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ABSTRACT: It is well known that low strength natural materials under foundations and in slopes can cause
bearing capacity and slope failures. With the increased use of manufactured materials such as HDPE liners
and geotextiles, similar conditions can inadvertently be built into the structure. These interface shear aspects
occur between liner and geotextile, liner and soil, geotextile and soil and even within the confines of the geo-
textile. Injudicious use of low interface shear materials can lead to excessive deformation and even cata-
strophic failure. The many potential interface shear planes that can exist in geotechnical structures are con-
sidered with reference to 20 years of published research and actual recent shear box tests carried out for
validation purposes for lined structures. The paper further considers a simplistic calculation method using
block limit equilibrium and finite element simulations to understand the problems that exist in these struc-

tures. The concept of ‘excess shear’ which leads to overstressing of liners is also discussed.

1 INTRODUCTION

Recent failures of geotechnical structures have again
highlighted the requirement of engineers to funda-
mentally understand the materials that they are
working with. Unlike other spheres of engineering
where material properties are known to a large ex-
tent within a defined band (concrete, steel, alumi-
num), geotechnical materials are variable and sub-
ject, amongst other issues, to changed conditions due
to pore pressures and seismic excitation.  In one
such case (Independent Expert, 2015), an apparently
stable structure subject to pore pressures and suscep-
tible low strength foundation clay strata, lead to fail-
ure. The lessons learnt were that the geotechnical in-
vestigation failed to adequately identify the
properties of the clay in the foundation and the de-
sign engineers failed to appreciate the significance
of the location and strength of the material within
their structure. Another case recently of a tailings
dam failure in Brazil, lends weight to the issue of
fundamental engineering appreciation for such struc-
tures.

Here is Southern Africa there have been numer-
ous examples of slope and bearing capacity failures
that show the same lack of appreciation of engineer-
ing principles that are evident in other incidents. In
particular, the existence of weak subgrade materials,
weak or gouge filled joints in otherwise strong rock
and layered materials in stockpiles and tailings dams
are examples of these issues. Even so, more and

more, engineers are using ‘new age’ materials in de-

signs for practical and economic reasons, without

possibly comprehending the associated risks.

HDPE, LLDPE, PVC, geosynthetics and geotextiles

in general, in combination with soils in structures,

represents an instance of such risks unless judicious
appreciation of their interaction is clearly under-
stood.

The objective of this paper is mainly educational
in terms of two themes:

e By presenting the interface friction properties of
commonly used manufactured liners with soil and
other geosynthetics in order to highlight the rela-
tive strength (rather weaknesses) inherent in these
interfaces. This has been achieved by interrogat-
ing literature and own results from direct and ring
shear testing done on such interfaces. Comments
and cautions are provided to guide the design en-
gineer in new applications; and

e By presenting an approach to conceptualizing the
mechanics of a slope stability design problem that
includes interfaces in a coherent, practically and
understandable way by using a first principles ap-
proach. By so doing the physical importance of
the design parameters can be visualized and ap-
preciated. The method uses a limit equilibrium,
or static equlibrium, approach by balancing forces
in a slope, with the objective of understanding
how the energy in structure is sustained by the
parent material itself, by the interface and how
liner tension is developed as a consequence.



The overarching objective is to foster an apprecia-
tion for the importance of clearly ‘defining the prob-
lem’ in fundamental terms before attempting a solu-
tion. Clear understanding of the problem from the
outset is a prerequisite for a solution.

2 PROBLEM DEFINITION

Figure 1 has been drawn to indicate 5 (of many)
possible low strength planes within a slope (natural
or manufactured). 1 represents a foundation plane of
weak material; 2 represents a weak interface at
ground level, possibly as a result of the insitu
strength of the material, or from a manufactured in-
terface such as a geomembrane; 3a and b represent
inclined planes of viable angle, either from natural
jointing (in a rock slope), deposition of variable low
strength materials in a tailing dams or a manufac-
tured interface surface in a constructed embankment;
4 represents similar horizontal natural or manufac-
tured interfaces; 5 represents a common circular
failure; and 6 represents a piecewise linear failure
plane resulting from failure along the base interface
and inclined through the body of the material.

Figure 1: Potential failure planes in a slope

In this paper, we will be concerned mainly with
interfaces 2 (a manufactured interface nominally
along the base of a dam or embankment) and 6 the
resulting failure plane along the base and through
the parent material, but other combinations of inter-
face layers and failure planes are also addressed in-
trinsically but not specifically in the discussion that
follows.

From a design perspective, there are a number of
issues that need to be addressed. These include the
following:

1. The interface shear strength along the poten-

tial failure plane;

2. The development of deformation and strain

along the failure plane; and

3. The consequent development of tension in the

geomembrane.

These aspects have to be fundamentally under-
stood for any design. Interface shear strength prop-
erties are sourced from soils laboratory testing and
from experience with the use of these materials.
Section 3 considers these properties for a range of

geomembranes and textiles with interfaces to soils
(granular and clay) and to other geomembranes.
Section 4 considers fundamental concepts, while the
approach covered in Sections 5 and 6 assists in de-
fining the fundamental analysis aspects in a simple
but effective limit equilibrium treatment.

3 INTERFACE SHEAR PROPERTIES

A potential weak zone (either natural or manufac-
tured) consists of 2 or more interfaces that need to
be assessment individually and collectively, since
the interface with the minimum shear strength will
dominate the overall behavior. In addition, a weak
zone can be due to the nature of the material itself,
for example a clay layer, or the bentonite clay in
some GCL products that are not thermally locked
within the geotextile carrier layers. The most com-
mon situations with manufactured materials occur
on the upper and lower surfaces of the interface that
is created between the geosynthetic, the soil and/or
other geosynthetics.

The information that is given here is derived from
literature and from physical testing on the interface
properties carried out by the authors’ colleagues dur-
ing the course of projects. However, it should be
noted that this information is purely indicative for
use in preliminary design only. Once the interface
materials have been chosen, then careful and thor-
ough physical testing of the sandwich of materials to
be used in the design is essential, since variations in
actual behavior can be expected.

Only interfaces from commonly used material are
reported. The current data base available to the au-
thors includes 143 tests direct and ring shear tests on
various interfaces. With time, this data will be aug-
mented to include additional information from other
physical testing sources.

Although subgrouping is difficult since (particu-
larly for soil) the descriptions are not always clear,
an attempt has been made to assess the data base in
terms of the following materials:

e HDPE-S and HDPE-T: HDPE geomembranes

(Smooth and Textured)

e LLDPE-S and HDPE-T: LLDPE geomembrane

(Smooth and Textured)
interfaced with:

Granular Soil (USCS classification S and M)
Cohesive Soil (USCS classification C)

Geotextile (Needle punched)

GCL (thermally welded needle punched).

It should be noted that geotextiles are produced in
various grades and types including needle punched
and woven fabrics. Only needle punch geotextile of
any grade is reported here. Similarly, GCLs are
produced in various grades and types. Only thermal-
ly welded needle punched GCLs are reported here.
It should also be noted that some GCLs are not



thermally welded (meaning that the upper and lower
geotextile carrier layers are not physically connected
by needle punching strands through the clay (usually
bentonite) and welding them in place. Thermal
welding creates an internally stable ‘lattice’ structure
within the GCL layer, otherwise internal interfaces
exist that themselves can have very low frictional
properties, sometimes as low as 1° for bentonite it-
self.

Tables 1 and 2 give the statistical representation
from the database in terms of mean, (standard devia-
tion) and [number] of tests available for peak and re-
sidual friction angles for various interfaces under
saturated conditions.

Table 1. Interface Peak Friction Angle Properties

Interface Soils Geosynthetics
Granular Cohesive Geotextile GCL

HDPE-S 21.26 10.64 11.33 8
(8.03) (6.75) (3.51) O]
[5] [5] [3] [1]

HDPE-T 30.51 20.65 25.14 24.2
(6.52) (6.75) (4.87) (13.0)
[18] [27] (8] [2]

LLDPE-S 26.63 8.53 10 -
(0.99) (2.55) () ()
[4] [3] [1] [-]

LLDPE-T 35.89 33.53 26 -
(5.04)

(12.92) () (-)
[7] [9] [1] []

Table 2. Interface Residual Friction Angle Proper-
ties

Interface Soils Geosynthetics
Granular Cohesive Geotextile GCL
HDPE-S 15.05 10.49 10.5
(5.05) (5.57) (2.12) O]
[4] [4] [2] [-]
HDPE-T 26.42 19.47 17.08 10.1
(6.85) (11.56) (1.61) )
[16] [24] [4] [1]
LLDPE-S 21.7 9.07 9 -
(6.29) (2.70) () ()
[4] [3] [1] [-]
LLDPE-T 26.10 28.08 17
(5.50)

a0 0
UG m

The implications of Tables 1 and 2, are inter alia
noted below. Textured geomembrane improves the
interface shear by at least 10° in all cases. The varia-
bility of the results given by the standard deviation
in () shows that the mean value used in analyses
cannot be directly justified and that a more realistic
design value is the mean less 1.2 to 1.5 times the
standard deviation. LLDPE appears to give more
consistent results than HDPE. This is probably due
to the lower density and softer modulus of the

LLDPE which allows more mechanical frictional in-
teraction between the soil (whether granular or finer
grained) and the geomembrane. The peak and resid-
ual values are also interesting showing that the re-
sidual friction angle is some 2 to 5 degrees less than
the peak in general for HDPE material. It is howev-
er larger (10 degrees) for the LLDPE textured mate-
rial. Whilst an explanation is not immediately obvi-
ous, this could be due to the collapse of the textures
under strain because of the softer modulus of the
material.

Compare the friction angles from Tables 1 and 2
with of USCS graded materials for gravels (G) (¢ =
3310 40°), Sand (S) (¢ = 31 to 38°), Silt (M) (¢ =30
to 33°) and Clay (C) (¢ = 22 to 30°). It is apparent
that interfaces are significantly inferior to clay in
most cases.

The information indicates that extreme caution
must be taken by the designers to fundamentally as-
sess the interface effects on the structure. It is also
indicative that the structure must be maintained well
within the limits of the peak shear stress and strain
parameters and ‘elastic’ range, since once the peak is
reached, the residual nature of the interfaces will not
sustain the loading. Alternatively put, interfaces of
the type considered here exhibit significant strain
softening behavior and can never be considered to
be elastic perfectly plastic as would be the default in
some numerical models.

4 FUNDAMENTAL STRESS CONCEPTS

Conceptually speaking, due to gravity, every struc-
ture is represented by a potential energy state that is
counteracted internally by the strength (or strain en-
ergy) capacity of the system. Alternatively put,
strain energy is induced in a structure by virtue of its
size and shape which is sustained by the strength of
the multiple ‘elements’ that make up the whole, pro-
vided that the fundamental principle of capacity (C)
always being greater than demand (D) is never vio-
lated. If one element in the system (of many ele-
ments) is unable to sustain the demand placed on it,
then, like a weak link in a chain, failure will occur.
This sounds obvious, but it is still surprising how of-
ten this principle is forgotten.

Fortunately most structures exist in a state of re-
dundancy, meaning that no one element alone is re-
sponsible for accepting and sustaining the full de-
mand on it. Demand is ‘shared’ (in a complex way)
between many elements in the structure. Should one
element not be able to accept the full demand placed
on it, then it will ‘shed’ the excess demand to other
elements in the structure. The other elements can
therefore ‘accept’ an increase in stress/strain within
their own capacity, or ‘shed’ the excess demand to
the next element in line. This is the phenomenon of
system  shakedown, or stress/strain  relaxa-



tion/redistribution and is accompanied by plastic
strain deformation.

4.1 Model representation

In the design of geotechnical structures, the devel-
opment and positioning of a failure plane is an es-
sential requirement in conceptualizing the failure
mechanisms within the structure.

Modeling using finite element, finite difference or
discrete element software programs are favoured by
‘new age’ engineers. But these methods are just
‘black boxes’ to some and injudicious use can lead
to serious flaws in the design and must be used with
caution. Yet they are essential to develop an appre-
ciation for deformation and stress trajectories in the
detailed design phase.

Limit equilibrium (LE) methods, while not capa-
ble of providing detailed stress, strain and defor-
mation output, fundamentally concentrate on block
stability by ensuring that the forces are in equilibri-
um subject to the simplistic assessment of shear
stress capacity usually modelled in terms of the
Mohr-Coulomb failure criterion. LE is nothing else
than the balance between demand, represented by
mass and gravity, and capacity, represented by shear
stress/force ‘available’ on a defined failure plane by
virtue of its shear stress capacity integrated along the
defined failure plane.

LE should not however be underestimated as a
tool to fundamentally understand the nature and
mechanisms of failure that prevail in a structure.
The method requires that a failure mechanism or
block model be defined inductively whereupon the
full suite of applicable forces are assembled to rep-
resent the state of force equilibrium on the block.
This is instructive in two aspects: i) it forces the user
into inductive (as opposed to deductive) reasoning
but asking the question “what could be the mecha-
nism of failure” and ii) it requires the calculation of
basic first principles forces and counter forces. The
benefit of this thinking will be demonstrated in the
section of Translational analysis below.

4.2 The ‘Excess Shear’ Concept

‘Excess shear’ is not a physically reality, but a nu-
merical construct/concept that greatly enhances the
understanding of the mechanics of a problem partic-
ularly when the problem involves plastic strain and
the redistribution of stress in the structure. The state
of stress cannot physically exist outside of the fail-
ure surface (Mohr Coulomb for example) and in re-
ality, as the failure surface is approached (from be-
low), stress and strain redistribution occurs which
ensures that the stress state is maintained at least at
the failure surface. In numerical analysis, however,
the stress state at every point is first calculated and
then checked against the failure state. If it is found
to be within (below) the failure surface, then calcula-
tion proceeds. If a stress point is outside (above) the

failure surface, then the ‘excess shear’, that measure

that is above the failure surface, is redistributed to

other points in the vicinity so that the overall stress
state is maintained at least at the failure surface.

To investigate this concept further, consider a
structure built from homogeneous material which is
in equilibrium under all applied loads and stresses.
Introduce an inclined plane into the structure which
has the same capacity as the parent material. The
equilibrium condition is not altered and the structure
is stable. Now, progressively decrease the strength
capacity of the plane until failure is reached — failure
plane. The difference between the equilibrium and
failed state is defined here as the “excess shear” in
the system. “Excess shear” in the system contributes
to the lack of ‘factor of safety’, but if the capacity is
not available and redistribution to maintain equilib-
rium is not possible, then numerical (and physical)
failure is precipitated (Howell, 1992)

There are a number of options that the designer
can choose to deal with the problem:
¢ Include reinforcement in the system to contribute

to reducing the excess shear;

e Reduce the overall potential energy/strain energy
in the system by changing the geometry (shallow-
er angles, reduced height, for example)

In the former case, added reinforcement in the
modern geotechnical context includes the addition of
geomembranes and geogrids that provide a tension
component to improve shear strength (effective co-
hesion) and to ‘consume’ the excess shear. This is
an important aspect since the tension that is generat-
ed must be sustainable by the geomembrane, re-
membering that the strain deformation of geomem-
branes at maximum stress is of the order of 100%,
far above the strain development in the structure.
Therefore, strain compatibility and strain limitation
is necessary in the design, which in turn means lim-
iting the stress in the element. This potentially is a
complex design procedure and is not easily concep-
tualized or understood in modelling (with FE/FD),
but must be considered in order to adequately ac-
count for the ultimate and serviceability limit states.
LE formulations can assist greatly with visualization
of this issue as will be considered in the next section.

4.3 Homogeneous materials

To demonstrate the excess shear concept further,
consider the states of stress in a structure (Figure 2).
The M-C failure criterion is represented by the line t
= Cm + ontan(em) where 7 is the shear stress, on IS the
normal stress and ¢m is the friction angle for the ma-
terial (denoted by the subscript m). Note that any
other relevant failure criterion other than M-C could
be used as it does not change the fundamental con-
cepts.



Figure 2: State of stress and M-C failure criterion

It is immediately obvious that the state of stress
can either be inside the failure envelope (point 1) or
outside (point 2). The stress state at point 2 is phys-
ically impossible as it lies outside of the failure en-
velope. But conceptually the vertical distance that
the stress point is outside the failure envelope, is an
indication of the state of ‘excess shear’ that exists
and that needs to be accounted for, either by redis-
tribution or by accommodation by other means, such
as tension in the liner.

Integration of the effects over the continuum de-
fines a failure zone that describes the failure surface
in the structure and typically shown in Figure 3.

—- zone of all
F points 1

zone of excess shear stress
(contours)-all points 2

Figure 3: Failure zone in a continuum

4.4 Constructed interface

Install/construct into the continuum an inclusion
that has strength parameters (oi, Ci) as represented in
Figure 4 as an additional sub-horizontal potential
failure surface.

Figure 4: Zoned constructed continuum.

Clearly, whereas the stress state of the homogene-
ous slope was in equilibrium, the new constructed
structure may have stress states that violate the fail-
ure conditions along the inclusion that lead to excess
shear. The net effect of this is that shear defor-

mation (or block deformation in Figure 4) will occur

sympathetic with the excess shear component that

exists in the system.

There are 4 identifiable zones in the block model
(Figure 6b):

e Zone 1 represents an area where excess shear
stress is manifest along the inclusion, leading to
deformation and potential failure;

e Zone 2: due to strain deformation, the stress con-
ditions in this zone are altered sufficiently for
them to exceed the failure condition in the parent
material, leading to the formation of a failure
plane;

e Zone 3: similar to Zone 2, but the shear stress de-
velopment is sympathetic with the mass move-
ment along the inclusion;

e Zone 4 represents the area behind the failure
plane where the stresses do not violate either that
of the parent material (¢m, cm) or the inclusion
(oi, ci).

The effect of the zonal nature of the stress field
subdivides the continuum into failure blocks in a
piecewise linear fashion, where the excess shear
stress is translated into extension strain (or tension)
at the bifurcation point (A). This clearly demon-
strates the dilemma of geometry that the engineer
faces in this design conceptualization. Numerical
analysis can easily be used to calculate the stresses
and forces that develop in the structure and thereby
define the block geometry, but the fundamental be-
havior that the engineer needs to anticipate is best
demonstrated by a limit equilibrium approach using
a hand or spreadsheet calculated translation analysis.

5 LIMIT EQUILIBRIUM: TRANSLATIONAL
ANALYSIS

Qian et al (2002) defined a calculation procedure for
translational failures using a piecewise linear limit
equilibrium approach in landfill sites. This method
has been adapted here to analyze block failures and
the commensurate increase in liner tension in con-
structed structures. The translational (or two wedge)
failure analysis was originally used to calculate the
factor of safety against possible mass movement
along a liner, but in this application, the objective is
to reformulate the method to calculate tension in the
liner directly. This method can, however, just as
easily be used to analyze any generic slope stability
problem including (and very specifically) low
strength interface problems once the failure mecha-
nism of the slope has been defined. For this pur-
pose, the slope is divided into sectors/regions as
shown in Figure 5 with reference to the zones de-
fined in section 4.4 above.



liner/weak material
1 Passive wedge
2  Active wedge
3 ' Stationary wedge
Figure 5: Block zones in a structure

In Figure 5, Sector 1 is called the passive wedge
since it is acting to resist deformation, Sector 2 is the
active wedge since it is subject to gravitational ener-
gy/movement in a lateral direction; and Sector 3 is
the stationary wedge held in place by virtue of its lo-
cation and force equilibrium.

Translational movement takes place when the ac-
tive wedge (2) under gravity fails on the incipient
planes bc and bd and drives the passive wedge later-
ally along ab. Along these planes, excess shear
stress has been developed resulting in deformation
which is counteracted by:

e Frictional strength on plane ab
e Internal friction on planes bc and bd
e Tension in the liner at b

Conceptually, the passive wedge is akin to the
commonly observed heaving portion of the toe of a
slope, the active wedge is the slump that takes place
and points ¢ and d are the observable manifestation
of shear strain deformation that occur between the
wedges on surface. Physically, planes bc and bd are
zones of high shear strain/stress where failure takes
place. While it can be shown numerically (FE) that
the plane bd is inclined as shown in Figure 5, the LE
mathematics (below) becomes too complicated for
hand or spreadsheet calculation and hence bd is con-
sidered to be vertical for this purpose. Line bd is the
interface along which equilibrium between the ac-
tive and passive blocks is calculated. Taking the
plane as vertical introduces some minor error, but
the principles are still valid and instructive. The re-
sulting model is shown in Figure 6

(1) Passive wedge
(2) Active wedge
(3) Stationary wedge

Figure 6: Components of force on Active and Pas-
sive Wedges.

Active wedge

With the objective of calculating the minimum T
(tension in the liner) to maintain equilibrium, the
static force equilibrium equations £Fy = 0 and XFx =
0 can be derived in terms of the following parame-
ters:

Passive Wedge:

W, = weight of the passive wedge

Np = normal force acting on the bottom of the

passive wedge

Fo = limiting frictional force acting on the bot-

tom of the passive wedge (subject to MC
limit for the interface)

Enp = normal force from active wedge acting on
the passive wedge
Eve = frictional force from active wedge on the

side of the passive wedge

®p = interface friction angle under the passive
wedge

@ = friction angle of the parent material

a = outer angle of the parent material slope

0 = angle of the liner/subgrade to horizontal

Active Wedge:

Wa = weight of the active wedge

Na = normal force acting on the bottom of the
active wedge
Fa= limiting frictional force acting on the bot-

tom of the active wedge (subject to MC
limit for parent material)

Ena = normal force from passive wedge acting on
the active wedge

Eva = frictional force from passive wedge on the
side of the active wedge

®a = interface friction angle under the active
wedge



B = base angle of the active wedge to the horizon-

tal

General:

Wt = total weight of the active and passive
wedges

T = Tension in the liner

Considering the force equilibrium of the passive
wedge for XFy = 0:

Wp + Eyp = N, cos 8 + Fp sin 6 1)
Fp = Nptan@p + T sin 6 (2
Eyp = Eyptan @y 3)
When ZFx = 0:

Fpcos@ + T cos@ = Eyp + Npsinf 4

Considering the force equilibrium of the active
wedge for ZFy = O:

WA :FA Sinﬁ‘l‘NA COSB-I_EVA (5)
FA = NA tan Q)A (6)
Eyy = Eyptan @y (7)
When 2Fx = 0:

FycosB + Eyy = Nysinf (8)

Equation (1) to (8) together with the equality Enp
= Ena produces a complex expression for T in terms
of the known parameters above. The expression,
however, for T is best solved using a spreadsheet.
This allows the parameters to be tested and a coher-
ent design achieved from the treatment. The funda-
mental treatment from very basic principles (in this
case, static equilibrium) is very powerful in gaining
an in-depth understanding of the engineering pro-
cesses that are involved.

Cohesion and the size of a toe berm to provide
additional passive pressure and so render the liner
tension to zero can also be simply include by adding
a stabilizing term to equation 4.

The tension in the liner is due to the inability of
the interfaces to sustain the excess shear stress (or
force) that the system, driven by gravity, imposes on
it. The interaction between shear capacity along the
failure planes and interfaces and the resultant need
for reinforcement (in this example, the liner
strength) is clearly demonstrated in this treatment.

The corollary is that other more esoteric design
calculations can be carried out quickly and efficient-
ly using the spreadsheet. These include, but are not
limited to, the assessment of the height of the struc-
ture at the material’s normal angle of repose (cas-
caded stockpile) subject to zero tension in the liner;
the stacking angle for a given height for zero ten-
sion; the height and/or stacking angle for a prede-
fined tension in the liner commensurate with an

specified target strain, the relationship of the
base/subgrade angle to liner tension; or the calcula-
tion of the required tensile reinforcement (geogrid)
required for a given set of parameters.

One question that remains is the inclination of the
base angle (failure plane, bc) under the active wedge
(denoted by P) that gives rise the minimum release
energy within the system. Intuitively, using Rankine
theort, the angle should be in the range of 45+@m/2.
To test this intuition, a simple finite element analysis
has been performed as shown in the following sec-
tion.

6 FINITE ELEMENT ASSESSMENT

Figure 7 shows the results of a finite element analy-
sis using Phase?.

Figure 7: Maximum shear strains for stockpile

The figure shows the zones of maximum shear
strain (light coloured diagonal zones) that demarcate
the development of failure planes within the stock-
pile parent material. The mass is shown divided in-
to the passive wedge (Sector 1: lower left), the ac-
tive wedge (Sector 2: upper material) and the
stationary wedge (Sector 3: bottom centre). This ex-
ample is slightly more complicated than the two
wedge LE translational analysis given in Section 5
since the wedges form to the left and right in sym-
metrical format, but with a little imagination the ap-
plicability of the 2 wedge analogy is clearly evident.

The stockpile material friction angle is 37° and
that of the interface is 10° in this example. In this
case, again with reference to the annotations in Fig-
ure 6, the diagonal line bd (line of equilibrium) is in-
clined at 68° while the base of the active wedge
above the stationary wedge is inclined at 47° to the
horizontal. From a translational analysis calculation
perspective then a good initial approximation for the
base angle would be 50° or 45+ i/2.

7 CONCLUSIONS

The objective of this paper has been to highlight the
intrinsic weakness properties of natural and manu-
factured interfaces and to develop a fundamental un-



derstanding of the nature of the physical mecha-
nisms playing out within a structure supported on
such interfaces. In particular, an understanding of
the development of tension is a liner is shown by the
judicious use of a simple limit equilibrium approach
that provides a versatile method for calculation not
only liner tension but also other aspects that are re-
quired in a design.

The lessons learnt from this treatise are the fol-
lowing:

e Fundamental understanding of the behavior of the
interface materials are required to produce a com-
petent design.

e Physical shear testing of the actual samples of the
liner system including the soils should be carried
out.

e Develop a conceptual model that interprets the es-
sence of the problem physically, that is ‘define
the problem’ both fundamentally and numerical-
ly.

e Develop a hand/spreadsheet calculation model
that describes the mechanics of the problem and
test the design variables accordingly.

e Only once the physical mechanics of the design
are fundamentally understood, then resort to more
sophisticated numerical modeling.

Moreover, it is vital that a coherent design strate-
gy or philosophy is developed for any problem to be
solved. This naturally develops from a fundamental
familiarity with the mechanics thereof.
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