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ABSTRACT

Realistic analysis of the dynamic response of a landfill that has geosynthetic liners
requires the proper modeling of the liner response within the landfill. The authors
have conducted shaking table tests and have demonstrated that under dymamic
excitations, slip displacements occur along smooth geasynthetic interfaces. Such slip
along a geosynthetic bottom liner in a landfill can limit the accelerations transmitted
ter the landfill waste. Hence, in the estimation of the permanent deformations of a
landfill waste and of slip displacements along geosynthetic cover and side slope
liners, the effect of the presence of the bottom liner in the dynamic response of the
landfill needs to be considered.

This paper describes a one-dimensional wave propagation analysis procedure that
allows the modeling of slip along geosynthetic liners placed within a landfill. In this
procedure, a geosynthetic interface is replaced by an “equivalent soil layer” of 1 m
thickness. The dynamic properties of the equivalent soil layer are derived such that
the response of the equivalent soil layer is in agreement with that of the interface as
measured in shaking table tests. The paper presents the dynamic properties of
equivalent soil layers representing various peosynthetic interfaces encountered in
engineering practice. The results from an example study of a landfill cross section, is
included to demonstrate the various steps of the procedure, and to illustrate the effect
of the presence of geosynthetic bottom and cover liners on the dynamic response of
the landfill waste,
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INTRODUCTION

For the past few years, increased attention has been placed on the vulnersbility of
landfills 1o earthquake-induced deformations. In addition to the overall stability of
the landfill waste, the cover and bottom liner systems, that protect the surrounding
soil and the groundwater from potential contamination, have o be designed to
sustain seismic events. In view of this environmental hazard, federal regulations
[EPA 1992) have been formulated to address the problem of siting and designing a
solid waste landfill within a scismically active zone,

Earthquake ground motions when propagating through a landfill can induce
permanent deformations of the waste fill, as well as, slip displacements along
geosynthetic liners used as impervious barriers. Such polential deformations, if
excessive, can compromise the integrity of a landfill,

The caleulation of earthquake-induced permanent deformations of a landfill requires
the investigation of the dynamic response of the landfill. Typically, in engineering
practice, wave propagation analysis is performed 1o estimate the accelerations and
shear stresses within the landfill that is experiencing a design level earthquake
motion. In such an analysis, the presence of geosynthetic liners within the landfill
cross seclion poses a significant challenge, Kavazanjian et al, (1991, 1995), Yegian
et al. (1992), and Zimmi et al. {1994} have demonsirated that under dynamic
excitations geosynthetic interfaces can transmit only limited shear siresses, Stresses
larger than this limiting level will induce slip displacements along the geosynthetic
interface. In current engincering 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,

This paper presents a brief description of a model that can be used to represent the
dynamic response of geosynthetic liners in one-dimensional wave propagation
analysis of landfill cross sections. The paper also includes example applications of
the dynamic response analysis procedurs that incorporate geosynthetic liners. The
results from these ecxample analyscs are discussed and conclusions are made
regarding the effect of smooth geomembrane liners on the dynamic response of
municipal solid waste landfills.

EQUIVALENT SOIL LAYER

The dynamic response calculation of a landfill is a difficult problem due to various
factors including: the geometric irregularities, uncertainties in material properties of :
the landfill waste, and the nonlinear nature of the geosynthetic liner interfaces. A
two-dimensional nonlinear dynamic analysis can accurately estimate the dynamic
respanse of a landfill. Often, in current practice, a simplified analysis approach is
followed due to the extreme effort and time required for a complicated two-
dimensional analysis. Usually, the problem is simplified by using multiple one-







