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Fig. 2. Soil column subjected to a surface step loading; The
geometry and boundary condition together with FEM mesh

Flas Slasie N Jyder

material

properties Region 1 Region 2
E(MPa) 30 60
9 0.2 0.2
ps(kg/m?) 2000 2000
pe(kg/m?) 1000 1000
K¢(Pa) 2.1e9 2.1e9
Ks(Pa) 1.0e20 1.0e20
n 0.3 0.3

15 (m3s/kg) 1.02e-8 1.02e-9

Table 1. Material properties

Cilisen oS gl SauWl ol 55 .Y s

Poisson's .
ratio 9 E(MPa)  Soil type
0.2-0.35 30-80 loose
80-100 m dedlum gravel
ense
0.3-0.4 100-200 dense
0.2-0.35 10-30 loose
medium coarse
0.3-0.4 30-50 dense sand
50-80 dense
8-12 loose
0.95 12-20 medium fine
dense sand
20-30 dense

Table 2. Elastic constants for different
soils(AASHTO,1995)[19]
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Fig. 3. Membership function of fuzzy parameters for the materials of
the soil column
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Fig. 4. The pressure history of analysis at membership grade
of one and the results of Khoi et al [18] for different nodes
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Fig. 6. Soil column; the pressure history of fuzzy FEM at
different membership grades
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Fig. 7. Soil column; the vertical displacement history of fuzzy FEM at different membership grades
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Abstract:

In the present study, a fuzzy finite element model is developed to apply uncertainty of soil parameters on
dynamic behavior of coupled saturated porous media. The interaction problem in the analysis of elastic soil
matrix with Darcy pore fluid flow which is formulated by Biot is one of the complicated problems, which
can be solved numerically. Finite Element Method is one of the numerical methods to approximate the
dynamic solution of these problems and for convenient approximation to the solution, model parameters
need to be precisely known. On the other hand due to inhomogeneous and anisotropic structure of soil
matrix, it is not possible to define the soil parameters with the crisp numbers. Consequently, results obtained
only by one specific crisp value for an uncertain parameter cannot be representative for the whole spectrum
of the possible results. To solve this limitation, application of fuzzy arithmetic proves to be a practical
approach. For this purpose, uncertainties in the soil parameters are taken in to account by the fuzzy numbers,
and shape function of input fuzzy numbers are derived from experimental data. In this study the coupled
equations governing saturated porous media which are known as u-p equations, are solved by fuzzification of
input parameters. For this purpose input parameters, the Poisson's ratio and modulus of elasticity, are treated
as fuzzy numbers. To fuzzify a parameter, a certain number is considered for degree of membership, and by
using fuzzy rules for each degree of membership a range of parameters are obtained which has lower and
upper bound, and the calculations are carried out for this upper and lower bounds. As a numerical example,
the problem of elastic soil column, consisted of two layers of loose and compacted sand, is analyzed. to solve
this problem, a finite element Fortran code has been developed and verified. For verification of the
developed Fortran code, the support of input fuzzy numbers was adopted in a way that the most likely
amount of input parameters (m) is equal to the crisp input numbers used by previous studies. The results
indicated solution at « = 1(probability of one hundred percent, which is the definite solution) is in good
agreement with the results of previous works. For other degrees of membership, the problem was solved with
two constitutive D matrix for each « level to compute lower and upper bounds of output for that level. In the
end, displacement and excess pore water pressure of sandy soil column which are produced under rapid
loading are reported as fuzzy numbers. It can be seen that if Poisson's ratio and modulus of elasticity increase
or decrease what will happen to displacement and excess pore water pressure. The results showed that
coupling, change of input parameters of soil skeleton influence pore water pressure too. And as time
increases, this effect can be better seen. Also, increase in drainage distance causes a decrease in the
interaction between soil skeleton and pore water and this effect decreases by depth. Obtained results show
that the number of fuzzy parameters (uncertain parameters) in equations increase the range of answers.

Key words: finite element method, membership function, fuzzy number, coupled analysis
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