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Finite Element Analysis for the Effects on the Stiffness of the Embankment
and Sandmat on the Deformation Property and the Safety of Road Embankment
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Abstract : Effects on the stiffness of the embankment and sandmat on the construction safety of road embankment
was investigated in this study by the numerical experiments using FEM. Two points was mainly focused in this study
especially. First the deformation characteristics by the change of the stiffness of sand mat and embankment was
investigated by the analyzing the consolidation settlement at the center of the embankment and the lateral displace-
ment at the toe of the embankment. And, the effect of the stiffness on the stress distribution characteristics was also
investigated in this study. Furthermore, slope stability analysis was carried out to gain the safe factor by change the
stiffness of the sandmat and the embankment. The objective of the study is supplying the result of the numerical
experiments for the geotechnical engineers who use the FEM for the safety design of the soil structures. As a result,
the stiffness of the superstructures greatly affects on the deformation characteristics both in consolidation settlement
and lateral displacement. However, it can be aware that it is not dominants to the stress distribution in the aspect that
the no changes in the residual excess pore water pressure. Therefore, the decision of the stiffness has to be carried
out deliberately considering not only the consolidation the magnitude of the settlement and the lateral displacement,
but the slope stability.

Key Words : road embankment, consolidation settlement, lateral displacement. slope stability
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~O—E=52+3 3N(Fine sand, SW) 0.2-0.06mm, ¢ =2, §<50%, r=0.758

=0~ E=71+4 9N{Fine sand, SW) 0.2-0.06mm, ¢,=2, § <100%, r=0.900
~{E=39+4 5N(Sand, SW), 1.5-0.1mm, ¢ =2, $,<50%, r=0.954

= E=43+11.8N(Gravelly sand, SP-GP), 12-0.15mm, ¢ =4, 5,<50%, 1=0.886
—@—E=38+10.5N(Sandy gravel, GP). 63-0.06mm, ¢ =60, S, <50%, r=0.783
——E=24+5.3N(Silty sand, SM), 2.0-0.02mm, ¢ =8, 5,<85%, r=0.764
—dh—E=12+5.8N(Silt or Sitty sand, CL), 0.1-0.002mm, ¢ =60, §,<85%, r=0.904
—@~—E=4+11.5N(Silt or Clayay silt, CL), 0.1-0.01mm, S,<50%, | >15, r=:0.924
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Fig. 1. Relationship of elastic modulus and N value(Schultze
and Menzenbach, 1961),

Table 1, Typical values of elastic modulus

Kinds of soil E(tf/m’)
Dense gravel 10,000 ~20,000
Dense sand 5,000 ~8,000
Loose sand 1,000 ~2,000
Stiff clay 800~1,500
Medium clay 400~800
Soft clay 150~400
Very soft clay 50~300
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Table 2. Parameters used in analysis

Parameters Unit Clay layer E_mbankmer}t 'Sand mat
Mohr-Coulomb | Linear elastic | Linear elastic
Dry unit weight  kN/m' 15 19 19
Saturated unit weight [kKN/m’ 18 24 2
Horizontal permeability|m/day 1.0E4 1.0 1.0
Vertical permeability |m/day 1.0E4 1.0 1.0
Elastic modulus kPa 500 Variable Variable
Poisson's ratio - 0.333 0.333 0.333
Cohesion kPa 2
Friction angle Deg 24
Swelling angle Deg 0
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