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On tiae pasis of an analysis of laboratory and field investigations, the paper

elucidates the essence of tne landslide process in the case of cyclic variation of the land-
slide~initiating factors. It is proposed that the theory of viscoplastic flow be used to
describe the process of accumulating plastic deformation in the soils making up landslide slopes.

One of the typical features in the dynamics
of tne landslide process as it develops in
mild slopes composed of clayey soils is their
cyclocity,which is due to the variation of a
number of landslide~initiating factors with
time. Such factors include the intensity of
atmospheric precipitation, ground water level,
water nhead in water-bearing strata,etc.

The overwhelming majority of such slopes may
be in the stage of steady-state secular creep;
they may deform very slowly and rarely go
over to a stage of progressive flow and col-
lapse. lingineering structures may be located
on such slopes and be in regular use for long
periods depending vn their sensitivity to non-
uniform deformation. Hence,the basic problem
is to predict the magnitude of landslide dis-
placement (or the rate of its development)
over a given period of time. This amounts to
a calculation of the long-term stability of
the slope on the basis of limiting deformation.
Short-ter. stability of mild slopes is guaran-
teed, as a rule, because they are not subject
to catastrophic displacements.

Quantitative methods of assessing landslide
displacements are still in an early stage of
development. This is due, not only to the comp-
lex matoematical problems involved, but also
to the proolem of determining the rheological
parameters of the soil in the massif in situ.
The method of determining theological proper-
ties of soil by loading gives no real idea of
its rheological behaviour in a massif where it
has been in a stressed state for a lung time.
The most effective method in this respect is
to determine the rheological parameters of the
soil in the massif from the results of an ana-
lysis of observations on the dynamics of the
slope in space and time, i.e.by means of re-
verse calculations.

At the resent time, the prediction of creep
deformation in slopes,when the deformation is
due to the stationary gravitational field of
stresses and the cyclic variation of an addi-
tional stress field, is based on the theory

of viscous and viscoplastic flow of a multiple-
phase soil medium, as well as on the theory

of the propagation of pressure waves 1n a
porous deformable medium (Ter—Martirosyan,
1971; Tsytoviclh et al, 1977).

According to the second of these theories,
the accumulation of plastic deformation in
the soil can occur in the case when an additi-
onal change in stresses leads to a stress- in
excess of the limiting long-term strength of
the soil (Fig.l). Such a change may occur
either at a change in the pore pressure ar
upon a change in the external load on the soil
(change in head in a water-bearing stratum,
construction of a tentative £ill or cut,
moistening or the upper layers, etc.).

6.

Figesle Concerning the mechanism of accumulating
plastic deformation in soil: 1l=limit of
long-term strengtnh or the loading sur—
face; 2- limit of instantame ous strengthj
M-stressed state at a certain point in
the soil massif in a stationary gravi-
tational field; M;,Mp,...-stressed

state at the same point after additional
action.

Long~term instrumental observations of the
dynamics of landslide development.conducted by
the authors (Tsytovich,et al,1977), indicate
that tnere is a relationship between the in-
tensity of landslide displacements and changes
in the landslide~initiating factors. It can be
seen that the most active displacements of sur-
face and depth benchmarks correspond with the
period of increased atmospheric precipitation
and the rise of the water level in the piezo-
meters. This process is described well by the
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theory of the propagation of pressure waves in
a degormable porous medium (Ter-Martirosyan,
3971).
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Fig.2+ Results of observation of the dynamics
of a landslide slope: Rg—-displacement
of deptin benchmarks,Myph-vertical and
horyzontal displacement of surface bench-
marks, K_amount of atmospheric preci-
pitation, H, , -groundwater level at
various depth in the massif,

For this case,the consolidation equation can
be written in the gene;sl form w
B&v + IJV = k 2
Llv nm = N
at Va't va.uw7 .
where £yis the volume straingn is the porosi-
ty; uy is the pore water pressure; is the
coefficient of relative compressibility of tpe
pore liquid; k is the coefficient of permeabi-
lity; § is tne unit weight of the water and
¢« 1s tne Laplacian operators

On the basis of tTne theory of viscoplastic
flow, the physical equations of the soil me-
dium can be presented in the form

- » )
c. —6i-bi . ¢ :_ﬁ_L
R BT e (&)
where £; is the rate of shear deformationj 6;
and ¢; are the acting and limiting intensiti-
es of the tangential stresses; my is the coef-
ficient of volume change of the soil ana Ni is
the coefficient of viscosity in shear. At
@i € &) the shape-change deformation is of an
elastic nature and can be determined in terms
of the modulus of sjress relief R, i.e.
&i= 0i/R, whereas @] is determined by a rela-
tion of the form of

6l = (Pe+ &) tanV (3)

1
where P, is the cohesion pressure; 6 is the
average effective stress and tan V¥ is the
friction coefficient on an octahedral area.
It is obwious that when there are weai_ soils
in the landslide slope, the value of 6 is low
and the soils deform at practically negligib-
le shear stresses, i.e. viscous flow occurs.

A comauon solution of equations (1) and (2),
for the case of creep of an inclined water-sa-
turated stratum dus to its dead weight,to an
external load and the pressure P{t) at the
lower boundary that vary with time, has been
discussed in works of the authors published in
1971 and 1977.

In determining the distribution law for pres-
sure waves in an inclined stratum, a solution
was obtained of the form

Uy (58 =y, (1) + -§-P@t) +

oo

Vi (1) singin &5 (4

h= AR
where Vp(t) is a complex function depending
upon the way the external load g(t) and the
boundary pressure P(t) vary with time and H is
the height of the layer.

Upon cyclic variation of g(t) and P(t),a cyc-
lically varying pore pressure is developed in
an inclined stratum. This pore pressure causes
c¢yclic changes in the effective stresses which
eventually lead to an accumulation of plastic
shear deformation in the soil,

A comparison of the results of field and la-
boratory investigations of soil creep deforma-
tion with vhe theoretical values indicates
that they agree to a satisfactory extent.
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