Seismic Response of Landfills with Geosynthetic Liners
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ABSTRACT: Geosynthetic liners can have important effect on the seismic response of a landfill. Slip deformations
occurring along a geosynthetic interface can limit the earthquake energy transmitted to the overlying waste or soil. A
dynamic response analysis procedure is described in which a geosynthetic liner is replaced by an equivalent soil layer. The
dynamic material properties of the equivalent soil layer were developed such that the response of the layer to earthquake
excitation is similar to that of the geosynthetic liner it replaces. An example landfill cross section is analyzed using
equivalent soil layers representing geosynthetic liners and the earthquake-induced accelerations within the landfill are
calculated. The results obtained from the dynamic response analysis, that included the geosynthetic liners are compared
with those that ignored the liners. It is demonstrated that smooth HDPE geomembrane/geotextile liners significantly reduce
the landfill acceleration, beyond an input base acceleration of 0.2g. Hence, a dynamic response analysis that assumes a
complete shear transfer through the geosynthetic liners (not allowing slip) can significantly overestimate landfill
accelerations. Such overestimation of landfill accelerations can lead to unrealistic values of landfill side slope

displacements.
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1 INTRODUCTION

Earthquake ground motions when propagating through a
landfill can induce permanent deformations of the waste
fill, and slip displacements along geosynthetic liners used
as impervious barriers. Such potential deformations, if
excessive, can compromise the integrity of a landfill. To
safeguard against this environmental hazard, in the U.S,,
federal regulations have been formulated that address the
seismic vulnerability of new landfills.

The calculation of earthquake-induced permanent
deformations of a landfill requires the investigation of the
dynamic response of the landfill. In engineering practice,
wave propagation analysis is performed to estimate the
accelerations and shear siresses within the landfill that is
experiencing a design level earthquake motion. In such an
analysis, the presence of geosynthetic liners within the
landfill cross section poses a significant challenge.
Kavazanjian et al. (1991), Yegian et al. (1992), and Zimmie
et al{1994) have demonstrated that under dynamic
excitations geosynthetic interfaces can transmit limited
shear stresses. Stresses larger than this limiting level will
induce slip displacements along the geosynthetic interface.
In current engineering practice, to simplify the dynamic
analysis of a landfill, the presence of geosynthetic liners is
generally ignored. This practice effectively assumes that
there is no slip induced along the liners during a seismic
event. As will be illustrated in this paper, this assumption
can lead to significant overestimation of the earthquake-
induced shear stresses in a landfill, leading to unrealistic
estimates of permanent deformations of the landfill.

This paper presents a brief description of a model that
can be used to represent the dynamic response of
geosynthetic liners in wave propagation analysis of landfill
cross sections. The paper includes an example analysis of a
landfill. A discussion of the results is included to
demonstrate the effect of the geosynthetic liners on the
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Figure 1. a) Waste fill with cover and bottom liners, b)
Equivalent soil layers that replace the liners in dynamic
response analysis.

seismic response of the landfill.

2 MODELLING OF GEOSYNTHETIC LINERS

In engineering practice, the dynamic response of a landfill
cross section is investigated, typically by considering a one-
dimensional column of layered soil’'waste fill profile. The
earthquake-induced accelerations and shear stresses in each
layer are computed using the equations that govern wave
propagation through elastic media. The computer program
SHAKE is commonly used for this purpose. In this SHAKE







