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The relevance. The issues of studying the scale of distribution and causes of engineering-geological processes in the Republic of Belarus
are positioned as one of the priority issues among the wide range of geoecological problems. Obtaining such information allows identifying
and analyzing the factors of human economic activity that impact the geological environmental state, identifying the emergence and pre-
sence of threats in urbanized territories, leading to decrease in the safety and living conditions of humans.

The aim of the research is to analyze the causes and degrees of manifestation of the most noticeable in the regional plan engineering-
geological processes occurring in Belarus.

Objects: urbanized territories, mineral extraction and processing facilities, reclaimed land, phenomena and processes resulting from engi-
neering and geological human activity.

Methods: research and classification engineering-geological processes developing on the territory of Belarus; expert and comparative
methods were used to systematize and analyze the main factors of their occurrence and development on the territory of the country, based
on the results of earlier published works and present time field investigations carried out by the authors.

Results. The author's expert evaluation and field methods of research have established that the most common factors of occurrence and
activation of engineering-geological processes in the Republic of Belarus include: land reclamation, open-pit mining and subsurface mining,
groundwater overexploitation, static and dynamic loads from structures and transport, engineering and human economic activities in urban-
ized areas, natural climatic conditions, and the genesis and composition of rocks. Engineering-geological processes and the phenomena
such as groundwater table drawdown, gravitational processes, local earthquakes, suffusion, frost heaving, flooding, and waterlogging are
identified and characterized. The spread of engineering-geological processes and phenomena has both a local character within seftle-
ments and covers vast areas of dozens of square kilometers. As a result of the study, the mapping of sources of technogenic impact on the
geological environment and the manifestations of engineering-geological processes in the territory of Belarus were compiled.
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Introduction

The study of processes occurring in the upper hori-
zons of the lithosphere in relation to human engineering
activities can ensure the safe functioning of engineering
structures and human economic activities. In this case the
subjects of research are most often earthquake and flood
which account for 50-90 % of the total number of geo-
logical disasters each year, and, to a lesser extent, land-
slides [1-3]. Most often such geological phenomena are
associated with tectonics, the nature of the relief, the im-
pact of water, climatic conditions, and are characterized
by a certain geography of occurrence. For example,
flooding results from grade lowering and it is a serious
problem in coastal cities. Flood incidence also increases
in interior basins where stream gradients are affected by
subsidence. Earthquake occurrence predominates in three
major belts: island chains and land masses forming the
Pacific Ocean; the mid-Atlantic ridge; and an east-west
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zone extending from China through northern India, Tur-
key, Greece, Italy, and western North Africa to Portugal
[4]. The research on such processes mainly focuses on the
establishment of disaster prediction models [1-3].

At the same time, various types of human economic
activity (industrial, civil, road and hydraulic engineering,
land reclamation, development of mineral deposits, etc.)
often cause not only the activation of natural, but also the
development of engineering-geological processes that
create certain dangers and cause losses to human life and
property, as well as damage to the environment [1, 5].
The latter are essentially the analogs of natural geological
processes; however, they are distinguished by a faster rate
of development, a smaller area of distribution, and in
some cases by a greater intensity and, of course, a lesser
degree of knowledge.

The manifestation of these processes is due to a number
of technogenic factors, such as the transformation of the
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conditions of surface runoff, the earth's surface, changes
in the hydraulic gradient, temperature regime, pressure
from the weight of structures, shaking, etc. Every engi-
neering-geological process has a major or determinant
factor. It should be bear in mind that the same technogen-
ic impact under different engineering-geological condi-
tions of the object can cause different engineering-
geological phenomena.

Among the engineering-geological processes in the
territory of Belarus, the most noticeable manifestation
and development have the processes: a) due to land rec-
lamation; b) arising during the creation of quarries and
construction excavations; c¢) arising during subsurface
(mines, wells) development of useful fossils; d) arising
during the construction of earth structures; e) arising in
urbanized areas (Fig. 1).
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Fig. 1. Schematic map of the sources of technogenic impact on the geological environment and distribution of engineering-
geological processes on the territory of Belarus: 1-8 — mining operations:1 — subsurface mining of potassium salt;
2—7 open-pit mining: 2 — granite; 3 — dolomite; 4 — sand; 5 — clay; 6 — sand loam; 7 — chalk; 8 — oil field develop-
ment territories; 9 — areas of intensive land reclamation; 10 — large industrial dumps; 11 — groundwater intakes in
large cities; 12 — drainage from quarries; 13 — surface subsidence; 14 — gravitational processes; 15 — in-
crease/decrease groundwater level due to land reclamation; 16 — flooding within water reservoirs; 17 — deflation (on
reclaimed land, in mine workings, industrial dumps); 18 — suffusion (in areas of mine workings, industrial dumps,
urbanized areas); 19 — decomposition of organic matter (on reclaimed land)

Cxemamuyeckas Kapma UCHMOYHUKOE MEXHO2EHHO20 B030€liCMEUs HA 2e0NI02UYeCKYI0 cpedy U pacnpOoCmpaHeHus
UHDICEHepHO-2eoN02uteckux npoyeccog Ha meppumopuu berapycu: 1-8 — copnooobuisarowas OesmenvHocmo:
1 — paspabomka Kanutineblx conei NOO3EMHbIM (WAXMHBIM) CROCObOM; 2—7 paspabomka noie3HvIX UCKONAEMbIX OM-
KpbimbiM cnocobom: 2 — epanumsi; 3 — donomumel; 4 — necku, 5 — enunvl; 6 — cynecu, 7 — men; 8§ — meppumopuu
pazpabomxu He@msnvlx MecmopodicoeHuil, 9 — patioHvl UHMEHCUSHOU Meuopayuu 3emens, 10 — kpynnvle npomwlii-
JleHHble waamoomeanvl, 11 — 60003a60pvl nod3eMHbIX 600 6 bonbLUUX 20podax; 12 — 60000MAUE U3 KAPLEPOS,
13 — oceoanue nosepxnocmu zemnu, 14 — epagumayuonmvle npoyeccol; 15 — nosviuieHue/cHudiceHue YposHs noo3em-
HBIX 800 6 pe3yabmame Meauopayuu 3emens, 16 — noomonnenue 6 npedenax 6o0oxpanunuwy,; 17 — oegpnayus (na me-
JIUOPUPOBAHHBIX 3eMIISX, 8 20PHbIX GbIPADOMKAX, NPOMBIUICHHbIX omeanax); 18 — cydosus (Ha yuacmrax 2opHvix
8bIPAGOMOK, NPOMBIUIEHHBIX OMBANAX, YPOAHUUPOBAHHBIX meppumopusx); 19 — pasnodcenue opeanuieckozo ee-
wecmea (Ha MerUoPUPOBAHHBIX 3eMJISX)

Puc. 1.
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Processes due to land reclamation

Land reclamation is one of the significant factors af-
fecting the engineering-geological situation of the territo-
ry and, as experts admit today, is not always positive. In
the conditions of Belarus, reclamation transformations
cover more than a century and are mainly associated with
the drainage of Swamps and wetlands. At present,
34,2 thousand km’ have been drained, which is about
16,5 % of the country's territory [6]. However, together
with the lands adjacent to the hydrotechnical facilities,
the reclamation impact extends to about 1/3 of the coun-
try's area.

Drainage reclamation is a powerful means of impact,
mainly on groundwater and overburden. It changes the
balance of groundwater, the recharge of which can in-
crease or decrease depending on the hydraulic connection
of aquifers. In addition, within the reclaimed lands, main-
ly created with peat soils, deflation processes are ob-
served [7].
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To a greater extent, the environmental problems associat-
ed with land reclamation were manifested in Belarusian
Polesie (Fig. 2). As a result of drainage reclamation, both the
micro-component and macro-component composition of
groundwater are changing. M.F. Kozlov et al. [8] conducted
research on one of the drained bog massifs of the Belarusian
Polesie and discovered that the total mineralization of
groundwater increased by 15-25 times in the post-
reclamation period, owing primarily to bicarbonate, calcium,
magnesium, and, at later stages of drying, sulfate. This is
caused, firstly, by the increase in the inflow of pressurized
bicarbonate calcium water. Secondly, the decrease in the ab-
sorption capacity of peat soils and Ca** and Mg®* removal.

Third, oxidation of peat organic matter and iron sulfide min-
erals, which are present in small quantities in peat. Particular
close attention should be paid to the presence of high iron
concentrations in groundwater. It leads to a decrease in the
efficiency of drainage systems due to their clogging. There is
ironification of near-surface strata of drained peatlands due
to capillary pulling of groundwater, etc.
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Fig. 2. Sites and facilities of engineering-geological processes in the south-east of Belarus. Sites of manifestation of the pro-
cesses caused by: 1 — land reclamation; 2 — oil field development; 3 — quarrying of non-metallic raw materials;

4 — mining of potassium salts; 5 — water intakes; 6 — waste dumps; 7 — urbanized territories; 8 —

lakes and reservoirs;

9 —rivers; 10 — roads: a) railways, b) highways; 11 — state border

Puc. 2. YVuacmku u ob6vexmuvl nposigieHusi UHIICEHEPHO-2e002UNeCKUX NPOYeccos Ha meppumopuu 12o-eocmoxa Benapycu.
Yuacmku nposenenus npoyeccos, obycnosnennvix: 1 — menuopayueli semens, 2 — paspadomKou Heghmanbix mMecmo-
PodrcOenUll; 3 — KapbepHoll 000bIuel HepyOHO20 Cbipbs, 4 — waxmuoll dobbIuell KaTulinblx conetl;, 5 — eodozabopamii;
6 — omearamu; 1 — ypbanusuposanuvimu meppumopusimu, 8 — ozepa u eodoxpanunuwa; 9 — pexu, 10 — oopoeu:
a) orcenesnvie, b) asmomobunvrvie; 11 — 2ocyoapcmeennas epanuya

According to the study [9], fluctuations in the concen-
tration of iron (Il, I11) in groundwater are primarily de-
termined by the level regime in the bog massifs of various
genetic types of the Belarusian Polesie. The highest
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groundwater Ievels corresponded to iron concentrations of
0,1-0,5 mg/dm®. Iron concentrations increased to 8-10 mg/dm®
and higher during low-water periods. As a result of the
deterioration of the connection with the atmosphere, the
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oxygen concentration in the upper zone of groundwater
decreases from 3,0-5,0 to 0,5-1,0 mg/dm®. This contrib-
uted to the formation of a more restorative environment,
favorable for the accumulation of iron (I1) in the waters.
Bog drainage causes a decrease in groundwater levels.
When levels drop to 1,0-1,5 m, this leads to a S|gn|f|cant

increase in iron concentration of 10-18 mg/dm and more.

Oxygen concentratlons in water reach a minimum and are
0,5-0,8 mg/dm?. The greatest increase in iron concentrations
is characteristic for lowland floodplain peatlands, which ac-
cumulate large reserves of total iron in various forms.

The abundance of organic matter in them has a great
influence on iron migration in bog waters. The organ-
mineral form of migration is of the greatest importance
for iron (111). In the waters of undrained bogs, the share of
these forms averaged 72 %, and in the surface waters of
bogs — 54 %. Such waters are capable of maintaining sig-
nificant supersaturation with respect to Fe(OH); for a
long time. After draining, a sharp decrease in the concen-
tration of organic substances in groundwater was ob-
served, accompanied by a decrease in the proportion of
organically bound iron (I11) to 39 % and an increase in
the content of the form Fe(OH)s. The degree of supersat-
uration of groundwater in terms of iron hydroxide has
aged 60-300 times, which created favorable conditions

for its precipitation at the oxygen barrier when these wa-
ters enter the drainage pipes [9].

Processes arising from the creation

of quarries and construction excavations

During open-pit mining and transport construction, a
large number of excavations appear, which causes signif-
icant changes in the relief, surface and underground run-
off, the stress state of soil massifs, conditions of heat and
mass transfer in the upper layers of the soil, etc.

A striking example of the activation of landslide pro-
cesses is the Gralevo dolomite quarry. It is located on the
left bank of the Western Dvina in the Vitebsk district and
occupies an area of 0,39 km?. The thickness of overbur-
den reaches 20 m or more. They are mainly represented
by moraine sandy loamy, loamy soils, and alluvial sands.
The confinement to overburden soils of the underground
aquifer, the weatheredness of moraine deposits, and a
significant steepness of slopes (up to 50°) caused wide-
spread development of landslides (Fig. 3). In dolomite
rocks on the slopes there are lateral fissures, the density
and strength of the rocky mass decrease, which leads to
the formation of scree and rockfall. Drilling and blasting
operations, which are often carried out in the quarry, also
contribute to their development [10].

Fig. 3. Southern wall of the Gralevo open pit for dolomite mining with numerous rockfall-landslide areas (May 2010). Photo

by A.N. Galkin

Puc. 3. FOxcnviii 6opm kapwvepa «I panesoy no 006viye 00I0MUMOE C MHO2OYUCTEHHBIMU 008ATbHO-0NON3HEGbIMU YIACMKA-

mu (mait 2010 2.). @omo A.H. I'ankuna

In Belarus, gravity processes are widespread in almost
all mining excavations, but they differ in type, shape, and
volume of displaced masses of rocks (Fig. 4) [10].

Concentrated water withdrawal is part of the techno-
logical process often used in open-pit mining. Drainage
from quarries leads to the formation of depression fun-
nels, the area of which can reach dozens of square kilo-
meters. As a result, groundwater levels drop and small
rivers and reservoirs dry up. For example, in the Mika-
shevichi open- p|t the permanent drainage often exceed-
ed 60 thousand m 3/day, and the maximum value reached
430 thousand m*/day and more. This led to a lowering

of the groundwater table by 3,5-11,0 m, and the zone of
influence extended to a distance of up to 3 km. The nat-
ural chemical composition of groundwater has changed,
and two small rivers in the zone of influence of the
quarry have dried up [11].

Zone of influence of concentrated water withdrawal in
the amount of 370 thousand m‘/day from the quarry
Gralevo spread over a distance of 10-12 km. Within its
boundaries, there was a decrease in groundwater levels,
which led to a change in the low-water runoff of the river
Vitba and the failure of water wells near located rural set-
tlements [10].
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Fig. 4. Gravitational processes in the sides of the quarries: a) talus in the Leskovichi quarry for sand extraction (Shumil-
insky district, 2008); b) talus in the Mikashevichi quarry for the extraction of granite (Luninetsky district, 2010);
c) landslide in the open pit «Khmelevskie ponds» for sand extraction (Minsk district, 2015) [10]

Puc. 4. I pasumayuonnvle npoyeccol 6 6OPMax Kapbepos: a) 0Cbinu 8 Kapbepe no 000blue cmpoumenbHo2o necka «Jleckosu-
yuy (Iymununckui paiion, 2008); b) ocvinu 6 xapvepe no dobwiue epanuma «Muxawesuyuy (Jlynuneyxutl patiow,
2010); c) ononsens 6 necuanom kapvepe «Xmenesckue npyooy (Munckuil pation, 2015) [10]

Processes caused by subsurface mining

and water withdrawal

Regional changes in engineering-geological condi-
tions can also be observed during subsurface mining or
during the withdrawal of water for water supply to large
settlements [12-15]. There are a number of artificial and
natural causes for ground subsidence. Short- and long-
term conversion of underground burning coals to clinker
results in a significant volume loss that can lead to sub-
sidence. In other mining areas, trimming of mine pillars
can cause their failure, inducing subsidence of overlying
geologic materials. Withdrawal of petroleum in many
sedimentary basin units results in surface subsidence
when proper reservoir pressure management (e.g.,
secondary water-flood or tertiary fluid pressure support)
is not applied [16]. Thus, during the development of
minerals by the subsurface method, large cavities are

206

formed, which often leads to deformations on the earth's
surface. These are the so-called deflection troughs or
sinkholes. They began to form on the territory of the re-
public relatively recently and began to appear in the areas
of subsurface development of potash salts of the Staro-
binsky deposit (Soligorsk region), oil deposits (Rechitsa
region) and large water intakes (Fig. 2).

The most noticeable sinkholes are found near
Soligorsk. The total area covered by the deflection
troughs is more than 200 kM2 with a depth of 4,0-4,5 m.
The steepness of the slopes is close to 3-4°. The
combination of factors including surface subsidence,
shallow groundwater table (from 0 to 2,0-4,0 m), well-
developed engineering and reclamation system, numerous
shallow reservoirs (lakes, ponds) with water surface area
up to 0,01-0,03 km", large Soligorsk reservoir, led to the
processes of waterlogging and swamping [17-19] (Fig. 5).
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Fig. 5. Scheme of subsidence of the earth's surface in the
territory of the Soligorsk industrial region:
1 — isolines of actual subsidence of the earth's
surface; 2 — tectonic faults. Adapted from [20]

Puc. 5. Dpacmenm xapmocxemvl 0cedanust 3eMHOU NOGeEPX-
Hocmu na meppumopuu Conucopckozo npomviui-
JIeHHo20 pationa: 1 — uzonunuu ghaxmuieckoeo oce-
OaHuUsi 3eMHOU NOBEPXHOCMU; 2 — MeKMmOHUuecKue
paznomvl. Adanmupoearo no [20]

Surface subsidence from fluid extraction is a common
phenomenon and probably occurs to some degree in any
location where large quantities of water, oil, or gas are
removed. Short-term detection is difficult because surface
movements are usually small, are distributed over large
areas in the shape of a dish, and increase gradually over a
span of many years [4].

The amplitude of subsidence over the exploited oil
fields of Belarus is no more than 1 m. It was found that
within such areas in the Pripyat Trough, ground surface
subsidence can reach up to 10 mm/year [19].

Ground subsidence due to groundwater withdrawal
occurs when groundwater is withdrawn from an aquifer
faster than it can be replenished [16]. Lowering the
groundwater level reduces the buoyant effect of water,
thereby increasing the effective weight of the soil within
the depth through which the groundwater has been
lowered [4].

Water intakes of large cities in Belarus have a serious
and growing impact on the subsidence of the earth's
surface [21]. This influence is most noticeable in the
Minsk region, which is characterized by the maximum
water withdrawal in the republic. So, for example, at the
Novinki water intake, the long-term operation of
groundwater led to the subsidence of the earth's surface
by more than 0,5-0,6 m. As in the case of water
withdrawal in mining by quarrying, the exploitation of
groundwater at water intakes leads to a change in the
hydrogeological situation. Basically, the chemical
composition and groundwater recharge change, and
depression funnels are formed. At water intakes in river
valleys with a hydraulic connection between groundwater
and surface water, 50 to 90 % of the water received at the
water intake is provided by the river. The impact of the

water intake leads to reduction in the river flow and a
decrease in the groundwater table towards the watershed
at a distance of 1-2 km. In shallow aquifers, a
groundwater regime is formed due to overflow, and the
zone of influence extends to 2-6 km [21, 22].

For deep-lying layers, a transient filtration regime is
characteristic during operation. Here, the resulting
production rates are provided by the resources of the
reservoir itself. In this case, the radius of depression of
the piezometric surface of the horizon reaches 10-15 km.
As the difference in the heads of the exploited and
adjacent horizons increases, overflows form from the
latter, which serve as additional sources of power for the
exploitable reserves, which often leads to a change in the
chemical composition of groundwater [21, 22].

Processes arising during the construction of earthworks

The creation of embankments, dams, dumps leads to a
violation of the existing natural balance due to high pres-
sures transmitted over a large area. This entails inhomo-
geneous deformations with the formation of alternating
depressions and shafts, landslides, rockfalls, changes in
the relief of the territory, the manifestation of seismic
phenomena, violation of the surface runoff regime, water-
logging, etc.

So, for example, in the overburden dumps of the
Gralevo dolomite quarry, there are often landslides. Most
of them are relatively small in size. But sometimes land-
slides cover large areas. So, in November 1998, due to
frequent rains in the direction of the bridge over the river
Western Dvina slipped a vast mass of land, which had a
diameter of about 70 m with a displacement height of up
to 10 m. This landslide displaced about 20 thousand m? of
soil. As a result, private buildings located near the dumps
were destroyed [7].

Long-term operation of the Gomel Chemical Plant led
to the creation of phosphogypsum dumps on an area of
0,9 km? a height of 60-70 m and a weight of over
21,3 million tons [6]. Dumps are comb-shaped and plat-
eau-shaped. The dumps significantly change the surface
topography, transforming its natural state and morphome-
try (Fig. 2; Fig. 6, a). The storage of wastes from the pro-
duction of phosphorus fertilizers caused a significant rise
in the level of groundwater and, as a consequence,
swamping of areas adjacent to the chemical plant at a dis-
tance of up to 1 km.

In the Soligorsk mining region, the storage in dumps
of large volumes of potash production wastes (over 1 bil-
lion tons of halite waste on an area of more than 5 km?)
over underworked mine fields due to a violation of the
isostatic equilibrium in the earth's interior has caused
man-made earthquakes (Fig. 2; Fig. 6, b). Such earth-
quakes in the Soligorsk region are recorded up to a hun-
dred per year, and some of them reach 4-5 points [23, 24].

Processes occurring in urbanized areas

The existence of any city in itself presupposes chang-
es in the geotechnical environment of the territory where
it is located. Currently, on the territory of Belarusian cit-
ies, a whole complex of engineering-geological processes
is sufficiently developed, among which there are the pro-
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cesses caused by static and dynamic loads from structures
(industrial and residential) and transport, suffusion, frost
heaving, flooding, etc.

The development of multistorey buildings in the cities
of Belarus leads to a significant increase in static loads on

a

the rocks, the value of which can be anywhere from 0,5 to
2,0 MPa. Soil compaction and a decrease in its moisture
content occur in the zone of active compression at a depth
of up to 30 m or more, which can lead to the settlement of
engineering structures.

Fig. 6. Transforming of the natural surface topography: a) phosphogypsum dumps of the Gomel chemical plant (October
2020); b) salt dumps of the JSC «Belaruskali» (October 2020). Photo by O.V. Shershnev

Puc. 6. Tpancghopmayus ecmecmsennoco penvegha: a) omsanvt pocgoeunca I omMenbeko2o0 XUMULECK020 3a600a (OKmsabps
2020); b) coneomsanvr OAO «Benapycokanuiiy (okmsabps 2020). @omo O.B. lllepunésa

Soils of different composition, genesis, and state react
differently to stress. For example, the deformations of the
foundations of structures, represented by lacustrine-
glacial clay deposits, are distinguished by significant un-
evenness. This is evidenced by the experience of con-
struction in Vitebsk, Polotsk, etc. Thus, in the residential
building under construction on Moskovsky Avenue in Vi-
tebsk, after two years of conservation, deformation of the
foundation wall blocks occurred, expressed in the for-
mation of cracks with an opening width of up to 50 mm.
This occurred as a result of the destructuring of the foun-
dation soil caused by uneven watering and the various
physical and mechanical properties of the sandy loam un-
derlying the foundation.
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Dynamic loads affect soils in different ways, depend-
ing on the peculiarities of their composition and structure,
as a result of which loose underconsolidated soils are
compacted (with a density of less than 0,6) and the struc-
ture of thixotropic soils is disturbed. Dynamic loads on
the ground are transmitted as a result of vibration during
vehicle movement, the action of construction and other
shock-vibration mechanisms. Deformations of founda-
tions and wall structures in Vitebsk quite often occur in
buildings and structures located along streets with heavy
traffic. These deformations are especially intense in
buildings built on the soils of the cultural layer, which are
characterized by low strength and increased compressibil-

ity (Fig. 7).
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Fig. 7. Building of the first power station in Vitebsk (1897-1898) along Frunze Avenue in the historic part of the city and
cracks in wall structures resulting from vibrations during the movement of urban transport (2016) [25]

Puc. 7. 30anue nepsoii ¢ Bumebcke anexkmpocmanyuu (1897—-1898 ee.) na npocnexme @pyuse 6 ucmopuueckoil vacmu 2opo-
0a u mpewuHvl 8 CMEHO8bIX KOHCMPYKYUSX, 00pa306asuiuecs 6 pesyiomame subpayul npu OBUNCEHUU 20POOCKO20

mpancnopma (2016 2.) [25]

One can observe suffusion on the territory of many
settlements of Belarus due to technogenically disturbed
hydrodynamic regime. Quite often, it manifests itself
along the routes of underground utilities in soils that are
not uniform in grain size distribution, causing the for-
mation of craters on the surface of the earth (Fig. 8). This
process can also begin in filled up large ravines as they
continue to serve as natural drains.

Construction on relatively steep slopes (creation of
pits, long-term zero cycle work) can contribute to the ac-
tivation of suffusion both in terms of creating conditions
for unloading and in terms of the formation of large pres-
sure gradients of the filtration flow due to the unhindered
entry of atmospheric precipitation into the strata.

Frost heaving is quite widespread. Especially in the
northern regions of the country. It occurs due to volumet-
ric deformations of clay, silty and fine sandy soils during
their freezing (the volume of soil increases by 10-20 %)
and manifests itself mainly in the form of deformations of
the asphalt pavement, as well as buildings and structures.
This process is especially dangerous for the foundations
of structures and engineering communications, laid above
the base of the active layer (Fig. 9).

Their composition has a great influence on the depth
of freezing of soils. So, inclusions of organic matter with
low thermal conductivity significantly reduce the depth of
freezing. Lowering the level of groundwater, removing
snow cover and other processes increase the depth of
freezing. However, the shallow occurrence of groundwa-
ter contributes to the inflow of moisture to the freezing
front, which activates the heaving process.

The process of raising the level of groundwater is typ-
ical for many cities in Belarus, up to the flooding of resi-
dential buildings and industrial facilities. The reasons for
flooding are varied. This is also a change in the existing
surface topography, which determines the surface runoff
(construction of embankments, dams); destruction of the
existing hydrographic network (elimination of small riv-
ers and streams, canalization of rivers, backfilling of ra-
vines, etc.); silting and littering of natural drains; reser-
voir construction; shielding the earth's surface by build-
ings and asphalt; loitering with buried structures and
structures of the underground stream; leaks from water-
carrying communications and dumping of technogenic
soils with poorly water-permeable and impermeable lay-
ers, etc.

Flooding processes are widespread in many settle-
ments in Belarus. For example, the area of flooding in
Gomel reaches 30 km?, including up to 50 % of residen-
tial buildings. Settlements in the country can be grouped
into several categories depending on their proneness to
flooding. The first category includes such settlements as
Minsk, Bobruisk, Svetlogorsk and Stolbtsy. They are in
the zone of local flooding and require preventive
measures. The second category includes settlements that
are in the zone of probable flooding area and require cer-
tain technical measures for protection. Such settlements
include the cities of Gomel, Brest, David-Gorodok, Turov,
Mogilev, Bykhov and Zhlobin. The cities of Vitebsk,
Polotsk, Verkhnedvinsk, Soligorsk and Pinsk are in the
zone of active flooding and are referred to the third group
of cities requiring engineering protection [7].
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Fig. 8. Deformations of sidewalks and highways caused by suffosion: a) in Vitebsk near the Summer Amphitheater (2012);
b) in Minsk along Mogilevskaya street (2014); c) in Gomel near the Ice Palace (2013); d) in Zhlobin near gymnasium

no. 1 (2014) [10]

Puc. 8. [lepopmayuu mpomyapos u asmomoOuibhulx 0opoe, evizgannvie cygdosueil. a) 6 Bumebcke sonuszu Jlemnezo am-
Gumeampa (2012); b) 6 Muncke no ynuye Mozunesckoii (2014); ¢) ébausu Jleoosozo osopya ¢ Iomene (2013); d) ¢

JKnobune 60nuzu cumnazuu Ne 1 (2014) [10]
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Fig. 9. Cracking in a residential building on the Lenin
street, 101 in Liozno (Vitebsk region) as a result of
heaving of moraine soils (2005) [10]

Puc. 9. Tpewunoobpasosanue na 30anuu HCUL020 00Md no Y.

Jlenuna, 101 6 2. Jluosno Bumebckoil obnacmu 6 pe-
3ybMame nyyeHusi MopeHHwix epyumos (2005 2.) [10]
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As a result of technogenic waterlogging of soils, their
strength and deformation characteristics change. For ex-
ample, the decrease in the angle of internal friction may
reach 10-15 %. There is a 2,0-2,5 times decrease in the
cohesion intercept of the soil, and the modulus of defor-
mation may decrease by 2,0-3,5 times. Several examples
can be cited as accidents that happened for this reason.
Thus, in the building of the joint-stock company Tech-
nopark Mogilev in Mogilev, due to uneven deformations of
the base because of flooding, inclined and vertical cracks
formed along the load-bearing walls, the basement of the
building was filled with groundwater. Reinforcement of the
outer walls with strained steel straps was carried out, sys-
tematic control of the behavior of underground and above-
ground structures of the building was established [10]. In
the town of Bykhov in the Mogilev region, in the building
of the Belagroprombank branch, due to soaking of the base
soils and uneven settlements, vertical cracks exceeding
20 mm appeared on the inner bearing wall. The repair work
did not stop new cracks from appearing [7]. The flooding
of urban areas and the often accompanying chemical and
bacterial contamination, increasing temperature and ag-
gressiveness of groundwater can lead to the destruction of
the body of the foundations, corrosion of reinforcement
and concrete, and leaching of lime mortar from rubble
foundations. Such processes are observed almost every-
where in the buildings of the old layout.
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Conclusions

Engineering-geological processes, which are wide-
spread on the territory of Belarus, are the most active and
most powerful factor in the development (or transfor-
mation) of engineering-geological conditions at the pre-
sent stage. They are also a factor that changes the engi-
neering-geological conditions of both large areas and lo-
cal areas.

Various types of engineering-geological processes
caused by human economic activity have been estab-
lished in the Republic of Belarus: 1) groundwater table
depletion as a result of land reclamation and drainage
during open-pit mining; 2) landslides, rockfall and talus
actively occurring during the creation of quarries and ex-
cavations; 3) subsidence of the earth's surface during sub-
surface mining or during the direct groundwater abstrac-
tion for water supply; 4) landslides, seismic phenomena,
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AkmyanbHocmb. Bonpocbi u3yyeHusi Macwmabos pacnpocmpaHeHust U NPUYUH BO3HUKHOBEHUS UHXEHEPHO-2€0/102U4ECKUX NPOUECCO8
8 Pecnybnuke benapycb NO3ULUOHUPYIOMCS 8 Kayecmee 0OHUX U3 NPUOPUMEMHbIX cpedu WUPOKO20 CNeKMpa 2e03KOM02UYECKUX Npo-
6nem. MonyyeHue makol uHGhopMayuu no3gossem ebideiums U NPoaHanu3upogamb hakmopb| 8MusHUS X03slcmeeHHol 0esmesnbHO-
CMu Yenogexa Ha cocmosiHue 2eonoaudeckoll cpedbl, 8bISBUMb BO3HUKHOBEHUE U Hailu4ue yepo3 Ha ypbaHu3uposaHHbIX meppumopusix,
NpUBOAALUX K CHLXKEHUI0 6630NacHOCMU U Ka4ecmea KU3HU HacesieHus!.

Uenb: aHanu3 npuyuH B03HUKHOBEHUS U CMENEHU NposieieHusi Haubonee 3aMemHbIX 6 PEe2UOHaNbHOM NaHe UHXEHEpPHO-
2€0/102U4ECKUX NPOLECCO8, NPOUCXO0SUX Ha meppumopuu benapycu.

06Bekmbl: ypbaHU3Upo8aHHble meppumopuu, 06bekmbi 000bIMU U nepepabomKu NOMe3HbIX UCKONaeMbIX, PEKYIbMUBUPOBaHHbIE 3eM-
11U, 518M1EHUSI U NPOUECChI, BO3HUKaOWUE 8 Pe3yibmame UHXeHEePHO-2e0/102u4eckoll desimenbHOCMU Yeroseka.

Memodbi: uccnedosaHue U Knaccughukayus UHXeHepHO-2e0/102UYECKUX NPOUECCO8, Pa3gUBaroWUXcs Ha meppumopuu benapycu; ons
cucmemamu3ayuu U aHanu3a 0CHOBHbIX (haKmopos UX 803HUKHOBEHUS U pa3sumus Ha meppumopuu cmpaHs! 6bUIu UcNonb308aHb! 3KC-
nepmHbIli U cpagHUMerbHbII Memodbl, OCHOBaHHbIE Ha Pe3yfibmamax paHee onybnukogaHHbIX pabom U COBPEMEHHBIX NONEBbIX UcCre-
dosaHuti, npogedeHHbIX agmopamu.

Pe3ynbmamb1. Aemopckasi 3KkcnepmHas OueHka U nonessie MemoOb! uccredosaHusi NO38ONUU YyCmaHo8UMb, YMo K Haubonee pacnpo-
CMpaHeHHbIM (hakmopam 803HUKHOBEHUS U akmusU3ayuu UHXEHEePHO-2e0m0euYeckux npoueccos 8 Pecnybnuke benapyce omHocsimes:
menuopayusi 3emenb, paspabomka nome3HbIX UCKONaeMbIX OMKPbIMbIM U WaxXmHbIM cnocobamu, Ype3amepHbiti 600oombop, cmamuye-
CKUe U QuHamuyeckue Hagpy3Ku Om COOPYXeHUl U mpaHcnopma, UHXEeHEepHas U xo3siicmeeHHasi 0esmesibHOCMb Yenogeka Ha ypbaHu-
3UpPOBaHHbIX MePPUMOPUSIX, NPUPOOHBIE KUMamuYecKue YCrogus, 2eHE3UC U cOCmMag 20pHbIX nopod. BbiseneHb! U 0Xapakmepu3ogaHsb!
UHXEHePHO-2e0102U4ECKUE NPOUECCHI U SBIIeHUs, cpedU KOMOPbIX: CHUXEHUE YpOosHS N003eMHbIX 800, 2pagUumayUoHHbIe NPOUeCChI U
JIOKanbHble  3eMIempsiceHUs;, Cyghgho3usi, MOPO3HOE nyyeHue, 3amonsieHue U nodmonseHue. PacnpocmpaHeHue UHXeHepHO2o-
260/102U4ECKUX NPOYECCO8 U siBMeHull uMeem foKarbHbIL xapakmep 8 npedesiax HaceeHHbIX NYHKMO8, HO MakXe 0xgambigaem oBWUPHbIe
meppumopuu 6 decsimku keaOpamHbIX KUTOMempos. B pe3ynbmame uccrnedogaHusi cOCMassieHbl KapmoCXeMb! UCMOYHUKO8 MEXHO2EHHO-
20 8030elicmBust Ha 2e0/102UMECKYI0 Cpedy U NPOSIBIIEHUS UHXEHEPHO-260/102U4ECKLX NPOUECCO8 Ha meppumopuu benapycu.

Knioyesnble cnosa:
UHXeHepHO-2e0/102U4eCKUEe NPOUECCHI, OCYLIUMENbHas Menuopayus, Nod3emHbie 800k, Kapbepbl, Waxmbl,
omearbl, ypbaHu3uposaHHbie meppumopuu, Oeghopmayuu 30aHull.
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