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ABSTRACT

One-dimensional (1-D) and two-dimensional (2-Dplgees of the seismic response of a geosynthetic-
lined heap leach pad were conducted using modatsatttount for relative displacement (slip) between

the liner system and the ore mass. The 1-D analyses included equivalent linear and non-linear analyses.
The equivalent linear analyses used the recommendatiorsgian et al. (1998) to model the impact of

slip at the liner interface. The nonlinear analysepleyed a weak layer to model slip at the liner
interfaces. The 2-D analyses were non-linear time-doranalyses that employed a large-strain finite
difference formulation and a linear elastic-perfegilgstic stress-strain model with the Mohr-Coulomb
failure criterion to model the behavior of the lineteiiaces. In all cases, analyses were also conducted
without considering slip. Analyses were conductedigi§ pairs of time histories, each pair scaled to a
different (and progressively increasing) peak ground acceleration. Comparison of the 2-D and 1-D
analyses shows that: 1) use of slip elements in a 1-D model is an improvement with respect to
conventional analysis without slip elements; 2sdd upon comparison with the 2-D analyses with slip
elements (believed to be more accurate, but rooneplicated to perform than 1-D analyses), additional
calibration of 1-D models is required to improveithaccuracy; and 3) as the seismically-induced loads
and displacements vary along the liner, a 2-D model witdrface slip elements is required to fully
account for the impact of seismic loading onleeformance of a geosynthetic liner system.

Keywords: Leach pad; seismic; interface; HDPE liner; nonlinear; equivalent linear

INTRODUCTION

A two-dimensional (2-D) non-linear time-domain numericeldel of the seismiesponse of a heap leach

pad with a geosynthetic liner has been developeccanmgpared to different types of one-dimensional (1-

D) analyses to evaluate the differences amongent methods for modeling the performance of
geosynthetic liner systems. The 2-D model includes interface elements that account for slip at liner system
interfaces and beam elements that allow for matation of stresses and strains in liner system
components. The 1-D analysis methods include mmethods proposed in the literature to model the
impact of slip at a geosynthetic liner system inteefaan equivalent linear method proposed by Yegian et

al. (1998) and a nonlinear method proposed by Kayaraand Matasovic (1995). Yegian et al. (1998)
proposed a set of damping and modulus values to maglehtbact of slip at a geosynthetic liner interface

on landfill seismic response using 1-D frequendgmain equivalent linear response analysis.
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Kavazanjian and Matasovic (1995)oposed using a weak soil layer with shear strength equal to the
interface shear strength of the liner system to moaeintipact of slip at a geosynthetic interface in a 1-D
time domain nonlinear seismic analysis. Neither of tieBeanalyses is able to predict stresses or strains
in the liner system. The 2-D time domain non-lin@aalysis described herein not only explicitly accounts
for slip at the liner interface but also computes 8iresses and strains iodd in the liner system
elements by seismic loading.

NON-LINEAR 2-D TIME DOMAIN ANALYSES

The heap leach pad model analyzed in this study was representative of a 50 m high leach pad with 2H:1V
(Horizontal:Vertical) side slopes and a 3% base slope (see Figure 1). Three cases were analyzed using the
non-linear 2-D model. In Case |, the impact ap €t the liner interface was modeled using a single
interface connecting the foundation to the waste but matielement representing the liner itself. In Case

I, the liner was modeled as a beam element with itterfaces (one on each side) connecting the beam
(liner) to the underlying foundation and the overlying ore pile. The beam element was assigned a zero
moment of inertia in order to consider the padrfor buckling of the geomembrane under compressive
loads. In Case lll, neither interfaces nor a beam element was employed in order to provide a basis for
evaluating the impact of the liner system models used in Cases | and Il on seismic response.

X 74.5m |74.5m
40 m 7
90 m Ropk , 81.06 m
i 1 ‘\

. 180m L 297.9im L. 80m .

< = >« . > >
Casel ,;' Case I : \ Case I1I

3 v 4

Interface elements Upper interface elements

/ Ore AN ‘ ¢ Ore
Beam element

Foundation * Foundation
Lower interface elements

No interface

Figure 1. 2-D models used to model Leach pad.

The 2-D non-linear analyses were conducted usiadiffite difference numerical modeling code FLAC
(Itasca, 2008) due to its ability to model relative displacement at liner system interfaces (Fowmes et al.,
2005). The finite difference grid for the leach paddel consisted of 3,8%®esh zones. An increased
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mesh density was employed around the interface. @fécaundation material properties used in the study
are summarized in Table 1. The initial elastic madwnd unit weight assigned to ore were based upon
typical properties for granular materials. The ore was assigned a friction anglé dha87weak rock
foundation was modeled as a linear elastic matertad. properties of the geomembrane beam element
were assigned based upon typical properties fobantn high density polyethylene geomembrane. For
simplicity, and due to the lack of any other imf@tion, the Young’s modulus from manufacturer’s
literature (i.e., the tensile modulusmder zero normal stress) was employed for the membrane in both
tension and compression, with no adjustment nifiadeormal stress on the geomembrane. The Young's
modulus assigned to the beam element was 117 mRayidld tensile strength of the geomembrane was
assumed to be 23 kN/m based upon typical values. The beam element was pinned at both ends, as
recommended by Fowmes et al. (2005).

Table 1. Ore and foundation material properties

Layer Depth Unit weight Shear wave velocity | Poison’s ratio
(m) (KN/m°) (m/s)

Ore Layer | 0-19.4 19.0 350 0.25

Ore Layer Il 19.4-30 19.0 375 0.25

Ore Layer Il 30-50 19.0 400 0.25

Rock 50-’ 20.0 700 0.25

Equivalent layer | 50-51 0.16 1365.5

Equivalent linear

Equivalent layer | 50-51 9.7 1421.96

1-D Nonlinear

Interface elements were attached to the top and bottom of the beam element to model the geomembrane /
foundation soil and geomembrane / leachate colledtiger interfaces. However, no low permeability

soil layer beneath the geomembrane was included and the leachate collection layer on top of the
geomembrane was ignored in the analyses to simplify the model. Initial analyses conducted to model the
impact of interface behavior on liner stresses dtbthat when the upper interface shear strength was
lower than the lower interface shear strength, the axial strains induced in the geomembrane were
insignificant. Therefore, for the analyses desctiberein, the upper interface was assigned an interface

shear strength represented by a friction angle of 20 dedrée<0°) and the lower interface shear

strength was assigned a friction angle of 15 dedréed5°). The shear and normal stiffness of the

interfaces were assigned a value 10 times greateratliacent elements to prevent the mesh from
penetrating the beam element. The free-field bedrock strong ground motions selected for input to the 2-D
analyses were converted to shear stress time lestorithe bedrock 90 m below the ground surface (the
bottom of the 2-D mesh) using the equivalent linear computer program SHAKE2000 (Ordonez, 2010).
The quiet boundary condition in FLAC was employed at the bottom and the sides of the model to absorb
the reflected seismic motion (instead of reflecting downward propagating seismic waves back into the
model).

The ore in the 2-D FLAGnalyses was treated as a nonlinear material. The behavior of the ore under
cyclic loading was based upon the equivalent lirdganping curve for gravel. FLAC uses a backbone
curve and the Masing criterion to model cyclic baba with hysteretic damping. Therefore, in
developing the equivalent linear properties for a ngltéhe modeler must decide whether it is more
important to match the damping curve or the modtadsiction curve. Figure 2(a) compares the best-fit
damping curve established by varying the backboneedarthe mean, mean plus one standard deviation,
and mean minus one standard deviation damping curves for gravel from Rollins et al. (1998) and the
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damping curve based upon the backbone curve that gives the best fit to the Rollins et al., (1998) modulus
reduction curve. Figure 2(b) compares the mean, rpesnone standard deti@n, and mean minus one
standard deviation modulus reduction curves for grimeat Rollins et al. (1998) and the best fit modulus
reduction developed by varying the backbone curve to the modulus reduction curve established using the
backbone curve for the best fit damping cur@@mparison of FLAC analyses to equivalent linear
analyses suggests that, for the sasgamined herein, it is more important to accurately model the
damping than the modulus reduction curve. Theegfthie best fit damping curve and the associated
modulus reduction curve were used in the 2-D non-li(lelaAC) analyses described in this paper.
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Figure 2. Comparison of (a) damping and (b) moduluseduction curves used in this study to Rollins
et al. (1998) and FLAC modulus-fit curves.

1-D EQUIVALENT LINEAR ANALYSIS

In the 1-D equivalent linear analysis, a representative vertical column of material through the ore pile was
subject to analysis. Each layeithin the column was characterized as a linear visco-elastic material with
a constant elastic shear modulus and a constaatidn of critical damping ratio (although both the
modulus and damping ratio depended upon the peak shaiar istthe layer). In this type of analysis,
shear deformations are continu@eoss layer boundaries, prohibiting ksip consideration of slip at an
interface. However, Yegian et al. (1998) proposedoaedure to model slip at a geosynthetic interface in
a 1-D equivalent linear analysis. The procedure megdiy Yegian et al. (1998) called for use of an
“equivalent layer” of unit thickness with 0.16 kNfmnit weight, a fraction of critical damping equal to
0.45, and an equivalent shear modulus curve. Yegfial. (1998) proposed initial (small strain) shear
modulus values (G for the “equivalent layer” that deperti®n the interface shear strength. For a
HDPE/geotextile interface a value 86 | was recommended for initial shear modulus of the “equivalent
layer” (Gnay, Where lis the normal stress on top of the liner. The dynamic friction coefficient of the
HDPE/geotextile interface tested by Yegian et(@aP98) was about 0.26, equivalent to an interface
friction angle of 15 degrees.
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Figure 3a shows the 1-D cross section used tesept a 50 m high heap leach pad in the equivalent
linear analysis. The ore and foundation material pt@gseused in the study are summarized in Table 1.
Figure 3b shows the 1-D cross section used to regresb@ m high heap leach pad in the equivalent
linear analysis with a unit thickness equivalentelarepresenting the liner interface according to the

Yegian et al. (1998) procedure.
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Figure 3. 1-D profile used in the analysis a) no liner included b) including a liner layer.

NONLINEAR 1-D TIME DOMAIN ANALYSIS

1-D non-linear time domain analyses of seismipoese were conducted using the computer program D-
MOD2000 (Matasovi¢ 2010) Like the 1-D equivalent linear analyses, the 1-D non-linear analyses
analyze a representative vertical column throtighore pile. D-MOD2000 uses the MKZ constitutive
model (Matasovic and Vucetic, 1993; 1996)define an initial backbone curve (which can be fitted to
match an equivalent linear backbone curve) ardkszribe unloading and reloading (in a manner that can
be fitted to an equivalent linear damping curve with the addition of a constant viscous damping). As
described by Kavazanjian and Maieie (1995), a thin soil layer with shear strength equal to the interface
shear strength of the liner was used to modelalifhe liner interface ithe D-MOD2000 analyses. For
comparison purposes, the stress-strain behavior eofetfuivalent layer was represented by the linear
elastic-perfectly plastic constitutivelaionship shown in Fig. 4, witthe same elastic modulus used for
the interface in the FLAC analyses and a shear stremgttacterized by the interface friction angle of 15
degrees. The 1-D column analyzed in this mannshasvn in Figure 3b. 1-D non-linear analyses were
also conducted without the weak soil layer for cangon purposes. The 1-D column used for the 1-D
nonlinear analysis without employing timerface is shown in Figure 3(a).
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/6.

Figure 4. Stress strain curve used in D-MO®2000 to represent the interface behavior.

STRONG MOTION RECORDS

Three pairs of strong motion records were usederatialyses described herein. The records were chosen

to represent earthquakes of moment magnitude fronio644. Each pair of records was scaled to a
different PGA. PGA values of 0.25g, 0.45g and 0.6gevemployed to investigate the influence of PGA

on the seismic response. The 0.25g PGA was employed to correspond to the 0.26 friction coefficient of
the interface with friction angle of 15 degrees so that there was no slip at the interface. The higher PGA
values were used to study the effect of slipthet interface on seismic response. Table 2 shows the
characteristics of the six reets used in the analysis.

Table 2. Characteristics of the strongearthquake records used in the analyses

Moment
Earthquake Record Magnitude, M,, PGA
Coalinga (1983) Pleasant Valley P.P., YARD, 045 6.4 (()g%
Loma Prieta (1989) LGPC, 090 6.9 0.6
Imperial Valley (1979) 2316, Bonds Corner, 140 6.5 0.45
Kobe (1995) Kakogawa, 000 (CUE) 6.9 0.45
Landers (1992) Joshua Tree, 090 7.3 0.25
Tabas (1978) Iran, 9102 Dayhook, Ln. 7.4 0.25

ACCELERATION RESPONSE SPECTRA

2-D Nonlinear FLAC Analyses

The three configurations shown in Figure 1 were loaaligld four of the six earthquake records described
in Table 2. Figure 5 (a) to (d) compares the aredbn response spectrum (ARS) from the 2-D nonlinear
analysis for a point in the middle of the top deckhe leach pad model from Case Ill, where there is no
interface, to Case | (single interface) for the earthguakords scaled to 0.25 g and 0.6 g. Figure 5 (a)
shows the comparison in case of the 0.6 g Coalinga (1983) earthquake input motion. At long periods
(greater than 1 sec) the interface shows no effecthenspectral response but in the vicinity of the
resonant period of the ore body (at around 0.5 s}pketral response in Case ldgver than the Case III.

At short periods (periods less than 0.1 s) the spleatceleration is similar for both cases. Figure 5 (b)
shows the comparison in case of the 0.6 g LomaaP¢l989) earthquake input motion. At long periods
(greater than 1.0 s), the interfaskows no effect on the spectralsponse but in the vicinity of the
resonant period of the ore body the spectaponse in case | again is lower than the case IpeAbds
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(between 0.2 and 0.1 s), the spectral accelerationse tis interestingly higher than the case where an
interface element was not used. Figure 5 (c) shinescomparison in case of the 0.25 g Tabas (1978)
earthquake input motion. The figure shows small diffiees in the response spectra except at around a
period of 0.2 s, where Case | gives a higher sdemtleration than the Case lll. Figure 5 (d) shows the
comparison for the case of the 0.25 g Landers (188&hquake input motion. The figure shows small
differences in the ARS except in thiinity of the resonant period of the ore body, where the spectral
response of Case | is lower than in Case Ill. In Figured{d)(b) the effect of slip at the liner interface is
more pronounced due to the higher PGA of the inputano In the case of Gures 5 (¢) and (d) the ARS

is very close because the PGA of the input motionrig e®se to the interface shr strength coefficient.
One very important observation from the results show Figure 5 is that introducing the interface
element (Case |) into the model did not significantlgeifthe PGA at the top deck of the leach pad.
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Figure 5. ARS on the top deck from 2-D analysifor Case | and Case Il (a) Coalinga (1983), (b)
Loma Prieta (1989), (c) Tabas (1978), and (d) Landers (1992).

Figure 6 (a) and (b) compares the ARS from the 2-D non-linear analysis for a point in the middle of the
top deck of the leach pad model for case |, where there a single interface is used to model the liner, to the
ARS for the same point for case Il, where the lines wedeled as beam element. Figure 5 (a) shows the
comparison in case of the Coalinga (1983) earthqugkg motion. At long periods (greater than 1 sec)

the response is identical but. Alhort periods (periods less than 0.1 s) the spectral acceleration shows
some differences. Figure 5 (b) shows the comparison in case of the Tabas (1983) earthquake record, where

the response is almost identical.
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1-D Equivalent Linear and Nonlinear analyses

The two configurations shown in Figure 3 were loaded with the six earthquake records shown in
Table 2 using the equivale linear computer cod&SHAKE2000 (Ordonez, 2008)yhe two
configurations shown in Figure 3 were also Ieddvith the six earthgake records shown in
Table 2 used the nonlinear computede D-MOD2000 (Matasovic, 2010Figures 7(a) to (d)
compare the ARS at the top of the column fribve 1-D non-linear analysis to the ARS from the

1- D equivalent linear analysis for both re@mstive columns shown in Figure 3. For the case
where the impact of the liner is ignored (Colula), the ARS from the 1-D nonlinear analysis
and thel-D equivalent linear apsés are identical at long perio@geater than 0.3 s). However,

at shorter periods the 1-D nonlinear spectral accelerations are generally higher than the 1-D
equivalent values. Figure 7 shows the efi@icemploying the interfacenodel (Column 3b) in

both types of 1-D analyses. Generally, employtimg interface model resulis a lower PGA in

both the nonlinear and equivaldimear analyses when theput motion PGA is high enough to
induce slip at the interface, as shown in Figures 7 (a) to (c). In Figure 7 (d), where the input
motion PGA is not high enough to induce slip & thterface result, the PGA at the top of the
column is similar whether or not an interface layer is employed.
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Figure 7. Comparison of ARS from 1-D analyses with and without liner elements (a) Coalinga
(1983), (b) Loma Prieta (1989), (c) Kobe (1995), and (d) Tabas (1978).

Comparison between 1-D and 2-D response spectra

Figure 8 (a) to (f) compares the ARS from the 2-D non-linear analysis for a point in the middle of the top
deck to the ARS for the top deck (i.e. at the tothefcolumn) from the 1-D equivalent linear analysis and
nonlinear analyses for cases with and without the interface elements.

The 1-D models that include an interface elementistardly give the lowest response, though as shown
in Figures 8 (f) (Tabas record scaled to 0.25 g) there is sometimes no significant difference among any of
the analyses. Furthermore, the equivalent linear mddat include an interface element always under
predict the response at the high frequencies which snéway under predict the PGA at the top of the
column. This result is consistent with the findingRathje and Bray (2000), who found that the response
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at the top of a lined landfill is not significantly modified by relative displacement at the liner interface as
long as the sliding displacements are relatively k(teds than 150-300 mm). The 2-D model without an
interface tends to give the greatest spectral respohlowever, the 2-D interface model and the 1-D non-
linear models occasionally have higher spectral acd&lesathan the 2-D model without an interface.
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Figure 8. ARS at center of the top deck (a) Coalinga, (b) Loma Prieta (1989), (c) Imperial Valley
(1979), (d) Kobe (1995), (e) Landers (1992) and (f) Tabas, Iran (1978).

SEISMIC DEFORMATION BEHAVIOUR

Permanent Deformation from 2-D Analyses

Permanent deformations calculated in the 2-D FLACyamlat four different locations (A, B, C and D)
for the Case | (interface) model (see Figure 1 fer plint locations) are showin Table 3. Point A
represents the heel of the leach pad while pointgBesznts the toe. Point C represents the point at the
center of the leach pad and point D is in betweentgdiand C. The calculated permanent displacements
in the middle of the leach pad (points C and D) wegligibly small in all case However, except for the

Tabas record, the analyses consistently show extension at the heel and compression at the toe. The results

for Case Il (using the beam and two interfaces odehthe liner) are similar (with minor differences) to
the results reported in Table 2 for the Ca@esing single interface to model the liner).
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Table 3. Permanent Deformation at the geosynthetic liner interface

Calculated permanent seismic displacement (cm)
Q Motion 2-D FLAC analysis (Case I) Decoupled
(Newmark)
A B D c analysis
Coalinga (1983) -105 167 16 15 64.0
Loma Prieta (1989) -108.9 | 154 19.3 4.7 125.32
Imperial Valley (1979) -97.6 120 13.5 3.2 34.6
Kobe (1995) -77.5 121 4.07 0.23 25.53
Landers (1992) -130 207 3.7 0.0 46.4
Tabas (1978) -13.7 23 0 0 0.936

Note: For location of points A, B, D and C refer to Figure 1.

Newmark displacements from 1-D analyses

A conventional decoupled Newmark seismic defation analysis was conducted using the 1-D
equivalent linear analysis results (with no interfageefafor comparison to the results of 2-D analyses.
The decoupled procedure described by (Bray et al., 1995) for seismic analysis of lined landfills was
employed. First, a limit equilibrium analysis wased to determine the yield acceleration of the ore mass

/ liner system using SLIDE 5.0 (Rocscience, 2005). Negtfithe history of shear stress at the liner level
from the SHAKE2000 equivalent linear analysis was caedeto an average acceleration time history for

the ore mass by dividing the shear stress by thertotatal stress acting on the liner. Excursions of one
side of the average acceleration time history alibeeyield acceleration were then double-integrated
(using a sub-routine in the SHAKE2000 program) to dateuthe permanent seismic displacement for the
decoupled analysis method. A yield acceleration of 0.08 g was found for the leach pad model shown in
Figure 1. It is important to note that the surface with the lowest yield acceleration was a relatively small
wedge at the toe of the ore mass. There is alscall sedge with a low yield acceleration at the heel of

the waste mass (which explains the large relatigplacement at this location). Table 3 presents the
results of the decoupled permanent seismic displadesmaitysis. The permanent deformation at the heel
and toe from the 2-D FLAC analysis (points A and B) were, with one exception, bigger than the
permanent deformation calculatediie decoupled Newmark analysis.

GEOMEMBRANE STRESSES AND STRAINS

A significant advantage of the 2-D (FLAC) analysisngared to the 1-D analysisthe ability to predict

the stresses and strains in the geomembrane lifigure 9 shows the axial stresses and strains in the
geomembrane predicted using the beam model (Case Il) for the liner for a case where the lower interface
shear strength was less than the upper interface stneagth for the 0.25 g Landers (1992) input motion,

the motion that produced the largest permanent digpkaceat the liner interface (possibly due to its long
duration and long period content). The axial tensigirstat the end of the record (which was also the
maximum axial strain) at the base liner for the cdastited in Figure 9 is approximately 12.8%, which

is below the yield strain of the &n but not an insignificant value.

Table 4 presents a summary of the maximum tensile and compressive forces and tensile and compressive
strains in the liner system for the six 2-D analyse<fase Il, where the interface friction angle below the
geomembrane was five degrees less than interfaitifriangle above the geomembrane. The maximum
tensile strains and forces were approximately at Pojrdt the heel of the waste mass. In all of the
analyses, the maximum compressive forces and straare at the toe of the leach pad, where the
geomembrane element was pinned.
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Figure 9. Axial strains and axial force in the base liner geomembrane calculated at the end of
earthquake record (Landers (1992).

Table 4. Summary of forces and strains in th liner for Case Il from the 2-D analysis

Max Force and Strain Developed in the Geomembrane
EQ Motion Tensile Tensile Compressive | Compressive
force strain force strain
(kN) (%) (kN) (%)
Coalinga (1983) 3.92 2.18 36.56 21.3
Loma Prieta (1989) 5.37 2.99 39.79 22.14
Imperial Valley (1979) | 4.21 2.38 36.42 20.62
Kobe (1995) 3.98 2.21 33.57 18.67
Landers (1992) 7.096 12.76 49.22 27.38
Tabas (1978) 1.19 0.65 8.5 4.7

SUMMARY AND CONCLUSIONS

Site response analyses have been conducted 24dngonlinear and 1-D equivalent-linear and nonlinear
analyses with and without liner elements. In the @ralyses the liner system was modeled 1) solely as a
weak interface; and 2) as a beam element with aterfvith interfaces on each side. In the 1-D analyses,
the liner was modeled as weak soil layer and asauivalent linear material. Analyses were also
conducted without liner elements. Results of theyaeal with 2-D models show that there are only minor
differences between the two means used to moeelinler. However, the beam model allows for the
explicit computation of the forces and strains in the liner element. The 2-D model without a liner element
generally produced greater spectral accelerationttitemodel with a liner, though in one case the model
with the liner produced higher spectral accelerafiorthe 0.1 to 0.3 second spectral period range.
Comparison of the various 1-D and 2-D models shows thdhe use of slip elements (weak layers) in 1-

D models is an improvement with respect to cotieaal 1-D analysis without slip elements; 2) based
upon comparison to the 2-D analysis with slip elements (which are believed to be more accurate, but
which are also more complicated to perform than dnBlyses),additional refinement of 1-D slip elements

is required to improve the accuracy of this typemafdeling; and 3) as the seismically-induced loads and
displacements vary along the liner, a 2-D model with interface slip elements is required to fully account
for the impact of seismic loading on the performance of a geosynthetic liner system..



5th International Conference on Earthquake Geotechnical Engineering
January 2011, 10-13
Santiago, Chile

AKNOWLEDGEMENTS

The work in this paper is part of a joint Arizona State University / University of California at San Diego
research program titled GOALI: Collatadive Research: The Integrity Geosynthetic Elements of Waste
Containment Barrier Systems Subject to Large Settlsrmm$eismic Loading. This project is funded by

the Geomechanics and Geotechnical Systems, Geoemental Engineering, and Geohazards Mitigation
program of the National Sciené¢®undation (NSF) Division of Civil, Mechanical, and Manufacturing
Innovation under grant number CMMI-0800873. The authors are grateful for this support as well as
support of project’s industrial partner, Geosyntec @ttasts, Inc. Opinions and positions expressed in
this paper are the opinions and positions of theaatonly and do not reflect the opinions and positions

of the NSF.

REFERENCES

Bray J. D., A. J. Augello., G. A. Leonards, P. Repetto, and R. J. Byrne, (1995). “Seismic Stability
Procedures for Solid-Waste Landfills”. J. Geotech. Engrg., ASCE, , Vol. 121, No. 2, 139-151.
Bray, J. D., Rathje, E. M., Augello, A. J., and Mer®y M. (1998). “Simplified Seismic Design Procedure
for Geosynthetic-Lined Solidwaste Landfills”. Geosyattbs International, Vol. 5, Nos. 1 and 2, 203—

235.

Fowmes, G.J., Jones, D.R.V., and Dixon, N.O&0 “Analysis of a Landfill Directive Compliant
Steepwall Lining System,” Proc. 0nternational Waste Management and Landfill Symposium,
Sardinia (CD-ROM).

Itasca (2008). “FLAC version 600 user’s guide — Fagiraagian analysis of continua,” User’'s Manual,
Itasca Consulting Group, Inc. (www.itasca.com), Minneapolis, Minnesota.

Kavazanjian, E., Jr. and Matasovic, N. (19953eismic Analysis of Solid Waste Landfills,” In:
Geoenvironment 2000, ASCE Geotechnical Special Publication No. 46, Vol. 2, pp. 1066-1080.
Matasovic, N. (2010). “D-MOD2000 - A Computd?rogram for Seismic Response Analysis of
Horizontally Layered Soil Deposits, Earthfill D&, and Solid Waste Landfills,” User's Manual,

GeoMoations, LLC (www.GeoMotions.com), Lacey, Washington.

Matasovic, N. and M. Vucetic (1993). “Cyclic chamxization of liquefiable sands”. J. of Geotech.
Engrg., ASCE, Vol. 119, No.11, 1805-1822.

Matasovic, N. and M. Vucetic (1995). “Generalizaatlic degradation-pore pressure generation model for
clays”. J. of Geotech. Engrg., ASCE, 121 (1), 33-42.

Ordonez, G. A. (2010). “SHAKE2000 -A Computer Program for the 1-D Analysis of Geotechnical
Earthquake Engineering ProblemdJser's Manual, Geomotions, LLQwww.geomotions.com)
Lacey, Washington.

Rathje, E. M., and Bray, J. D. (2000). “Nonlinear Ceaup&eismic Sliding Analysis of Earth Structures”.
J. of Geotech. And Geoenviron. Engrg., ASCE, Vol. 126, No. 11, 1002-1014.

Rocscience (2005). “Slide v5.0 - 2-D Limit Equilibm Slope Stability Analysis,” Rocscience, Inc.
(www.rocscience.cojn Toronto, Ontario.

Wartman, J. (1999). “Physical model studies ofsmétally induced deformation in slopes.” Ph.D.
Dissertation, Univ. of California, Berkeley, California.

Yegian, M.K., Harb, J.N., and Kadakal, U. (199&ynamic Response Analysis Procedure for Landfills
with Geosynthetic Liners.” J. of GeotecilmdaGeoenviron. Engrg, ASCE, Vol. 124, No. 10, 1027-
1033.




