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Influence of Embankment on Liquefaction Properties of Foundation Soil
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Abstract: The liquefaction resistances of foundation soil subjected to embankment loading and
those without loading are compared and discussed by using the WWCC program developed inde-
pendently by the Geotechnical Research Institute of Hohai University. Three different seismic
waves and various heights of embankments are used to conduct dynamic finite element analysis of
an embankment constructed in Guangdong, China.China has incurred multiple earthquakes;ap-
proximately one-third of the total earthquakes in the country had magnitudes greater than 7.
Earthquakes cause severe losses because many highways are located in earthquake-prone areas.
Such damage has attracted an increasing amount of attention from highway engineering academics
because seismic loading causes liquefaction of ground soil. Foundation soil liquefaction occurs
when pore water continuously accumulates and is influenced by the effect of embankment loading
on foundation soil. The embankment loading causes a rapid increase in the pressure of pore water,
and the shear strength approaches to zero,which leads to losses in sand bearing capacity and for-
mation of the flow state. The main earthquake damage to roads located in liquefaction areas is
large structure displacement.Damages to expressways caused by foundation liquefaction vary and
include sinking, cracking, movement, breakage,and embankment collapse. At the present, many

studies on foundation soil liquefaction focus mostly on natural foundation.A book titled “Specifi-
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cation of Earthquake Resistant Design for Highway Engineering” presents various liquefied stand-
ards.However, the criteria mentioned in this book are applicable only to the exploration stage;few
studies have reported the effect of overlying buildings on the liquefaction properties of subgrade
soils. Therefore, this paper studies the liquefaction resistance of subgrade soils in the highway en-
gineering on the basis of previous research. When the natural foundation is subjected to additional
embankment loading,the distribution of stress and pore water pressure in the foundation soils is
changed. The effect of embankment loading on the foundation soil is so obvious that it is necessary
to pay close attention on the research.In this study,three different seismic waves are used to con-
duct dynamic finite element analysis of an embankment.The results show that embankment load-
ing significantly enhances the liquefaction resistance of subgrade soils, which means that the em-
bankment loading has a positive effect on the liquefaction resistance of an expressway. The lique-
faction resistance increases when the depth of the foundation soil increases;the highest increase
was 38 % .Moreover,a parameter study is conducted to further analyze the effect of embankment
height on the liquefaction properties of subgrade soils. The results show that a higher embank-
ment relates to higher liquefaction resistance. The influence of various heights is more obvious in
deeper layers of foundation soil;that on shallow layers can be ignored. Based on the research of
liquefaction properties of foundation soil subjected to embankment loading,it can be concluded
that the liquefaction resistance of highways is markedly safer with an embankment load.
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Table 1 Geotechnical parameters of soils used for static
calculation
+2& K n R¢ c @
At 300 0.83 0.82 30 25
Bt + 140 0.83 0.82 19.3 5.1
41> 350 0.905 0.795 2 29.5
WRER £ 150 0.83 0.825 8 15.6

WL+ 226 0.625 0.803 8 17.1
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Fig.4  Effect of embankment loading on liquefaction properties of subgrade soils
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Table 3 Relationships between dynamic parameters and shear strain
oY R AR 10°° 5X107°6 1077 5X10°° 10 5X10 4 1073 5X107° 1072 5X1072
- G/G max 1.00 0.980 0.920 0.560 0.440 0.280 0.220 0.160 0.100 0.06
Rk A 0.010 0.010 0.016 0.032 0.054 0.096 0.154 0.192 0.246 0.325
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