40 FOOVMHA TPABEBUHCKOI ®AKYNTETA CYBOTULIA

MeRhyHapoaHa KoHdepeHUmMja
CaBpemeHa gocturiHyha y rpafjeBuHapctBy 24.-25. anpun 2014. Cy6otuua, CPBUJA

SLOPE STABILITY ANALYSIS

Bozana Ba¢i¢'
Mato Uljarevié® UDK: 624.131.38:624.131.537
DOI: 10.14415/konferencijaGFS2014.051
Summary: Both, natural and slopes induced by human activity, created for different
purposes, area permanent geotechnical problem. An important aspect in
understandingthe complexity of mechanical behavior of the soil is the knowledge of all
factors that cause slipping. In respect to this, more detailed laboratory and field research
is needed. This will provide input to the calculation models in terms of physical and
mechanical properties of the soil, as well as load on the ground and in the slope as a
function of time. Only high quality research work can be a good basis for the analysis of
natural and man-made slopes. Based on such analysis, it is possible to make an optimal
technical solutions with respect to an acceptable risk level. Research in this area give an
opportunity to review and improve the existing knowledge. This work provides insight
into the general solution of moving sliding surfaces under the influence of the load. In
doing so, general example of landslides is presented, taking into account the following: -
soil parameters (soil cohesion, internal friction angle of the soil, the safety factor, the
power functional relationship for the soil,) -load (groundwater, soil net weight, ongoing
load on the surface, concentrated horizontal and vertical loads, seismic loads,). The main
objective of this study is to present the problems of slope stability. In this regard, special
emphasis is given to the sensitivity of the calculation model input parameters (soil, load),
which should contribute to raising awareness about this issue, as a prerequisite to make
the right decisions and optimal technical solutions in this area.
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1. INTRODUCTION

Experience and observations suggest that the instability of slopes in most cases shows as
sliding mass of soil, the sliding body, in a straight or curved sliding surface. Because of
the stresses in the top and negligible soil strength, especially in the case of fine-grained
soil, an opening crack occures, which due to the direction of motion, may be revealed as
a scarp on the surface. The apperance of such crack is a clear sign of instability of the
slope at an early stage of its occurence. Crack suggests that it may continue into the new
sliding surface. The area of the sliding body and the environment around it, is called a
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landslide. Slip of the slope can occur rapidly with the advent of large displacements
which is achieved in a short period of time, after which the sliding mass stays in the new
equilibrium position. But, sliding can be a longtime and complex process, which
sometimes influences changes in geometry of the landslide.

2. STABILITY ANALYSIS

Designing of buildings onto the stable slopes, similar to the design of any other building
is implemented iteratively and progressively. The basic features of the structure are
assumed, including the slope. And then critical estimating situations through which the
construction of the building needs to pass, are being evaluated .

During calculation of geotechnical structures, according to Eurocode 7, "proof by
method of partial coefficients " is being used. The method includes:

- design models ,

- effects, that can be given as loads or specific displacements ,

- properties of soil, rocks or other materials,

- geometrical data,

- deformation limit values ,

- crack width ,

- deformation ...

According to the regulations , the calculation model should describe the behavior of the
soil for a given limit state and include a method of analysis which is usually based on the
analytical model, and if needed, modification of the analysis results to ensure that the
model results are accurate and on the side of safety .

The geotechnical analysis takes into account the effect of :

- weight of soil, rocks and water,

- current stresses in the soil,

- pressures of groundwater,

- constant load, and loads coming from structures in the region,

- displacements caused by earthquakes, dynamic loading,

- the effects of hydrostatic forces ...

The calculation is carried out with the partial safety factors. In the case of an abnormally
high risk stricter values must be taken into account. For emergencies all numerical
values of partial factors should be equal to 1.00.

3. METHODOLY OF SOLVING THE SLOPE STABILITY

Solving the slope stability, for a long time represented a hardly solvable problem
because of the undevelopment of science and technology. However, today there are
various calculation methods that are supported by programming software (GEOS,
SLOPE/W). The methods can be divided into those which assume circular surface
rupture (Bishop, Fellenius) and those which assume irregular surface rupture (Yanbu,
Bjerrum).
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Most of the fractures in the soil occure according to the model that describes fracture of
continuum as shown in the Figure 1. Most of the sliping in the rock mass is a result of
unfavorable orientation of discontinuities, where the fracture surface, in this case,
follows the discontinuities. The stability of slopes that are not in the state of limit
equilibrium is expressed using the safety factor Fs. Depending on the defined, the safety
factor is defined as the ratio of resisting forces and disruptive forces.

Figure 1. The instability of the soil mass that acts as an equivalent continuum

For computer programming and solving the general problem of slope stability, as well as
for defining the fracture mechanisms, the most appropriate method of calculation is
hypothetical division of the sliding body into slices. Allocated slice from sliding body
with forces acting on it, is shown in Figure 2.
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Figure 2. Force acting on an allocated slice

Forces acting on an allocated slice are:
e N'- normal effective forces in basis of each slice

e T - shearing forces in basis of each slice
e 1 - the positions of normal components of interslice forces
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e E - the sizes of normal components of interslice forces
o X- the sizes of shearing components of interslice forces
e ¢ - eccentricity of normal forces in basis of each slice

The safety factor, assuming a linear relationship between shearing stress and effective
normal stress (Coulomb's law), is expressed by :

N'tang + c'l
Fpb=—7T—
T
The safety factor greater than 1.00 indicates that the block is stable.

4. THE CHOICE OF SLOPE STABILITY CALCULATION METHOD

In practice, slopes usually occur in inhomogeneous and anisotropic material which
results in the appearance of the sliding surfaces of arbitrary shape. All methods for
determining the safety factor of slopes can be divided into exact and approximate. Exact
methods are those that satisfy all conditions of equilibrium by introducing various
assumptions without neglecting individual components of external and internal forces.
Approximate methods are those that either ignore certain forces or ignore some
equilibrium conditions .

The first one in a series of analytical methods that takes into account interslice forces,
was presented by Bishop in 1954. on the Conference of Stability of Earth Materials in
Oslo. This method is named after him, Bishop’s method. Bishop’s method assumes
circular surface rupture. It represents the slice method, and so it is possible to analyze the
stability of inhomogeneous slopes containing materials of different shearing strengths.
Bishop 's method is graphically presented in Figure 3.
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Figure 3. Bishop’s method
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The safety factor, according to Bishop’s method can be calculated as:

= x ( " ik ) S 2ECa ]
Fs = Sovana | [0 + tand (W —ub)) e ()

5. SOIL PARAMETERS

Cohesion (c) is the result of bonds between the particles. It has great importance is the
cohesive soil, especially clay, while is negligible in cohesionless soil (sand, gravel ...).
The angle of internal friction () is the result of friction between the soil particles. It is
higher in the sand than in clay. Shear stress state in any soil will cause the fracture of
soil. Shear strength of the soil is the shearing stress that can be applied on the structure
of soil in a particular direction. It directly depends on the cohesion and angle of internal
friction of the soil. It is defined by the empirical expression which represents the Mohr -
Coulomb 's law of breaking:

1y =c + o, tand’ (2)

As already stated, the problem of slope stability is defined by determining the
relationship between the available shear strength and mobilized shear strength, which is
needed in order to maintain the sliding body in balance. Safety factor is a number that is
necessary to reduce the effective shear strength in order to achieve the state of limit
equilibrium of the fracture surfaces.

F.t::_ (3)

The engineering methods of limit equilibrium imply that the safety factor, Fs, is a
constant value along the sliding surface. Similar to the safety factor, the values of
cohesion and angle of internal friction are defined. The stability analysis’s task is to find
the sliding surface, which gives the minimum value of the safety factor.

6. CONCLUSION

This paper presents a methodology of slope stability analysis and provides an insight
into the basics of landslides and their general terms. Natural processes are constantly
affected by change in the relationship of shearing stress and resistance, and the natural
conditions often lead to the destabilization of slopes. Intensive construction of
increasingly demanding buildings, as well as other actions, become an important factor
in causing adverse conditions which may also result in the destabilization process of the
field. In both cases, the consequences can be very harmful. In order to prevent their
occurrence, the rules to avoid activities that could lead to a reduction of the degree of
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stability of inclined surfaces should be followed. Larger unloading or loading of sloping
surfaces should be performed only by qualitative identification of required geotechnical
parameters and derived geostatic analysis. According to this, technical solutions can be
chosen. These solutions should be designed as interventions in the soil in order to
achieve the condition that won’t lead to a destabilization of the field. In order to ensure
desired, it is necessary that in addition to the previously mentioned, we follow the
construction of building using measuring instruments, and beyond the projected
measures further intervene when necessary.
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AHAJIM3A CTABUJIHOCTHU KOCHUHA

Pesume: [lokpemarve KaKo npupoOHUX, MAKO U KOCUHA HAMAAUX HACUNAIbEM 3d PA3He
HamjeHe, npeoCmasba CMalan eeomexHuuky npobrem. buman acnekm y pasymujesarvy
CHLOJHCEHOCMU MEXAHUYKO2 NOHAWAIA MIA NPedCmas/ba NOIHABAIbE Y30PKA Kau3armd. Y
mMom noeiedy, HeONX0OHA €y 0emabHUja 1aOOPATNOPUJCKA U TNEPEHCKA UCMPAdICUBATLA,
Koja he obesbujedumu ynazHe nooamie 3d HPOPaAyHCKe Mooene no NUmarsy Qu3uuKo-
Mexanuykux ocobuna maa. Ha ocnogy amanuze npupoOHUX u 6jelumaikux KOCUHA, Mo2y
ce OOHOCUMU ONMUMATHA MEXHUYKA pjeuserva ¢ 003UpoM HA NPUXEamsbusu CmeneH
puszura. Paoom je npukazan onwmu npumjep xiusarba mia yumajyhiu y o63up ocHosHe
napamempe maa u paswe epcme onmepehera. OCHOBHU YUb UCMPAdICUBATLA jecme
npukas npobremamuxe cmadurHocmu Kocuka. Y mom noeredy dam je nocebau
Haznacax ocjemmusocmu HpopavyyHcKoe Modenda Ha Yiasnwe napamempe, uimo Ou
mpebano Oonpunujemu nogehary ceujecmu 0 080j npobiemamuyu, Kao Hpeoyciosy
OOHOULEFA NPABUHUX 00TVKA U ONMUMATHUX MEXHUUKUX pjeuierba y 080j obaacmu.

Kwyune pujeuu: Hempasicusarwe, kocune, onmepeherve, napamempu mia
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