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ABSTRACT: There ore simple analytical solutions for stability analysis of tronslation slides v,ith

failures along essentially plonar surfaces via limit equilibrium methods. The solutions for special cases

with flow either horizontal or parallel to the surface are usually given for the conlditioqts of steady

seepage flow. The general solutions for the stress and analysis of gravitational stability of slopes with
infinite and finite height are presented in the paper, with reference to the hydraulic stability, for an

arbitrary direction of filtration in statical and seismical (quasi-statical) conditions. The solutions
(analytical and chart diagrams) are givenfor the infinite slopefor the special cases in homogenous and
wo-layer soil, which is expected at eorthfill dams. The geometrical conditions for limit equilibrium of
the soil with given charocteristics are presentedfor slope withfinite height.

ZUSAI,IA4EIVFASSLING; Filr die Standsicherheits;analyse vom Boschungen mit TranslalionsgleitJugen
bestehen die einfache onalytische Losungen, die mittels Methode des Grenzgleichgewicht zu erreichen
sind. In der Literatur sind ilblicherweise die Losungen ftir Spezialfalle mit stationcirer Stromung in
vertikalen und horizontalen Richtung, oder parallel mit der Bdschungsneigung gegeben. In dieser

Veroffentlichung sind die allgemeine Ldsungen fir Spannungen und l4tertschdtzung der
Gravitationstabilitat der Boschungen von unbegrenzten und begrenzten Hohe, mit dem Rilckbltck auf
die hidraulische Stabilitdt, filr die beliebige gerichteten lineare Stromung unter statischen und
seismischen (quasi-statischen) Bedingungen vorgelegt. Filr die Boschungen der unbegrenzten Hohe die
Ldsungenfilr funf spezielle Fdllen in gleichfdrmigem und nvei-schichtigem Boden, wie in Aufschtitung
erwartet, sind gegeben.

lntroduction

The two-dimensional analysis of the
gravitational stability of the slopes with infinite
and finite height for planar slip surfaces has in
practice the simple analytical solutions done by
the limit equilibrium method for the rigid-plastic
material and Terzaghi-Mohr-Coulomb failure
condition for the effective normal and (total)
shearing stresses in the soil. The influences of
soil water seepage change the eflective stresses
(pore water pressures) and slope safety factor and
the solutions become more complex so in
literature are given even for rectilinear flow for
special or critical cases only.

The solutions can be derived through the
average stresses in the slip plane, determined

from the equilibrium conditions of the whole
prismatic sliding element (1) or the rectangular
element in the sliping zone (2). For each

approach, the stresses can be determined in two
ways (Fig.1): through the total gravitational force
(k/) and the pore water pressure force (U) in the
slip plane or through the effective gravitational
force (W') and the seepage force (.,f - as the
resulting volume force (14/") is determined in
such two ways out of possible three (l). The first
way is more frequent and more suitable for in the
practice it is usually easier to determine the
resultant of pore pressure than the seepage force.
The second way displays the effect of filtration
better and enables the derivation of the hidraulic
stability conditions of cohesionless soil from
N':0 for the analysed case.

243

Samardaković,M.(2002): Stability analysis of slopes with translational failure surfaces and steady 
seepage flow, Proceedings of the 12th Danube-European Conference “Geotechnical Engineering”, 
(Passau, 2002), ISSMGE and DGGT, Essen, pp.243-246. 



For convetional calculation, we considered
uselul the derivation (in both ways) and the
application of 'general' solutions for the safety
factor of the infinite and finite height slopes with
the planar slip surfaces and rectilinear flow in the
seismic (quasi-statical) conditions, where the
solutions for the particular cases are presented.
Of course, their application is limited by the high
level of introduced geometrical and physical
simplifications (reduction to the twodimensional
problem, linear failure condition without defor-
mations, pseudo-static seismical analysis etc.).

Finite height slope

The solution for the safety factor with the
classic failure condition along the slip plane is
given in the following text, with the equlibrium
polygons of forces in non-seismical and seismical
conditions (Fig.l).

Fig.l : Forces polygons for the finite height slope.
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geometrical characteristics of the problem. For
tlre known force of pore pressures (t/) the safety
factor not depends of the ground surface
inclination (/'), as shown by Taylor (l) for the

statical conditions without seepage.

For the limit equilibrium (f'r:l) without
seepage and seismic influences:

yh _ 2sin Bcosrp'
c' sin(p - a)sin(a - g')

4c' sin Bcosg'
y l-cos(B-p')

P =;" d,r

The relations are valid for the effective or total
stresses along the slip plane (withouth the tension
crack in the fine graded soil) and for the

simplifications seen in the derivation procedure.

In Fig.2 they are presented in the form suitable
for comparison with the classic solution for the

total stresses along slip circle (1,3).
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Fig.2: Statical limit equilibrium condition for the

finite height slope without seepage.
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For the known distribution of pore pressures
along the slip plane the first member of the
expression (U/Wr) can be expressed through the
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Fig.3: lnfinite heigh slope force polygons.
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Fig.4: Statical solutions for particular cases l-V of the infinite height slope with the linear seepage.
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Limit values of certain parameters can be

determined from the limit equilibrium (4=l):

" - k, cos p cos(p + O)ftan(p + q -Ang)+ ru tanrp'
ov

For c'= 0 :

ru =k,cosBcos(p +d)[ -tan(p +0)ltang']
tang'-tan(p + 0 + 6)
and without seismical influences:

/, = cos2 p(l - tan B I tang')
tang'-tan(p + 6)

The analysis of conditions where the critical
slip plane is parallel to the slope, as well as the
comparison of pseudo-statical and dynamical
approach can be seen in (3). Bear in mind that the
quasi-statical approach does not introduce the
increase of pore pressure due to the seismic
influences, that l[/kr6 acts short and not continu-
ously and so on.

From the solution for the general case (Fig.3),
on the Fig.4 are the solutions for the five freqent
particular cases (l-V) with the linear seepage
without seismic infl uences.

These solutions contain all the solutions for
simple cases, available in literature in the
different form, for the non-coherent soil for the
cases II (4), III (5,6) and IV (5) or for a coherent
soil and seepage parallel to the slope in cases II
(7,8) III (3) and IV (3,9).

For the illustration of possibilites in searching
the required values of certain parameters for the

limit equilibrium (F,:l ) of the slope, chart for the
case III in non-coherent soil is presented (Fig.s).

qqqqqiecrr -Nm=33Rga
dll

Fig.5: The limit equilibrium condition for case III
in the non-coherent soil (c':0).

The literature (3,10) contains for practice
attractive but discarded charts (Hoek, 1970 and

later) with the solutions for plane failure in finite
height rock slopes. The approach for the solution
of linear seepage and slip circle (6) is also
interesting, which is beyong the subject of this
paper.
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