
PHYSICO-GEOLOGICAL PROCESSES 
 

Landslides 

Landslides are one of the main characteristics of the geological hazard in Bulgaria. 
The quick change of the relief, the complicated geology and the intensive tectonic 
movements have determined the appearance of many and different types of 
landslides spread all over the country.  

A great part of the landslides in Bulgaria go back to ancient times. The active stage in 
their development was apparent in the past. They occupy huge areas (of 10 000 to 
100 000 of m2) and their sliding areas are situated at a great depth (of about 100 m). 
Most of them are in a state of temporary stability, move at a slow relatively constant 
speed along the sliding surface situated at the deepest. Under certain conditions 
parts of them or the whole landslide may be activated. At this point they are classified 
as landslides from a different category known as contemporary/active landslides.  
Among the reasons for their activation could be sea erosion, erosion, torrential 
continuous rainfalls, snowmelt, and human activity.  Landslides of this type can be 
observed on the high Danube riverside, along the north Black See shore, the Eastern 
Maritza basin, along the valleys of the Struma, Mesta, Vucha etc.  Their surface often 
ranges to up to 200 000 m2 and their sliding surfaces are situated at over 10 metres 
deep.  They are difficult to consolidate, cause huge damage, demand serious 
economic measures. The most widely spread are the small active landslides. They 
cover areas of up to 2 000 – 3 000 m2 and their depth ranges to up to 8 m.  They 
cause little damage in the area of their activation but as they are widely spread they 
have a great negative effect.  

 Conditions and factors/passive and active reasons  

Conditions include elements of the geological environment which either do not 
change or change very slowly. Among these are the geological structure of the 
slopes, relief, physical and mechanical characteristics of rocks and soils, the 
availability and regime of underground waters. 

Landslides appear mostly along slopes consisting of clay soils.  These processes 
are particularly typical of areas made up of Tertiary and Quaternary sediments. The 
geological history of these soils and rocks is short; the structural bonds developing 
within them are weak and can be easily destroyed under the influence of weight, 
increasing the ground water level, hydrodynamics pressure, or seismic activity. 

The relief of the area is also of major importance for the occurrence of landslides. 
They are basically situated on sloping terrains in river valleys, the high Black Sea 
coast, foot of the mountains, and steep mountain slopes.  

The composition, status and properties of the rocks and soils are of basic 
importance for activating landslides. Properties such as density, water content, 



swelling ability, shear strength define the possibilities for breaking the balance (state) 
of a potentially active slope. 

The hydro-geological conditions in sloping terrains among which depth of the 
ground water level, coefficient of permeability, direction of the ground water flow, 
hydrolics gradient are also important.  

Factors are natural or caused processes, which, at a certain point, may destabilize 
slopes.  

Modern tectonic movements are slow - horizontal and vertical, but with time they 
change the local erosion basis and increase the height and steepness of slopes. 
Strong earthquakes also cause sudden activation of landslide movements. 

Erosion and sea erosion are basic factors predetermining the appearance of 
landslides. Cut under the slopes changes their geometry, reduces reactive forces in 
the soil massive and causes sliding of earth masses. 

The rising of the ground water level causes hydro-static and hydro-dynamic 
pressure which leads to a change in the active and reactive forces in the slope.   
What is more, the water saturating of clay soils may lead to the destruction of the 
structural bonds within them and, hence, to the reduction of soil shear strength. 

Caused factors are: cut under the slopes for the sake of road and railroad 
development; irrigation canals; open-air extraction of natural resources; deep 
construction pits; cconstruction of embankments of aggregates or landfills for 
municipal and industrial waist; overloading of the top of the slope by heavy buildings 
and equipment; changes in the underground water regime as a result of faulty 
plumbing or sewage, illegal watering etc.; dynamic stress by the vehicle transport or 
detonation.  

In the year 2002 ”Regulation №12 for design of geotechnical protective structures 
and constructions in the areas of landslides in Bulgaria” was the published.  

 It defines the technical requirements for design of geotechnical protective structures 
and constructions in landslide areas. It also defines the concept of ‘landslide’, 
introduces the size and ways of planning of geotechnical structures, the size and 
ways of researching landslides, the prohibition constructing under certain conditions 
and gives basic directions for measures in unexpected cases of accident.  

Landslide areas may be the following: natural and artificial slopes and outcrops which 
move or may be caused to move under the influence of a complex of natural and 
caused factors. 

Design and construction of geotechnical constructions, buildings and equipment in 
landslide areas is carried out on the basis of geological, and hydro-geological 
research, geodesic measurement and data form geotechnical research of soils.  



Landslides are classified according to several indications:  

 According to the area and depth of sliding surface considering table 1.  

 

According to the speed of movement table 2.  

 

According to the importance of the construction at risk table 3. 
 

Construction at risk (existing and new)  Category 

Residential and public buildings with a height 
of above 15 m, highways and roads Class 1, 
major railroads and equipment of national and 
regional importance  

A 

Residential and public buildings with a height 
of from 10 to 15 m, highways and roads Class 
2 and 3, railroads that are not mentioned in 
Category A and equipment of regional 
importance  

B 

Residential and public buildings with a height 
of up to 10 m, roads and equipment of local 
importance  

C 

Temporary buildings, local roads that can be 
surrounded , roads in woods and agricultural 
areas  

D 



According to the geological and tectonic characteristics 

                            

A-sequent – the sliding surface is                        Co-sequent –the sliding surface is  

situated in homogeneous soils,                along surfaces of stratification, 

                                                                               in layers with law shear strength 

 

 

                                                                                   

5. According to the type of sliding 

According to the type of sliding 

Detrusive - beginning at the top of slopes. Most often the reasons for this happening 
are overloading in the upper part of the slopes, increasing the ground water level in 
the upper part as a result of springs or leaks in the irrigation system.      

Delapsive - starting at the lower part of slopes where the landslide process slowly 
moves upwards. The reasons for this usually are sea erosion or erosion in the foot of 
the slopes, crossing of terrains by roads or railroads, excavations  for irrigation or 
sewage systems.    

consistent - appear as a result of  increasing the water content of clay soils and 
change in their consistency. They are relatively shallow and appear in slopes with 
insignificant inclination.  

Rock falls - arising after a sudden, unexpected loose of the stability of slopes 
consisting of rocks which may be observed along cracks. The sliding surface is 
usually steeper than 45o.  

In-sequent – where the surface of                   
sliding crosses the surfaces of 
stratification. 
 



 

Rockfall 

 

Creeping slopes are landslides whose terrain surface moves at up to 0.005 mm/day. 

 

 According to the depth of sliding surface: 

   - Deep landslides with not determined sliding surface at a depth of over 4 m; 

  - Shallow landslides at a depth of under 4 m; 

  - Surface landslides are the ones strongly dependent on atmospheric waters. 
Where they are concerned the fixed sliding surface follows approximately the 
inclination of the terrain. They are usually delapsive or co-sequent; 

The most important parts (elements) of landslides according to Cruden, D.M., 1993. 
The Multilingual Landslide Glossary, Bitech Publishers, Richmond, B.C., for the 
UNESCO Working Party on World Landslide Inventory in 1993 are: 

  Accumulation: The volume of the displaced material, which lies above the 
original ground surface. 

Crown: The practically undisplaced material still in place and adjacent to the highest 
parts of the main scarp. 

Depleted mass: The volume of the displaced material, which overlies the rupture 
surface but underlies the original ground surface. 

Depletion: The volume bounded by the main scarp, the depleted mass and the 
original ground surface. 

 



 

 

Displaced material: Material displaced from its original position on the slope by 
movement in the landslide. It forms both the depleted mass and the accumulation. 

Flank: The undisplaced material adjacent to the sides of the rupture surface. 
Compass directions are preferable in describing the flanks but if left and right are 
used, they refer to the flanks as viewed from the crown. 

Foot: The portion of the landslide that has moved beyond the toe of the surface of 
rupture and overlies the original ground surface. 

Head: The upper parts of the landslide along the contact between the displaced 
material and the main scarp. 

Main body: The part of the displaced material of the landslide that overlies the 
surface of rupture between the main scarp and the toe of the surface of rupture. 

Main scarp: A steep surface on the undisturbed ground at the upper edge of the 
landslide, caused by movement of the displaced material away from the undisturbed 
ground. It is the visible part of the surface of rupture. 

Minor scarp: A steep surface on the displaced material of the landslide produced by 
differential movements within the displaced material. 

Original ground surface: The surface of the slope that existed before the landslide 
took place. 



Surface of rupture: The surface which forms (or which has formed) the lower 
boundary of the displaced material below the original ground surface. 

Surface of separation: The part of the original ground surface overlain by the foot of 
the landslide. 

Tip: The point of the toe farthest from the top of the landslide. 

Toe: The lower, usually curved margin of the displaced material of a landslide, it is 
the most distant from the main scarp. 

Toe of surface of rupture: The intersection (usually buried) between the lower part of 
the surface of rupture of a landslide and the original ground surface. 

Top: The highest point of contact between the displaced material and the main scarp. 

Zone of accumulation: The area of the landslide within which the displaced material 
lies above the original ground surface. 

Zone of depletion: The area of the landslide within which the displaced material lies 
below the original ground surface. 

The analysis of landslide stability is carried out according to slope stability including 
deep sliding along a certain kind of sliding surface. Calculations are made for the 
basic combination of loads and for a particular combination of loads including seismic 
load . The factor of safety is established.  

 

 

 

 

 

 

 



 

Rotational landslide 

 

 

 

 

 

Landslides with rotational sliding surface are calculated according to Bishop, Janbu 
and Morgenschtern.  

 



 

Translational landslide 

 

 

 

 

Landslides with polygonal sliding surface are calculated according Shahuniantz 



The maximum admissive values of the factor of safety FS are given in the  following 
table:  

Landslide status 

(class, group, category)  
Basic combination of 

loads  

Particular combination of 
loads ( including 

earthquake) 

Landslides from classes 
I and II, groups 1 to 5, 
and categories A,B,C  

1.20  /  1.25  1.10  /  1.15  

Landslides from classes 
III and IV, group 6, and 

creeping slopes, 
category D  

1.15  / 1.20  1.05  /  1.10  

 

Engineering-geological research in landslide areas include: 

 - Terrain inspection and recording all elements of the landslide, recording 
cracks in existing buildings, availability of swamps, damages in the structures and 
inclined trees; 

 - Bore holes situated in cross sections parallel to the landslide movement, at a 
depth greater than the sliding surface. At least three cross sections are done for each 
landslide at a distance not greater than 20-25 m; 

 - In order to determine the characteristics of the soil, laboratory and field tests 
are carried out; 

 - Laboratory tests are done to define bulk density, specific gravity, water 
content, Atterberg limits and granulometry;  

- Simple shear tests are done in drained consolidated condition of the soil sample. 
For delapsive landslides drained unconsolidated tests are done. For detrusive 
landslides undrained unconsolidated tests are made for the part of the landslide 
which is situated under the loaded section;  

 

 



Shear strength and its varieties  are defined for:  

- Peak shear strength τf is defined by maximum tangential stresses from the equation 
λ = f/τ. The values received for the tgφ parameters are used in the calculating of the 
slopes stability which have not been under the influence of landslide processes and 
objected to seismic loads; 

- Residual shear strength τr  is determined after the sample collapses and the shear 
strength stabilizes . These parameters are used when determining the stability of 
ancient landslides, slopes in equilibrium or when the landslide is at the beginning of 
its movement  - form groups 5 and 6; 

- Minimum residual strength τr min is determined by a sequence of cyclic shearing 
along the same surface of the sample. The values for tgφ thus received are used to 
calculate the stability of landslide of types 1 and 2. 

 

 

 

- Calculative characteristics of the soils are determined according to the following 
formulas:                       ,               ,                        

Where γφ, γс и γg are the partial coefficients of the respective values γφ =1.2, γс = 1.6, 
γg = 1.0.  

The method for calculating the factor of safety is determined considering the shape of 
the sliding surface and the type of landslide. 

 

Strengthening structures are applied after a complex of water protective, drainage 
and planning works depending on the conditions: 

- Reconstruction of the plumbing systems; 

- Construction of drainage system, surface ditches;  



- Change of the inclination of the terrain surface for reducing the landslide 
forces.         

Reloading in the lower end of the landslide with extra embankments, when possible, 
buildings at the foot of the landslide may be used to take the landslide pressure.    

The following are strengthening structures:  

- retaining walls /gravitational, cantilever, combined/, could be also anchored or 
non anchored ;  

- in situ cast driven piles – recommended diameters are bigger then 300 mm ;  

- systems of in situ cast driven piles with frame ;  

- anchored in situ cast driven piles ;  

- slurry walls – anchored or non anchored ;  

- wells of  anchored or non anchored slurry walls ;  

- micro piles ;  

- soil nails.  

4.   Examples of some landslides at the Black Sea shore 

Landslides along The Black Sea coast can be observed basically along its Northern 
part: from the town of Kavarna to the city of Varna. In most cases modern 
technogenic landslides are activated on the top of ancient ones which have deep 
sliding surfaces (slip planes). 

The main reason for the activation of modern landslides along the Black Sea coast is 
the geological structure which once determined the appearance of the old ancient 
landslides. The sliding surfaces are connected to the Neogenic sediments.  

 

Landslide “Kabakum” 



 

Landslide “Sviloza” 

 

 

 

Landslide “M.Tarnovo-Burgas” 

                                  

 



 
 
Weathering. 
 
This is a process by which the rocks are broken down and decomposed by the action 
of external agencies such as wind, rain, temperature changes, plants and bacteria. 
Weathering is the initial stage in the process of denudation. An essential feature of 
the process is that it affects rocks in situ. NO transportation is involved. This is a 
factor which distinguishes it clearly from the erosion. 
 
 
 

 
 

 
 
The chemical and physical processes of weathering transform the igneous rocks into 
sends and clay particles and dissolved salts. The total volume of erosional debris 
produced is somewhat greater than the original, depending on the degree of 
chemical weathering, which adds carbon dioxide, water and oxygen to the original 
composition. 
 
 
The chemical and physical processes of weathering transform the igneous rock into 
sand and clay particles and dissolved salts. The total volume of erosional debris 
produced is somewhat greater then the original, depending on the degree of 
chemical weathering, which adds carbon dioxide, water, and oxygen to the original 
composition. 



 
There are two main types of weathering. 
Mechanical:  This is brought about chiefly temperature changes, e.g. the expansion 
of water on freezing, in pores or cracks of the rocks; the differential expansion of the 
rock, or rock minerals, when they are strongly heated by the sun. This latter process 
tends to cause thin sheets of rock to split off (exfoliation - onion skin weathering). The 
action of the plant roots penetrating in the cracks in the rocks is frequently powerful 
enough to cause splitting. 
Chemical: This is mainly brought about by the action of substances dissolved in the 
rain water. They are usually acidic in character and leach the rocks quite actively – a 
typical example is the solution of the limestone by water containing dissolved CO2. 
   
  2CaCO3 + H2O + CO2 = 2Ca(HCO3)2 
      limestone    water          calcium bicarbonate(soluble) 

 
Under tropical conditions, intensive extractive leaching removes most elements from 
the rock except aluminum and iron, which remain as hydrated oxides in the form of 
laterite and bauxite. 
Climatic factors play a large part in weathering. Chemical weathering is virtually 
absent in arid regions, while effective freeze-thaw action is confined to cold 
temperature and sub arctic climates. 
 
Actually weathering is a twofold process: it is both fragmentation, or mechanical 
weathering, and decay, or chemical weathering, operating together, each helping and 
reinforcing the other. The smaller the pieces, the greater the surface area available 
for chemical attack and the faster the pieces decay; the faster the decay, the more 
the pieces become weakened susceptible to breakage. Both chemical decay and 
physical break up join with rainfall, wind, ice and snow, and sliding and slumping to 
erode the surface and wear it away. 
 
 
Feldspar is a key mineral in a great many igneous, metamorphic and sedimentary 
rocks. The rock falls apart because the original interlocking crystal network of quartz 
and feldspar no longer holds together when the feldspar weathers to loosely adhering 
clay. The white to creamy colored clay is the mineral kaolinite (kaolin).  Water is 
essential to the chemical reacting  by which feldspar becomes kaolin.  
The feldspar-kaolinite conversion depends on the amount of rainfall, the temperature, 
and the length of time the water stays in contact with the feldspar containing rock. 
The weathering of the common feldspar of the granite, orthoclase, which is made up 
of potassium (K), aluminum (Al), and oxygen (O): 
 
     KAlSi3       +       H2O    =    Al2Si2O5(OH)4 

                   Feldspar            water            kaolinite 
 



 
 
 

 
 
 

 
 

Microscopic views of stages in the disintegration of an igneous rocks, such as 
granite. As chemical decay proceeds, grain boundaries weaken, and the rock begins 

disintegrating into fragments 
 

 
 



Microscopic view of stages in the disintegration of an igneous rock, such as granite. 
As chemical decay proceeds, grain boundaries weaken, and the rock begins 
disintegrating into fragments. 
 
Since no potassium minerals are found in the weathered product, the potassium must 
be carried out by the water solution.  
Feldspar itself can alter to different kinds of clay minerals under different weathering 
conditions. Smectite is an abundant clay formed by weathering in many warm and 
semi-arid climates. It is also the main clay product of  the weathering of the volcanic 
ash. Illite, typically develops from the weathering of sediments in temperature 
regions. Kaolinite, itself a weathering product, can partially dissolve to give silica in  
solution, leaving a solid residue of the mineral gibbsite. 
Some other silicate minerals, such as mica and volcanic glasses, weather in the 
same general manner.  
 
 
 

             
 

Typical soil profile developed 
on granite bedrock in 
temperate regions. The 
thickness of the soil profile 
depends on the age of the soil 
and the climate. Transitions 
from one zone to another are 
normally indistinct. 
 



 
Weathering is a chemical decay and physical fragmentation, under conditions of the 
Earth’s surface, of minerals that formed from the most part at high pressures and 
temperatures in the interior of the Earth.  Such minerals as feldspar dissolve partially 
after reacting with air and water, leaving a solid residue of clay. Other minerals such 
as calcite and some mafic minerals, dissolve completely. The break down of rock 
masses to fragments ranging from boulders to clay is the result of chemical 
weathering combined with the forces of physical disintegration. The intensity of 
weathering depends upon climate, tectonics, original rock composition, and time. 
Given enough time, factors other then climate are relatively unimportant. The 
weathering process produces the clays of the world, all soils, and the dissolved 
substances that are carried by rivers to oceans. The salt water of the ocean and the 
chemical sediments on the see floors are themselves end-products of chemical 
weathering of the surface of the continents. 
 
 
 

         
                    a)                                           b)                                           c) 
 
 
Majior soil types.  

(a) Pedalfer  soil profile developed on granite in a region of high rainfall. The only 
mineral materials in the upper part of the soil profile are iron and aluminum 



oxides and silicates such as quartz and clay minerals, all of which are very 
insoluble. Calcium carbonate is absent. 

(b) Pedocal soil developed on sedimentary bedrock in a region of low rainfall. The 
A-zone is leached, the B-zone in enriched in calcium carbonate precipitated by 
evaporating soil waters. 

(c)  Laterite soil profile developed on a mafic igneous rock in a tropical region. In 
the upper zone, only the most insoluble precipitated iron and similar oxides 
remain, plus occasional quartz. All soluble materials, even including relatively 
insoluble silica, are leached; thus the whole soil profile may be considered to 
be an A-zone directly overlying the C-zone.  

 
 
Erosion. 
 
This process is a part of the process of denudation which involves the wearing away 
of the land surface by the mechanical action of the transported debris. The agents of 
transportation are by themselves only capable of minute wearing action upon the 
rocks but when they contain particles of weathered material they become powerful 
agents of destruction. 
 
Cycles of erosion. 
 
Various stages in the erosion of the region are regarded as parts of a “cyclic” 
process.  
Ideally the cycle begins with uplift to a land surface, followed by initiation and 
development of the relief, and finally disintegration of the relief and initiate planation. 
Further uplifts cause the cycle to recommence. It is very likely that compete planation 
is never achieved, uplift occurring in almost any stage in the cycle. In certain 
circumstances traces of any earlier cycle may be preserved even after several later 
cycles of erosion have operated. 
The normal cycle of erosion is developed in temperature climates by the action of 
rivers. The end stage of planation is termed a peneplain. In arid and semi-arid 
climates the fin al stage is the pediplain. In some areas it is possible to recognize 
features of both planationand pediplanation, suggesting that changes in climatic 
regime have occur. 
All the processes operating in the various cycles of erosion tend to reduce the releife 
of the continent and inevitably result in isostatic readjustment.  
 
Long profile of river.  
 
The long profile of a river is a curve which may be drawn as a graph on which height 
of land is plotted along the Y-axis against distance from the source along the X-axis. 
The curve can be represented by a formula of the type  y = a  log x + K. It is 
asymptotic towards the base level which is usually the sea in a mature river. 
The river profile of a new emergent stream is irregular, the gradient being interrupted 
by waterfalls, rapids and lakes. Each one of these irregularities acts as a temporary 
local base level and the long-profile appears as a series of arcs. As the river matures 
these irregularities are eradicated – the lakes are in-filled and the rapids and 
waterfalls worn back and reduced – until, in theory, the ideal curve is achieved in old 
age, although this condition is very rarely, if even, attained. 



Should rejuvenation take place, the whole of the long-profile will be elevated. 
Adjustment will then proceed from the point of elevation towards sea level, and 
regress towards the source. This point of elevation will become a temporary local 
base level for the profile above this point This junction of two profiles is called the 
(k)nick point , which will migrate upstream as adjustment proceeds, until the ideal 
profile is attained or a second   
Rejuvenation takes place. This state of affairs would involve three profiles and two 
knick points, and so on. 
The transverse profile of a valley can also be important, as in comparison between 
the U-shaped cross section of a glaciated valley and the V-shaped of a newly 
initiated stream.  
 
Marine erosion.  
 
This process is responsible for wearing-back and destruction of the coast lines. 
Erosion is carried out by the sea itself acting as a “hammer” on the rock and thereby 
shattering them, but the process is reinforced when the waves are armed with rock 
fragments and when the air contained in crevices and cavities of the rocks is 
suddenly compressed b y the waves. In some areas (limestones) erosion may also 
be augmented by sea water taking material into solution. 
The course of erosion and the land forms arising from it will depend upon the type of 
rocks making up the coast line, their altitude with respect of the sea, the structural 
nature of the area, and the initial coast profile, depending on whether it is of highland 
or lowland. 
The general sequence of the events is usually started by the formation of a wave-cut 
notch in the land and this initiates the formation by the sea, of the wave cut bench or 
platform which extends inland. The bench may consist of the bare rock or it may in 
time become covered with debris of all grades. The deposit is known as the beach, 
and is a temporary feature. In many instances it is in constant movement and in time 
of severe storms it may disappear completely. If the land area is rejuvenated with 
respect to the sea, then the beach becomes “raised” above sea level. Erosion of the 
land leads to the deposition of material on the seaward side and forms a marine 
terrace so that a profile of equilibrium is approached. A marine cycle of erosion is not 
recognizable in the same sense as a fluvial one, but analogies may be drawn. In a 
“youth” stage of a marine cycle the coast line is straight with only minor indentations, 
wave action is strong, and hence the effect of both erosion and transportation is at a 
maximum. Indentations become modified into a series of bays and headlines when 
the development of a beach is characteristic. Old age occur when headlands are 
worn back and destroyed, producing a straighter coast line once again, wave action 
is minimal and wave cut bench is very wide. Thus the net effect is one of regression. 
 
 
Wind erosion.  
 
This is a process of the wearing away of exposed rocks by the abrasive action of 
particles carried by the wind. For such erosion should take place the particles must 
be of a reasonable size (approximately 1 mm minimum)and must be propelled  
against the rock surface with as high a velocity as possible. Wind erosion only occurs 
when there is an absence of vegetation and/or moisture to bind the loose soil 
together. It is thus most efficient in arid climates – deserts and semi-deserts. Under 



ordinary climatic conditions, particles picked up by the winds are too small and have 
too law a velocity to do much erosion, and it is only when the winds of Beaufort force 
6 are exceeded that sandstorms develop during  which much erosion occurs.  
Owing to the drag effect of the ground surface upon wind, the maximum velocity and 
hence maximum eroding power occurs a short distance from the ground level, 
varying from a few inches to several feet according to the local conditions. This effect 
produces some of the spectacular erosion features of many desert areas. Windblown 
sand grains are especially efficient at etching out bands of different hardness in the 
rocks. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 


