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ABSTRACT: Landfill deformation and stability analysis is one of the most important concerns in the municipal solid waste 
(MSW) landfill design and operation. Conventional stability analysis can predict stability and deformations of landfills along 
critical shear planes, but they lack the capability to compute time-dependent stress and deformation response due to the 
effects of time-dependent mechanisms such as creep and biodegradation occurring in municipal solid waste (MSW). In this 
study, MSW is modelled using a constitutive model which considers time-dependent mechanisms and its degradable 
characteristics. The study illustrates the role of constitutive model of MSW on the stress-deformation characteristics of 
landfill systems. In this paper, a simple case of landfill slope representing MSW of Bangalore city is considered and stability 
and deformation analysis is performed. The model predicts that the effect of different mechanisms in MSW is to increase the 
overall stability of landfill with time. The stability and deformation characteristics of a typical lined landfill system is also 
evaluated using the model. The implications of the study are that in addition to the stiffness of MSW and stress levels, time-
dependent mechanisms such as creep and biodegradation control the stress-deformation response of composite liners. 

RÉSUMÉ: L'analyse de la déformation et de la stabilité des décharges est l'une des préoccupations les plus importantes dans 
la conception et l'exploitation des décharges de déchets solides municipaux (MSW). L'analyse de stabilité conventionnelle 
permet de prédire la stabilité et les déformations des sites d'enfouissement le long des plans de cisaillement critiques, mais ils 
n'ont pas la capacité de calculer le stress et la déformation en fonction du temps en raison des mécanismes temporels tels que 
le fluage et la biodégradation des déchets municipaux solides). Dans cette étude, les MSW sont modélisés à l'aide d'un 
modèle constitutif qui considère les mécanismes temps-dépendants et ses caractéristiques dégradables. L'étude illustre le rôle 
du modèle constitutif des MSW sur les caractéristiques de contrainte-déformation des systèmes d'enfouissement. Dans cet 
article, un cas simple de pente de décharge représentant les MSW de la ville de Bangalore est considéré et l'analyse de 
stabilité et de déformation est effectuée. Le modèle prédit que l'effet de différents mécanismes dans les MSW est 
d'augmenter la stabilité globale de la décharge avec le temps. Les caractéristiques de stabilité et de déformation d'un système 
d'enfouissement à revêtement typique sont également évaluées à l'aide du modèle. Les implications de l'étude sont que, en 
plus de la rigidité des MSW et des niveaux de contrainte, des mécanismes dépendant du temps tels que le fluage et la 
biodégradation contrôlent la réponse déformation-contrainte des revêtements composites. 

KEYWORDS: Landfill, stability, constitutive model, lined landfill, composite liners 

1 INTRODUCTION 

Engineering behaviour of the waste body controls many 
aspects of landfill design and performance, including 
stability issues and integrity of the geosynthetic and 
mineral lining components. Analysis of stress-
deformation response of MSW and evaluation of 
interface shear strengths between various geosynthetics 
in composite liners became essential after reports of 
landfill failures namely Kettlemen hills in California 
(Mitchell et al. 1990; Seed et al. 1990), Gnojna Grora 
landfill in Poland (Bouzza and Wojnarowicz, 2000), 
Istanbul landfill in Turkey (Kocasoy and Curi, 1995; 
Koerner and Soong, 2000) and Payatas landfill in 
Philippines (Merry et al. 2005). They resulted in 
casualties and slides of large volume of waste.  

The compression and shear strength of MSW are 
interrelated and there is a need to study the compression-
strength behavior of MSW to assess the interaction 
between the waste and barrier systems. In this context, 
understanding the response of MSW using a constitutive 
modelling framework assumes considerable significance. 
The effects of moisture content, density, history of 
loading etc. are clearly reflected in the stress-strain 
behavior of MSW. Several researchers have developed 
constitutive model which can predict stress-deformation 
response of MSW while incorporating the important 
mechanisms of MSW. Machedo et al. (2002) proposed a 
constitutive model to simulate the mechanical behaviour 
of MSW and considered that MSW behavior is 
controlled by two distinct parts, the mechanical behavior 
of the fibrous material and of the paste, using a coupled 
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 elasto-plastic model. Machado et al. (2008) improved the 
above model by considering the influence of 
biodegradation of organic matter in the mechanical 
behavior of MSW. Marques et al. (2003) developed a 
composite compressibility model that incorporates three 
mechanisms for one dimensional compression of MSW: 
instantaneous response to load (�p), mechanical creep 
(�c), and biological decomposition (�B). Babu et al. 
(2010a) developed a generalized constitutive model 
based on critical state soil mechanics principles to predict 
the stress-strain response of MSW with time. The 
mechanisms affecting the response of MSW include 
primary compression, mechanical compression and creep, 
and decomposition due to biodegradation of organic 
components. Subsequently, Babu et al. (2010b) and 
Ering and Babu (2015) illustrated the applicability of the 
model to predict time dependent settlement for a typical 
MSW landfill. Chouskey and Babu (2014) presented 
modifications in the previously proposed constitutive 
model for the prediction of the stress-strain response of 
MSW. The critical state surface was derived with 
consideration of five parameters [f = f (p’, q, e, t, εv

p) = 0] 
and strain hardening rule was derived with respect to the 
modified expression for the critical state surface. The 
stress-strain response predicted from model is validated 
with reference to the experimental results of tri-axial 
samples on MSW samples obtained from compost reject 
of the Mavallipura landfill site, Bangalore.  

This paper presents an approach to predict stress-
strain response of MSW landfill systems while 
incorporating the time-variant and degradable 
characteristics of MSW in the analysis. An existing 
constitutive model (Babu et al. 2010) is implemented in 
numerical analysis program (FLAC 2D) to analyze the 
behavior of MSW with time. The model is essentially 
modified cam-clay with an extension to include effects of 
creep and biodegradation. The stability and deformation 
response of a landfill is analyzed in response to the effect 
of different mechanisms governing the behaviour of 
MSW and time. The study also illustrates the role of 
constitutive model of MSW on the interface stress-
deformation response of lined landfill systems. The 
effects of time and its dependent mechanisms in-addition 
to the compressibility and degradability nature of MSW 
on the interface behavior and lined landfill performance 
are evaluated.  

2  CONSTITUTIVE MODEL FOR MSW 

The following assumptions have been made in the 
development of the constitutive model for MSW:  
(1) The mechanical behaviour follows elasto-plastic 
behavior in the framework of the critical state soil model 
with associated flow rule; 
(2) The secondary compression is governed by the time 
dependent phenomenon and represented in an 
exponential function, which is given by: 

εv
c = bΔσ′ (1-e-ct′)                                                        (1) 

(3) The time dependent biological degradation is 
assumed to be given by: 

εv
b = Edg (1-e-dt″)                                                    (2) 

Hence, increment in volumetric strain is given by:
 c b

v v v v
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Increment in plastic volumetric strain can be written as:

                             
2 2

2

1
p

v

dp d
d

e p M
   


          

                                 (5)

 

Where κ is the swelling index; λ is the compression index; 
η is the stress ratio and M is the frictional constant. These 
increments in elastic and plastic volumetric strains are 
well established in critical state soil mechanics literature. 
The total volumetric strain of MSW can be expressed as 
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The equation for prediction of stress-strain is given by  
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                             (7)                              

Where p  is the mean effective stress and 0p  is the 

pre-consolidation pressure.  

3 METHODOLOGY 

For the purpose of this study two cases are considered: 1) 
Unlined MSW landfill slope and 2) Lined landfill slope. 
In both the cases, constitutive model for MSW is utilized 
to predict the stability and deformation characteristics. 

3.1 Case 1: Unlined landfill slope 

A typical MSW landfill of 5m high and 1H: 1V slope on 
both sides is simulated and analyzed using FLAC2D 
(Fast Lagrangian Analysis of Continua) based on finite 
difference method as shown in figure 1. MSW is 
assumed to be placed in five layers on the base of the 
landfill. The bottom boundary is fixed in both directions 
but the side slopes and top boundary are free in both the 
directions. The simulation is done in five stages as there 
are five lifts. The first stage simulates the first lift of 
waste and subsequent lifts simulate the subsequent stages 
of land-filling. 
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Figure 1: Landfill geometry 

3.1.1 Modelling MSW in FLAC 

The engineering properties of MSW are derived from test 
results presented in Babu and Lakshmikanthan (2014). 
They are given in Table 1. The constitutive model for 
MSW is essentially modified cam-clay with an extension 
to include effects of creep and biodegradation. A FISH 
function containing special statements to include time-
dependent mechanisms of creep and biodegradation to 
the modified cam clay model is created. The improved 
model requires time, parameters of creep and 
biodegradation mechanisms as additional input 
parameters in addition to frictional constant M, slope of 
normal consolidation and swelling line (λ and κ) and pre-
consolidation pressure. 

Table 1: Properties of MSW 

PROPERTY Value 

Cohesion  c, (kPa) 5 

Friction angle  �, (º) 30 

Bulk density  ال, (kN/m3), 10 

Modulus of elasticity  E, (kN/m²) 30000 

Frictional constant , M 1.2 

Compression index (Lamda), λ 0.046 

Swelling index (Kappa) , κ 0.0046 

Strain due to biodegradation  Edg 0.158 

Rate constant for biological decomposition  d, 

(day-1) 

1.14x10-3

Coefficient of mechanical creep  b, (m2/kN) 5.72x10-2

Rate constant for mechanical creep  c, (day-1) 1.79x10-3 

3.1.2 Step by step implementation in FLAC 

The procedure to simulate this type of problem is 
illustrated in the following steps: 
1) Generate the grid and assign material model (modified 

model) properties and boundary conditions to represent 

the physical system.  

2) The first lift of the slope is considered to be normally 
consolidated at this stage as the material is just placed. 

3) The mean and deviator effective stresses are calculated 
(p and q). 
4) The elastic, plastic, creep and biodegradation 
components of strain based on equations (4), (5), (1) and 
(2) are evaluated.  
5) The pre-consolidation pressure is evaluated using the 
relation: 
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6) Previous value of pre-consolidation pressure is 
replaced by the value obtained from the above equation. 
7) Using the current value of pre-consolidation pressure 
determine the yield surface, the equation of which has 
also been changed to equation (7). 
8) Then the next lift of MSW is placed over the first layer 
and similar procedure is followed.  

3.2 Case 2: Lined landfill slope 

A schematic of the composite liner system considered in 
this study is shown in Figure 2.  

 

Figure 2: Lined landfill system. 

A typical composite lining system consists of base and 
side slope liner to contain the MSW. The stability of the 
base and side slopes is a major concern because most of 
the potential failure planes are located along these slopes.  

The height of landfill is 30.5 m and waste is assumed 
to be placed in horizontal layers on the base. The MSW 
slope face is assumed to be 1V:3H and side liner has 
slope of 1V:2H. For the purpose of this study, the 
controlling interface is smooth geomembrane-nonwoven 
geotextile. The interface shear strength parameters and 
shear-displacement behavior are derived from the results 
of laboratory direct shear tests performed by Reddy et al. 
(1996).  
3.2.1 Modelling liner interfaces in FLAC 

An interface is represented as normal and shear stiffness 
between two planes which may contact each other. The 
lined landfill system has two interfaces, one at the base 
and other at the side slope. In this paper, the behavior of 
smooth high density polyethylene (HDPE) 
geomembrane-nonwoven geotextile is studied. The 
interfaces are modelled in FLAC using the INTERFACE 
command which requires properties such as shear 
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 stiffness, normal stiffness, cohesion and friction angle. 
These properties are given in Table 2. As described 
earlier, the interface strength parameters such as cohesion 
and friction angle are derived from results of direct shear 
tests. The shear stiffness and normal stiffness of different 
interfaces are also evaluated from the shear stress-
displacement curves/results of the same direct shear tests. 
 

Table 2: Interface model parameters 

 

3.2.2 Numerical analysis 

The constitutive model for MSW is the same as used in 
the previous case. Step by step implementation of the 
problem is also same as in the previous case of unlined 
landfill slope. 

4 RESULTS 

4.1 Case 1: Unlined landfill slope  

Stability and deformation analysis of the landfill slope 
using the constitutive model approach is performed. 

Figure 3: FLAC grid 

4.1.1 Factor of safety 

Stability of the slope is evaluated with limit equilibrium 
methods such as Taylor’s stability charts, Bishop, Janbu 
methods and numerical models (FLAC). The results of 
analysis expressed in terms of factor of safety are given 
in Table 3. Limit equilibrium methods are compared with 
the numerical model. 

 

 

Table 3: Factor of safety  

Method Factor of safety 

Taylor’s stability number 1.57 

Bishop simplified  1.60 

Janbu simplified 1.56 

FLAC (Proposed model) 1.55 

 

 The results show that the values from different 
methods are in similar range, confirming the accuracy of 
finite difference model considered in the present study 
for further analysis.  However, limit equilibrium methods 
only give values of factor of safety and do not provide 
information on deformations. Since the proposed model 
incorporates mechanisms of primary compression, creep 
and biodegradation, the latter two being time dependent 
mechanisms, the effect of time on the behaviour and 
stability of the MSW slope can be estimated. Table 4 
shows the results of factor of safety varying with fill age 
and different mechanisms incorporated. The results show 
that as time or fill age increases, the factor of safety 
increases. Since primary compression is due to 
instantaneous response to applied load and is 
independent of time, it gives only one safety value. The 
value of factor of safety varies depending on the 
mechanism dominant in MSW. 
 

Table 4: Variation of factor of safety with different mechanisms 

and time 

Time(days) 100 365 3650 

Primary compression 1.55 1.55 1.55 

Primary compression+ creep 1.75 1.90 1.95 

Primary compression+ creep+ 

biodegradation 

1.64 1.85 2.00 

 The effect of creep and biodegradation 
mechanisms is to enhance the stability of the MSW slope 
as it is evident from Table 4. The mechanism of 
biodegradation increases the overall stability of slope 
however gives comparatively smaller values for 100days 
and 365 days. This may be because as time progresses 
waste degrades due to which void ratio may increase and 
the corresponding rearrangement of particles is still in 
progress. Hence the conventional slope stability methods 
ignoring the creep and biodegradation underestimate the 
factor of safety of MSW slope, which increases from its 
initial value with time. As more and more MSW gets 
degraded, the MSW slope acquires a stable configuration.  

 

4.1.2 Deformation analysis 

Parameter 

Smooth HDPE 

geomembrane 

nonwoven geotextile 

Shear stiffness (kPa), Ks  1490 

Modulus exponent, n 1.0 

cohesion (kPa),Cl  1.4 

Friction angle (°),δl 11⁰ 

Failure ratio,Rf 0.9 

Normal stiffness (kPa), Kn  10⁴ 
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 The models reported in the literature can predict only 
vertical settlements of MSW landfill. However for 
landfills horizontal as well as vertical deformations are 
crucial to monitor many aspects of landfilling operations. 
The vertical and horizontal deformations of a point A on 
the crest of the MSW slope are evaluated and presented 
in Tables 5 and 6 respectively.  

 

Table 5: Vertical deformations due to different mechanisms  

 

Table 6: Horizontal deformations due to different mechanisms   

 

It is observed that the deformations of the MSW slope 
increase with fill age. The mechanism of primary 
compression is completed before 100 days and hence the 
values corresponding to 100 days and beyond are 
constant. In the case of mechanisms involving 

biodegradation and creep, the deformations are functions 
of time and increase with fill age. The mechanisms of 
creep and biodegradation dominate the behavior of MSW 
with time and hence induce considerable deformations in 
the slope.  

4.1.3 Volume changes in MSW slope with time 

The vertical and horizontal deformations of the MSW 
slope with time due to different mechanisms result in the 
change in shape of the original profile. In this study 
volume changes occurring in the MSW slope with time 
are evaluated and presented. This study of volume 
change in landfill is essential to estimate the capacities of 
landfills and provide guidance in landfill closure plans. 

Consider cell geometry of 5m high and 1:1 slope. 
The original volume of the MSW slope is 75 m3. The 
expected volume change of the slope with fill age is 
presented in Table 7.  

 
Table 7:  Volume changes with time 

 
 Figures 4, 5 and 6 show the deformed landfill 
section with time. The results show that as the fill age of 
the slope increases there is considerable change in the 
volume of MSW slope. Consider for example, at a fill 
age of 100 days the change in volume is only 18% while 
at the end of 10 years (3650 days) it is about 60%. Hence, 
a considerable amount of MSW has degraded.  

 

 

 

Figure 4: MSW slope after 100 days
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Primary compression (mm) 309 309 309 

Primary compression+ creep 

(mm) 

1053 1109 1239

Primary compression +creep+ 

biodegradation (mm) 

1687 1808 2329

Time(days) 100 365 3650
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(mm) 

1902 2174 4388

Primary compression +creep+ 

biodegradation (mm) 

2937 3414 8368
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Original 
volume(m³) 
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(m³) 

Volume 
change (%) 

100 75 61.14 18.48 
365 75 42.56 43.24 
3650 75 30.39 59.47 
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Figure 5: MSW slope after 1 year 

 

 

 

Figure 6: MSW slope after 10 years 

 

2 Lined landfill slope 

The results from numerical analyses include shear 
stresses and displacements induced at smooth HDPE 
geomembrane-nonwoven geotextile interfaces due to 
time-dependent waste compression and degradation. In 
the assessment of results, the interface shear stresses 
and displacements are plotted against the distance from 
the toe of the MSW slope. As in figure 2, the first 122 
m consists of base liner and the remaining length i.e till 

180 m consists of side slope liner which is at 1V:2H 
slope. A series of parametric study are carried out to 
analyze the effect of slope geometry, lift thickness, 
degradability and compressibility of MSW on the 
interface responses in lining systems.  
4.2.1 Numerical analysis 

The shear stresses and displacements induced at the 
interfaces after placement of each layer of MSW is 
determined. 
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 The results presented in Figure 7 show that the interface 
shear stresses increased as the height of the MSW 
increased from 3.81 m to 30.5 m. As the MSW thickness 
increases, the location of maximum shear stress shifts 
laterally toward the side slope liner. These maximum 
shear stress points approximately correspond to the mid-
point of the waste geometry. The model predicts a 
maximum interface shear stress value of 41.5 kPa. These 
results are obtained by assigning the value of time as 100 
days in the formulation of the model.  
 Figures 8, 9 also present interface stress and 
displacements at different time intervals i.e. 100 days, 1 
year and 3 years after waste placement. These results can 
be evaluated as the model takes into account the effects 
of time by considering the time-dependent mechanisms, 
creep and biodegradation which controls the waste 
settlement and degradation. The results show that shear 
stresses and displacements induced at the interfaces 
decreases with time. Maximum shear stresses and 
displacements induced at the interfaces are observed at 
100 days, which decreases with increasing time.  

Maximum displacement induced at 100 days is 44.5 mm  
which reduces to 22 mm after one year and 5.4 mm after 
3 years. This may be because as time increases, the rate 
of waste settlements due to creep and biodegradation 
mechanism decreases. Waste settlements result in 
rearrangement of particles and self-compaction of MSW 
material in the landfill. The results of stability analysis of 
the landfill estimated at different time periods are 
presented in Table 8.  
It is observed that the factor of safety values increased as 
the time or fill age of the landfill increased. At 100 days, 
the factor of safety estimated is 1.52 which increases to 
1.73 at 365 days. After 3 years the factor of safety of the 
lined landfill becomes 1.82. 
 
Table 8: Factor of safety at different times

 

 

 

Figure 7: Distribution of shear stress along MSW interfaces 
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Figure 8: Shear stress distributions along MSW interface at different time points 

 

 

 

Figure 9: Displacement along MSW slope at different time points 
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 4.2.2 Parametric study 

A series of parametric studies are carried out to evaluate 
the effects of different parameters on the interface stress-
deformation response and stability of landfills. These 
parameters are 1) slope geometry 2) lift thickness 3) 
compressibility of MSW and 4) degradability of MSW. 
These studies might help the designers and engineers to 
predict the behavior of landfill under specific site 
conditions. The compressible and degradable nature of 
MSW affects the magnitude and distribution of shear 
stresses and displacements at the interfaces and will help 
in estimating additional landfilling capacity before 
closure. It is important to understand the effect of slope 
geometry on the stability as well as performance of 
landfills. Lift thickness of MSW also affects the 
distribution of stresses and displacements at the 
interfaces. Although the qualitative influence of some 
parameters such as slope geometry is generally 
understood but it is essential to understand the effects of 
these parameters in quantitative terms within the 
framework of constitutive modelling.  

4.2.2.1 Slope geometry 

In order to examine the effect of slope geometry, the 
slope of side liner is varied from 1V:3H to 1V:2H while 
MSW slope face is assumed to be fixed at 1V:3H. Three 
values are selected for the study: 1V:2H, 1V:2.5H and 
1V:3H. The distribution of shear stresses and 
displacements along the interfaces are obtained for all the 
three cases in Figures 10 and 11.  

 The results show that the stresses increased as the 
slope becomes steeper. The stresses and displacements 
are highest for the slope of 1V:2H and lowest for 1V:3H. 
It implies that steeper slope has high chances of failure as 
the resistance against sliding is less.  The maximum 
displacement induced for a slope of 1V:2H is 44.5 mm 
which decreases to 37 mm for 1V:2.5H slope. The value 
decreases to 12 mm for 1V:3H slope. Stability of the 
landfill system is also estimated for the three selected 
cases in FLAC and the results are presented in Table 9. 
The results show that the stability of the landfill 
increased as the slope angle decreased from 1V:2H to 
1V:3H.  

  

 

 

Table 9: Factor of safety at different slope angles 

Slope angle MCCB model 

1V:2H 1.52 

1V:2.5H 1.57 

1V:3H 1.68 

 

4.2.2.2 Lift thickness 

The influence of lift thickness on the overall stability and 
performance of the MSW landfills is also evaluated. The 
landfill profile selected for this study is assumed to be 
filled in different lift thicknesses of 3.81 m, 6.1 m and 
15.25 m. In the first case, MSW is placed in eight stages, 
six increments in the second case and two increments in 
the third.  
 
Table10:  Factor of safety at different lift thickness 

Lift thickness (m) Factor of safety 

3.81 1.52 

6.1 1.43 

15.25 1.25 

 

 Figures 12 and 13 show the stresses and 
displacements induced at interfaces due to different lift 
thicknesses. The smaller lift thickness induces lesser 
shear stresses and displacements. The shear stresses and 
displacements values are maximum for 15.25 m and 
minimum for 3.81 m. The stability of landfill is also 
estimated for all the three selected cases and given in 
Table 10. The factor of safety is found to decrease with 
increase in lift thickness from 3.81m to 15.25 m.  
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Figure 10: Shear stresses for different slope geometry 

 

 

 

 

Figure 11: Displacements for different slope geometry 
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Figure 12: Shear stress distribution along the MSW interface for different lift thickness 

 

 

Figure 13: Displacements along MSW interfaces for different lift thickness 
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 4.2.2.3 Compressibility of MSW 

The effect of compressible nature of MSW on the 
interface stress-deformation is evaluated. Different 
values of compression index λ, 0.046 and 0.109 are 
selected in the analysis while keeping all other 
parameters constant. These values of λ belong to the 
range of values recommended for Cc (0.1-0.6) by the 
researchers in the literature (Machado et al. 2008, Babu 
et al. 2011).  

 Figures 14 and 15 show the distribution of 
stresses and displacements at base and side slope 
interfaces after 100 days of waste placement due to 
different compression index values. Lambda_1 means λ 
equal to 0.046 and lambda_2 means λ equal to 0.109. 
The results of the analysis indicate that the 
compressibility of MSW results in significant stresses 
and deformations mobilized along the interfaces. High 
compression index value (λ = 0.109) results in larger 

settlements which induces higher shear stresses and 
displacements at the interfaces. While lower value of 
compression index results in smaller stresses and 
displacements mobilized along the 

4.2.2.4 Degradability of MSW 

The rate of strain due to biodegradation induced 
settlements/compression is expressed by rate of 
biodegradation, d. Figures 16 and 17 show the effect of 
rate of biodegradation or degradability of MSW on the 
shear stresses and deformations induced along the 
interfaces. Different values of d, selected for the study 
are d1 = 2.4e-3 and d2 = 1.14e-3. The results of the 
analysis show that the rate of biodegradation affects 
MSW settlement which in turn affects the stresses and 
displacements induced at interfaces. High degradability 
or rate of biodegradation, results in higher stresses and 
displacements mobilized at interfaces while lower 
degradability of MSW results in lower values of stresses 
and displacements.    

 

 

 

 

 

Figure 14: Shear stresses for different compression index values 
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Figure 15: Displacements for different compression index values 

 

 

 

Figure 16: Shear stresses for different values of rate of biodegradation 
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Figure 17: Displacements at interfaces for different values of rate of biodegradation 

 

5 CONCLUSIONS 

In this study, an attempt has been made to address the 
role of behavior of MSW on the stress-deformation 
responses of landfill slopes and various interfaces in the 
composite liner landfill system. The constitutive model 
for MSW which incorporates mechanical compression, 
creep, and biodegradation-induced compression is 
implemented in FLAC using FISH function. The 
understanding of constitutive law and stress-strain 
relationships helped in carefully accessing various 
parameters in landfilling operations. Based on the results 
obtained, the following conclusions can be drawn: 

1) An important conclusion from the study is that as time 
increases, the stability of MSW slope increases. 

2) The effect of different mechanisms governing the 
behaviour of MSW is studied and it is found that the 
amalgamation of different mechanisms tend to increase 
the factor of safety with time. 

3) Volume changes in the slope with time were also 
studied. It is found that at the end of 1 year the change in 
volume is about 44% and at the end of 10 years it is 
about 60%.  

4) In case of lined landfill slopes, it is found that in 
addition to stress levels and stiffness of MSW, 
compressibility and degradability characteristics which 
are represented by mechanical compression, creep and 
biodegradation mechanisms affect the responses of 
interfaces in the lined landfill system. 

5) The effect of time and time-dependent mechanisms on 
the interface responses and performance of lined landfills 
is to increase the overall stability of landfill. 

6) The results also indicate that steeper slope have high 
chances of failure as the magnitudes of displacements 
and shear stresses at the interfaces were high compared 
to the flatter slopes. It is also observed that smaller lift 
thicknesses induce lesser stresses and displacements at 
the interfaces and ensures higher stability of landfill 
system. 
 
7) The compressibility of MSW plays an important role 
in the time-compression behavior and interface responses. 
MSW with low compressibility induces less waste 
settlements, stresses and deformations at the interfaces. 
 
8)  The degradability of MSW also influences the 
interface responses. MSW which has high degradable 
characteristics induces higher stresses and displacements 
at the interfaces compared to the MSW with low 
degradability. 
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