§§é’11 IS &
/ MPa /10"m-d /d
a 0.6 8.64 100
b 2.4 8.64 0.1
c 1.2 0.864 1
d 1.2 0.864 0.001
e 0.6 0.086 4 1
f 0.6 0.086 4 0.001
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Table 5 List of parameter levels for typical cases

K LSS S)NG ) /72‘1?%:#11 ER
/m /107"m - d / MPa
1 0.5 8.64 0.6
2 1 0.864 1.2
3 2 0.086 4 2.4
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