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T h e  f o u n d a t i o n s  o f  s c i e n t i f i c  p r o g n o s t i c a t i o n  o f  t h e  l a n d s l i d e  p r o c e s s e s  o n  c o n s t r u c t i o n  

s i t e s

Une base pour la prévision scientifique des processus de glissement sur les sites de construction

Z.G.TER-MARTIROSSYAN, Professor, Doctor of Sciences, V.V. Kuybishev MICE, USSR 

K.SH.SHADUNTS, Professor, D.G.-M.N. Krasnodar Agricultural Institute, USSR

SYNOPSIS : The report deals with theoretical bases for landslides behaviour processes numerloal 

predictions. The rheological properties of clays In slopes are most Important In stress-straln 

conditions for soil mass. In cases, when slopes are used to be bases for buildings and construc­

tions, during the life tljne of any construction the stress-straln distribution in slope can be es­
timated by calculations of movement velocities.

The landslide prooesses are the most wide-spread 

and active form of manifestation of general exo­

genous geomeohanlcal processes and most often 

occur In mountain-fold areas which are now be­

ing extensively built up with linear, energetic 

and hydrotechnlcal projects.

Therefore, a necessity arises to Improve the 

existing methods and the quantitative estimap- 

tion of stability and dynamics of the landslide 

processes to prevent harmful consequences, as 
well as to work out measures on slope stabili­

zation and to provide favourable conditions for 

projects utilization.

Sow, the problem of scientific forecast of 
the scarps and slopes stability is solved, main­

ly, by calculating stability. The results show 

whether catastrophic shifting (landslide) is 

possible and they also indicate the volume of 

landslide body. But in most cases of engineer­

ing practice it is necessary to forecast the 
dynamics of landslide processes with or without 

a possibility of developing into catastrophic 

stage for a given period of time. This forecast 

is conditioned by the utilization of projects 

Interacting directly or indirectly with land­

slides.
In fact, the division of slopes into stable 

and unstable is relative, if the time factor 

and the growing landslide shifting are taken 

into consideration. A stable slope can develop 

into unstable state after a long period of time 

due to spreading deformations of soil along the 

potentially possible sliding surface. Besides, 

the growth of considerable shlftings on slopes 

without developing in catastrophic stage causes 

irregular deformations of projeots interacting 

with slopes, which, finally, can lead to emer­

gency. Obviously, in the last case the "stable" 

slope can be characterized as unstable, because 

the growth of considerable deformations has 
brought about the failure of projects, i.e. the 

loss of strength of projects Interacting with 

a landslide body.

As, during the development of landslide ter­

ritories, a slow growth of landslide shlftings 

without transforming Into catastrophic stage 
ocours in most cases, it Is urgent to Improve 

the existing methods of quantitative forecas­

ting of landslide dynamics. This made it pos­

sible to carry out research on designing, to

build and to utilize the projects constructed 

on landslide slopes and scarps on a more sub­

stantiated and oonfldent level.

It is evident that the quantitative forecast­
ing of landslide dynamics In general case should 

Include all stages of the development of this 

process embracing the initial, intermediate and 

catastrophic phases.

The initial phase is linked with transfor­

mation of the initial strain-stressed state 

(SSS) of the slope, the transformation being 
conditioned by the construction of projects, 

the change of slope profile (levelling, em­

bankment, etc.), as well as by the change of 

hydrorheological conditions (arrangement of 

reservoirs, drainage, spillway, etc.). On that 
stage landslide deformations develop, at first, 

Intensively, and, then, gradually stabilize and 

change Into the second stage.

The second stage corresponds to the relative­

ly stabilized SSS of the slope when landslide 

deformations develop at a constant or (cyclical­

ly) variable rate within admissible limits for 

the project utilization, the project interact­

ing with the landslide. This stage can take a 

very long period of time and is not likely to 
develop into catastrophic stage.

This is conditioned, on the one hand, by non- 

uniformity of the slope's SSS In spaoe and In 

time, and on the other hand, - by property of 

the geological structure and hydrorheological 

conditions of the given slope.

It Is obvious that an unambiguous analogy 
with dynamics of development of creeping de­

formation of soil specimen tested in laboratory 

conditions and dynamics of development of land­

slide process can't be drawn.

Finally, the third catastrophic stage corres­

ponds to the development of landslide shlftings 

at a progressing rate. This stage takes an end 

with surface sliding of large masses down to 

the slope. Therefore, the slopes' failure Is 

the final result of a durable process of a slow 
soil straining.

The true prognostication of the slope's SSS 

which includes all these stages, is very dif­

ficult to obtain, because one should study land­

slide process end describe it in mathematical 

terms.
It is evident that, appllcably to the Involved
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areas, the forecasting of landslide shifting 

should be carried out only for the conditions 

of damped creeping as uniquely possible for 
projects built on slopes and which can take 

place If tensions do not excess over the di>> 

rable strength limit.

Determination of rheological properties of 

clay soil forming slope and choice of rheolo­

gical soil model Is an Important stage of the 
landslide process forecasting.

Cyclicity conditioned by the development of 

creeping deformation In natural slopes under 

effect of periodically varying head in the 

slope's water-bearing horizon is one of the 

characteristic properties of the landslide 

process dynamics.
The effect of these two factors, In many 

cases, is determining under development of land­

slide processes on slopes formed up with waters 

saturated clay soil.

Landslide processes on slopes formed up with 

non-water-aaturated loesslal soil will be con» 

ditloned, generally, by the change of the 

slope's humidity regime.

The present report provides with theoretical 

foundations of the landslide process forecasting 

This process talcing plaoe on slopes formed up 
with wateri-saturated clay soil and non-water*« 

saturated loesslal soil.

1 Forecasting of the landslide process dynar­

mies on slopes formed up with water-saturated 

clay soil

As it was noted above, the main factors affect­

ing the landslide process of slopes formed up 

with d a y  soil are: creeping of skeleton and 

influence of variable pore pressure on creeping 

under shifting.
Non-uniformity of SSS end non-stationarlty of 

hydrorheological slope's conditions complicate, 
to a considerable degree, the task of the land­
slide process forecasting as a whole. Essential­

ly, the landslide process forecasting comes to 

determination of deformation and tension com­

ponents In every point of the massif pore pres­

sure in dependence of geological and geometri­

cal structure of slope, boundary loads and wa­

ter heads Including*

The analysis of the listed by us experimental 

research of clay soil with Intact and deformed 

texture carried out on Instruments of torsion 
and cylindrical shearing in kinematic and stati­

cal loading regimes shows that the process of 
plastical deformation accumulation occurs at, 

practically, every values of tangent tensions. 

But these deformations take shape under excess 
of tangent tensions over the limit of durable 

strength or residual strength, i.e. when

or 'V > T £  . Relation (1) will be valid 

before the angle deformation of limit which 

corresponds to peak strength is obtained:

' t  = S ' ^ e + c cfc +  ¿ V y *  ( 1 >

(  I T * I f * )

and relation (2) will be valid after the angle 

deformation exoesses the boundary

r  = +  r p >  ( 2 )

It results from these equations that depending

on the value of the accumulated angle plastic 

deformation in different points of the land­

slide massif, the straining rate is different 

and the degree of resistance to shearing is 
different, too. So, the transformation of slo­

pes' SSS after variation of its equilibrium 

state occurs continuously and can end with both 
damping or progressing course.

Obviously, under cyclical change of pore 

pressure, temperature under soil humidity, ad­

ditional irreversible landslide shearings may 

appear which also can bring the slope Into the 
state of progressing course, as angle deforma­

tions are accumulated and soil strength is re­

duced to the level of residual one.

Theoretical end experimental research carried 

out in laboratory conditions showed that the 

periodically changing pore pressure affects 

considerably the development of shearing defor­

mations. Presently, we have at our disposal the 

worked out algorithm and the numeric method of 

the slope's SSS analysis under the effect of 

its own weight, external loads and heads of 

water-bearing horizons, and of interaction with 

engineering projects which make it possible to 

forecast the components of loading, deformation 

and displacement in every point of the land­
slide massif.

2 Foundation of forecasting of the landslide 

process dynamics on slopes formed up with 

loesslal soil

Engineering-geological conditions in arrange­

ment of the Central Asia mountain reservoirs 

are rather specific because the slopes of river 

valleys are covered with thick series of loess 

which lie on waterproof rocks. Initial filling 
of the reservoir is followed by elevation of 

river plane, and the slopes covered with loess 

become Its edges. Loesses get wet. The wetting 

front starts to transfer from the limits "bank- 

reservoir" inside of the soil massif. Due to 

low natural humidity, water movement occurs 

under effect of the capillary forces, and the 

wetting front, as show the theoretical and ex­

perimental research (1), develops extremely 
slowly. Water passing through macropores under 

the effect of the gravity force is an exception 

to that rule. On this stage It is sufficient to 
confine oneself to the one-phase model of non­

linear infiltration, in which water flow I w is 

expressed as the filtration coefficient and the 

capillary potential gradient:

< »

Under complete saturation, the infiltration 

turns into filtration. The filtration coeffici­

ent does not depend on humidity, and the po­

tential is equal to positive head in liquid.

As pores get saturated with liquid, the cha­

racteristics of loes6 strength degrade. The 
friction coefficient and resistance to thorough 

rupture (MPa):

M=  0, 53 - 1 , 0 U5 ‘ ( W- 0 , C&)  ( 2)

U -  (3)

are compuded in dependence on gravimetric humi­

dity according to (2) and (3) and are just only
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over the range from maximum molecular moisture 

capacity to saturation humidity.

Then, as reservoir banks get wet, two cases 

are possible:

1) interaction "soil-water" occurs so rapidly 

that the front "soaking-scouring" moves after 

the saturation front, and the bank failure hap­

pens practically at the Beme time as wetting 

occurs, and the separated particles settle down 

over the slope's surface or are transported by 

benthlc streams;
2) "soaking-scouring" occurs slower than in­

filtration; the wetting area in series of bank 

soil takes such considerable dimensions that 
subsidence starts under effect of its own 

weight.

In the second case it is necessary to de­

scribe in detail subsidental process In time 

with the account of irreversible skeleton de­

formations right up to transferring Into boun­
dary state, and also with the consideration of 

retro-ties in Interaction of the skeleton with 

pore liguld. The basic equations on this stage 

of bank's scouring are:

(4)

the former one translates the balance of liquid 

phase, and the latter one expresses the balance 

of skeleton pulse, where: W  - humidity; I* , 

H * -  flows of water and skeleton; - ten­

sor of tensions In skeleton ; p $ - volume 

weight of three-phase soil. There is a relation­

ship between the skeleton displacement /U.^C and 
the skeleton flows I**- :

(5)

= C'f (7)

From relationships (7) one can get the expres­

sion for the dilatance rate:

n  = ( 8 )
CL£y>

In case of net shearing, relation (8) may be 

simplified:

(9)

solution (9) and equation (6) give the desired 

surface In the form of hyperbola:

r =  a  - f a i

ci O'- <5-*) - t

( 1 0 )

whioh Is assigned by the desired equation of 
the subsidental soil state.

The law of volumio compression may be re­

presented in traditional logarithmic form:

6 '*  V- ( 1 1 )

where 'Tt - soil volume, and all parameters of 

equations (10) and (11) are determined through 

experiments as the continuous humidity func­

tions*

Filling of pores with water, loss of struc­

tural strength In soil, development of plasti- 

cal subsidental defoimations lead to subsiden­
tal process stabilization which ooincides with 

the beginning of the filtration consolidation. 

In this case the system of basic equations 

should be written as

To complete equations system (4), besides re­

lationships determining boundary states (2) and 

(3) and kinetic equation (1), we should involve 

the law of plastic deforming of soil which Is 

determined In the present work from three main 

preconditions:
1) the Drukker's postulate (basio inequality 

of the plastic course theory);
2) dependence of shearing deformation on 

tangent tension under net shearing;

3) dependence of the dilatant component of 

volumlc deformation on tangent tension under 

net shearing.

In the plastic course theory the state equa­

tion is given in form of loading surface which 

sets boundary of elastic and plastic strain of 
material and also determines relationship of 

volumlc and shearing deformations in dependence 

of the way of loading. The following designations 

should be used to formulate the loading surface: 

5*- normal tension (hydrostatic invariant of 

tensor of tension);

V  - tangent tension (shearing invariant of 

tensor of tension);

£ y - volumlc plastic deformation;
£ -  shearing plastic deformation.

The Drukker's postulate is written as the 

Inequality:

. ( 6 )  
( T ( / i v  f 'CrdL&: *<0.

Deformations under net shearing are expressed 

through the formulae:

( 1 2 )
4 — /7I.3JC.

M *

where p - pressure in liquid: H. - the filt­

ration coefficient, ( i - rn- ĉ. ) - porosity,
M ^  - modulus of the liquid volumlc compression.

The theory of filtration consolidation In 

non-linear formulation is used for the analysis 

of dam stability in works made under super­

vision of Zaretsky Yu.K* (Zaretsky Yu.K., ).

The draw-down of the reservoir causes water 

losses on the bank side, and the following 

fluctuations of the level lead to restraint of 
considerable air masses and to necessity to 

take into account Its interaction with the 

skeleton and water not as alr-bubbles dissolved 

in water, but as independent phase. Let's 

examine a sufficiently large volume of air en­

closed In structure-free (after settlement) 

soil, and enciroled by saturated soil* The 

humidity regime of the bank and the movement 

of the reservoir headwater level can change in 

the way, that:

1) restrained air will not change its volume 

(If the reservoir lowering Is accompanied with 
a fall of free surface of the bank filtration 

flow)| this can take place only under rather 

slow spillway from the reservoir, which occurs 
extremely seldom;

2) restrained air expands due to sharp fall
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of the level, and soil Is submitted to vacuum­

ing;
3) restrained air gets compressed due to 

sharp rise of the level and seeks to break the 

incompletely wateri-saturated soil mass from 

Inside.

As specific oharacter of the mountain reser­

voirs consists both in a large amount of the 

level's differential and its quick draw-down- 

dump, the account of the effect of restrained 

air becomes an actual task, and the effects due 

to the change of its stressed state can play a 
decisive role in bank's slumping. Change of 

pressures in air results in the first place In 

change of the water film state, and, as water 

is present in soil always, in solution of such 

problems, it is proper to carry out the analy­
sis supposing that air and skeleton interact to 

a considerable degree through water and to a 

small degree - ‘Immediately.
In case of the balanced air pressure transfer 

over liquid and solid phase when in every mo­

ment of time skeleton and water "instantly" 

respond to every change of pressure In air, all 

three phases do not lose the equilibrium state 

and air In the system is "the slowest link", 

one can confine oneself to a simple and obvious 

model of "capillary menlsous"* The rise of pres­

sure In air is accompanied by the meniscus' 
curvature growth and interaction of water films 

and a part of skeleton weakens* If, on the cont­

rary, air produces vacuuming effect on water 

menisci, soil gets additional structural strength 

just as dry sand assumes some connectivity under 

humldlflcatlon, and soil, submitted to vaouum- 

ing, slowly gets soaked (Talaev 11.V., 1961)* 
Change of pressure in air will also bring to a 

change of the capillary potential in formula

(1), whioh will affect on the water transfer 

kinetics* For a quantitative study of the 
"sucking force" of soil depending on pressure 

in air,speolal experiments are required.

Supposition on a balanced character of pha- 

ses' Interaction should be considered as the 

first one and as approximation far from reality. 

Water and skeleton can not reorganize themselves 

uicker than air due to their agregate state, 

iquld and the system of solids have a higher 
degree of molecules' Interaction, than gases.

So, the process of vacuuming and restrained air 

compression runs in non-equlllbrium way and, 

for its analysis, It is necessary to Involve 

thermodynamics of non-equilibrium processes*

One of possible lhnnaLizatlons belongs to Onzager 
who was the first to introduce it for studies 

of the chemical reaction kinetios. Flows of some 

substances I are believed as proportional gra>- 

dlents of the corresponding thermodynamic po­

tentials X  . For a three-phase soil in which

(13)

n r v  f  m *  + n v  - i

the skeleton flow equation is represented as

In the present case these conditions are not 

satisfied. Besides, the very coefficients de­

pend on corresponding concentrations* For 
example:

L  0 6 )

The analysis of three-phase soil systems in 

terms of non-equilibrium thermodynamics makes 

It possible to describe such well-known facts 

as, for Instance, filtration anomalies when 
liquid moves to humidity rise, but not to Its 

fall, as it is admitted. Filtration flow moves 

not to heads' loss, but to its gain* Analogous 

phenomena can take place with both air and 

desorlption of insufficiently usual quasistati- 

cal approximations on which modern analysis 

models are based.

The presented methods are Implemented on 

electronic computers "ES" with numeric methods 

on the elaborated complex of programs. Under 

regular program layout it is convenient to use 

the finite differences method. In case of 

complex bank contours or when it Is necessary 

to extend control, the final elements method is 

used. Obvious schemes should be applied in so­
lution of non— stationary problems, non-linear 

problems are solved through the initial de­

formation method* The results of the analysis 

are represented as series of, consecutively 

changing in time, reservoir banks profiles 

which correspond to the cycles of water level's 
variation.

~ »*.  (15)
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The equations for 1M and I“'look analogous. 

Coefficient L^. * means that gradients In wai­
ter X w  can cauiefe skeleton flows and, vice 

versa, water flows can arise due to the gradi­

ents In skeleton, and so, I**-and 1* are called 

"conjugated".

Reciprocity conditions (15) are just in li­

near dlsbalanced thermodynamics close to the 

equilibrium state:
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