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IMPROVEMENT OF THE ENGINEERING PROTECTION
SYSTEMS OF THE KYIV-PECHERSK LAVRA
RESERVE TERRITORY

Introduction. The territory of the Kyiv-Pechersk Lavra reserve is located in difficult engineering and geological condi-
tions on the right-bank slopes of the Dnieper River valley and adjacent areas of the loess plateau. The stability and
preservation of Lavra’s objects is ensured by special systems of engineering protection (retaining and water-regulating
structures).

Problem Statement. Most of these structures were built in different periods and did not always have proper justifica-
tion and configuration. With the development of the Reserve, the conditions have changed for their operation, thus, there
is a need to review their effectiveness as protective structures and to improve them.

Purpose. Determination of feasibility, adequacy, efficiency, and condition of engineering protection systems of the Re-
serve to improve them and to prevent emergencies.

Materials and Methods. The scheme of engineering protection of the territory (scale 1:1000); the plan of the current
state of the Reserve (scale 1:1000); data of engineering and geological surveys, historical and archaeological materials are
used. To determine the condition of engineering protection objects, field observations have been carried out (installation
of marks, photo fixation). To assess the stability of the Reserve, mechanical and mathematical principles of engineering
geology have been used in conjunction with the approaches of system analysis and the theory of engineering and geologi-
cal similarity.

Results. The landslides in this area have been established to be caused by active erosion of the right bank of the Dnie-
per River, significant amount of earthworks during the construction of the Pechersk fortress in the 17""—18" centuries, as
well as by engineering structures that are inadequate to the scale and nature of geological processes and by their low
efficiency.

Conclusions. Improvement of engineering protection systems implies raising the level of their maintenance, combining
the maintenance works with the landscaping and gardening activities, establishing a monitoring system, and taking into
consideration the seasonality and abnormality of hydrometeorological processes. The implementation of the obtained R&D
results will raise the effectiveness of engineering protection systems for the protection and preservation of objects of the
Reserve.

Keywords: engineering and geological conditions, landslide, gaps, suffusion, engineering protection, strengthening
of the slopes.

The formation of National Kyiv-Pechersk His- | the UNESCO list) took place since 10" century
torical and Cultural Reserve (hereinafter referred | on the steep slopes of the Dnieper valley and the
to as the Reserve) as historical and architectural | adjacent areas of the forest plateau. The Reserve
ensemble, the World Heritage Site (No. 527 on | being located between the Spassky (Pankratievs-
ky), Lavra, and Zalavrsky Ravines, the engineer-
© DEMCHYSHYN, M.G,, and KRIL, T.V,, 2019 ing geological conditions of the area are compli-
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cated by periodic activation of geological pro-
cesses. In order to ensure the stability and reliable
exploitation of religious buildings in the Lavra
area, the slopes as well as the right bank hills of
Kyiv, in general, were reinforced throughout cen-
turies. In particular, in his PhD work, I.M. Ky-
rychko [1] has noted that despite engineers tried
to control landslides since ancient times, anti-
landslide structures were constructed from time
to time. Periodic destruction of buildings and
rock slides on the slopes were remedied without
taking into account the causes of landslides and
engineering geological parameters of the hills.

In archived historical and geological studies, as
well as in newspapers and journal until the early
19 century, there were extremely rare descrip-
tions and historical data on the progress of land-
slides and efforts to control them in Kyiv, while
information available in other literary sources is
not sufficient.

In the last centuries, the Dnieper slopes have
been reinforced by doing periodical landscaping
works, constructing retaining walls, drainage,
and various artificial structures. Over the past
decades, Kyivproject, InzhProject, and State Re-
search Institute of Civil Engineering Structures,
have been designing the anti-landslide works for
engineering protection of Lavra, while Special-
ized Administration for Anti-Landslide Under-
ground Works has been providing supervision
and repair works.

At the same time, there have been reported nu-
merous cases when landslides, sinks, and other
exogenous geological processes (EGP) are caused
by construction of engineering structures for pro-
tecting the territory or by unsatisfactory opera-
tion of the territory. Thus, within the period of
observations, from 1939 to nowadays, the share
of tunnel drainage systems (TDS) in the develop-
ment of EGP on the slopes reaches 19% and is
the highest among all manmade factors that af-
fect these processes. However, despite continu-
ously increasing number of protective structu-
res, the development of various EGP has not stop-
ped. Moreover, a considerable number of land-

slides has been caused by the construction and
operation of the TDS [2—4].

Assessing the reasonableness, adequacy, effi-
ciency, and status of the Reserve’s engineering
protection systems will improve the engineering
systems for protecting the Reserve’s territory,
preserving the world-class cultural heritage, and
preventing emergencies.

In this research, the historical materials and
materials of archeological researches concerning
the central historical part of Kyiv, as well as the
status of this territory in the past have been stu-
died; the territory and structures located there
(in particular, the retaining and drainage facili-
ties) have been surveyed in order to compare
their current condition with previous situation.
The territory has been analyzed based on topo-
graphic materials at a scale of 1: 1000 and 1: 500
for some sites, using engineering and geological
survey data, based on which changes in the out-
lines of ravine systems have been identified. Using
the published materials [5—8] and the materials
of the general schemes of anti-landslide measures,
the time and nature of gravitational soil displace-
ments on the edges and depression lines of the
Spassky (Pankratievsky) and the Lavra ravine sys-
tems have been established.

Also, the hydrogeological conditions of the Re-
serve’s territory have been studied based on the
data of multi-year observations of water table in
hydrogeological wells, taking into account the ma-
terials of geophysical researches carried out wit-
hin the framework of project [2]. The specific
features of relief, hydrography, and vegetation,
which are required for arranging the surface wa-
ter discharge, improving the territory, reinfor-
cing the building foundations, and ensuring an
engineering protection of the territory have been
analyzed.

GEOLOGICAL PRECONDITIONS
FOR THE FORMATION OF THE RESERVE’S TERRITORY

The engineering and geological conditions of
the Reserve on the slope sections from Askold's
Grave Park to the Navodnytsky Ravine are re-
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garded as complicated. To the foot of the riversi-
de hill there adjoins a narrow (50—100 m) tract
of the Dnieper floodplain terrace. It is covered
with displaced formations, ravine alluvium, and
present-day anthropogenic formations on which
Naberezhne Highway is constructed. The slope
height above the normal banked-up water level of
the Kaniv Reservoir (91.5 m) is more than 100 m,
its average steepness is 23—26°. In this section of
the slope, there are large ravine systems: Zalavr-
ska, Lavra, and Spasska (Pankratievska) ones,
which partition the hill from the upper edge to
the water cut in the Dnieper [3, 9].

Structurally, this site belongs to the Pechersk
anticlinal elevation and, from surface downward,
consists of loess (up to 15 m) under which there
are sandy and clay rocks of the Dnieper glacial
anthropogene complex. The hydrogeological con-
ditions of the Reserve’s territory are determined
by the aquifers in the Quaternary eolian-deluvial
and lacustrine-glacial deposits on the plateau (the
Upper Lavra), in the Quaternary deluvial soils on
the hills, and in the Oligocene (Kharkov) sands.
The deep (up to 80 m) Lavra ravine divides the
Reserve into two almost equal parts, the Upper
and the Lower Lavras [3]. The monuments of ar-
chitecture of the Upper Lavra are located within
the boundaries of the Kyiv loess plateau with ele-
vations of 170—198 m. The Lower Lavra located
on the slopes of the Dnieper and the Lavra ravi-
ne stands on brown and mottled clays and sands
of the Newpetrovska and Mezhigirska rock for-
mations.

Before the foundation of Kyiv and the start of
intensive development of the Dnieper hills, here,
according to the chronicles, "... there were a large
forest and a pinewood..." [10], as a result of the
natural development that took place in the Holo-
cene and ensured the natural stability of the ter-
ritory and the control of EGP, in particular, ero-
sion and gravity-driven processes.

The first impacts on the natural state of the
rock massif of this territory were associated with
the construction and development of caves (in the
10 century). The cave location was determined
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by the geological structure of the hills, i.e. out-
cropping of sandstones of the Poltava rock for-
mation. As a result of the natural development,
the formed niches were used as a place of refuge
for pilgrims and other people. The Far (Varan-
gian) and the Near Caves formed in the Poltava
rock formations ("weak" sandstones) on the right
and left sides of the Lavra ravine, respectively,
with absolute elevations of 140—145 m and a to-
tal length of more than 500 m, are especially im-
portant in historical terms.

With the adoption of Christianity, the caves
became a place of residence of the monks, as well
as a place of their burial. Since that time, they
have undergone many landslides, especially, in
the Near Caves after the earthquake in 1620. To-
day, as a result of accidental leakages from water
pipes and improper surface water discharge sys-
tems, the soil massif on which the caves are lo-
cated has been waterlogged. This leads to numer-
ous collapses of vaults, destruction of brickwork
and sinks of soil from the walls. So, in the spring of
2002 and in December 2003, long-term discharg-
es from the water supply pipes led to collapsing a
vault in the Near Caves. The sink was about 3 m?
[2, 3]. Today, the caves are a place of destination of
pilgrimage and listed in the historical and archi-
tectural monuments of Ukraine and the world.

Subsequently, there were constructed the As-
sumption Cathedral (1073), the St. Anna Con-
ception Church at the entrance to the Far Caves
(1679), and so on.

Since the beginning of the 10th century, as the
first settlements on this territory appeared, Kyiv
Dukes were expanding their residences in the vil-
lage of Berestovo. Naturally, in everyday life and
for construction purposes, people used wood and
took it as close as possible, from the hills of the
Dnieper valley. By the 12"—13™" centuries, the
forest devastation and intensive earthworks on
the slopes had activated EGPs, in particular, ra-
vine erosions and landslides, with all these pro-
cesses taking place in close paragenesis.

In addition to meteorological conditions and
geological structure, the formation of this terri-
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tory, from the Spassky to the Navodnytsky Ra-
vine and Vydubychi, and, in particular, the deve-
lopment of the EGPs, are affected by tectonics,
hydrology, and changes in the hydrological con-
ditions, especially via an active influence of the
stream from the left Dnieper arm (Desenka (Chor-
toryi)), which ran exactly on the right side of the
Lavra Ravine and changed its course after the clo-
sure at the mouth of the Desna River.

The Dnieper River valley in this part was for-
med with a clearly defined right asymmetry as a
result of the merger of the mainstream and its left
tributary, the Desna River (Fig. 1). The power
stream from the Desenka River filled with the
Dnieper waters came to this territory and acti-
vated here the changes in the bank lines.

In 1850, because of the need to change the hy-
drological conditions of the Dnieper River near
Kyiv, across the Desenka (Chortoryi) River there
was built a dam near the mouth of the Desna Ri-
ver, to direct the mainstream along the western
arm in order to improve the navigation condi-
tions. On the one hand, it had a favorable result,
while, on the other hand, it resulted in washing
out the alluvial cones that were counterforces for
the ravine alluvium laying higher, on the hill.

LAVRA ENGINEERING PROTECTION STRUCTURES

The engineering protection buildings for re-
taining the soil masses, draining and removing
the surface and ground waters were constructed
in the 16*"—18" centuries [3]. Fig. 2 shows a wide
system of earthworks, stone and brick fences, re-
taining walls, underground drainage galleries
and tunnels built at different times and for differ-
ent purposes in the Reserve’s territory. These en-
gineering structures had a defensive purpose or
were used to develop the territory during the
construction or shaping of relief. Subsequently,
some of them lost their original functions and
were converted into fences. As the slopes of the
Lavra ravine and adjoining territories were ac-
tively built-up, and the religious buildings were
restored and reconstructed, in the last century,
the retaining stone walls were erected for the re-

inforcement of slopes and the formation of hori-
zontal platforms (terraces) for the construction
of buildings.

Within the Upper Lavra, the retaining wall
with a site, structure No. 30a (Fig. 2, 4), ensu-
res the operation of buildings Nos. 29, 30, and 86.
It was erected in the 18 century. in order to cre-
ate a horizontal platform at the level of the As-
sumption Cathedral, the Belfry, and the Metro-
politan's House. The formed terrace was used as
an observation deck where, in 1883, an icon-pain-
ting school and workshop (building No. 30) were
built. The maximum height of its separate sec-
tions is 13 m. Today, the wall is in unsatisfactory
condition (there are many places with dense
crack patterns) and needs to be repaired (rein-
forcement and restoration of the lining).

On the left side of the Lavra ravine, at the ent-
rance to the Near Caves, the wall of Daniel de
Boskette, structure No. 77 (Fig. 2, 6), forms a
space for the engineering structures — buildings
Nos. 36, 41, and 48. The wall is up to 150 m long
and up to 20 m high, has a good architectural
design with a rotunda; the width of the wall is
about 6.0 m, at the top, and about 8 m, at the bot-
tom. It was designed by military engineer Daniel
de Boskette, in 1744—17438, to stabilize the EGPs
on the hills, which got intensified as a result of
interference in the natural environment: the de-
vastation of forests and the failure of surface and
underground drains. Probably, the wall was built
not only for retaining the slope, but also for form-
ing a terrace for the placement of religious buil-
dings, in particular, the Church of the Exaltation
of the Holy Cross (1700) and the entrance to the
Near Caves (building No. 41, 1751). In 2012, the
de Bosquet wall had numerous surface damages
of the lining (about 40%) and vertical cracks.

The de Bosquet Wall is an architectural mo-
nument of Ukraine (No0.893/71-Kg). Today, as
compared with 2012, the external wall lining has
been restored, the wall is equipped with a system
of advanced geodetic control sensors; the Reser-
ve employees have been regularly monitoring its
condition.
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Fig. 1. Scheme of the Dnieper River mainstreams within the boundaries of Kyiv before and after damming of the Desenka
(Chortoryi) River, in the mid-19" century: 7 — the section of the Chortoryi dam; 2 — reconstruction of the Dnieper River
mainstream before damming; 3 — direction of the stream; 4 — boundaries of lithologic and genetic complexes; 5 — alluvial
formations of the mainstreams and ravines. Sands, sandy clays, clay loams, aH; 6 — alluvial formations of the 1* floodplain
terraces of high and low levels of the Dnieper and the Desna Rivers. Sands, sandy clays a' P, pc; 7 — the Bug horizon.

Alluvial formations of the 2" floodplain terraces of the Dnieper, Desna, Lybid, and Nyvky Rivers. Sands, sandy clays, a’P,  bz;
8 — the Udai horizon. Alluvial formations of the 3 floodplain terraces of the Dnieper and Desna Rivers. Sands, sandy clays,
a? P, ud; 9 — alluvial deposits of the 4" floodplain terraces of the Dnieper and Desna Rivers. Sands, sandy clays, a* P, ;
10 — alluvial deluvial formations of the ravine bottoms. Sandy clays, loams, sands, ad P, -H; 77 — boggy deposits of the
mainstreams of rivers and ravines, low floodplain terraces. Peat, gyttija peat, sandy clays, bH; 72 — gravity deposits. Shear
rocks of different lithological composition, gr H; 73 — proluvial deposits. Sands, sandy clays, loams, pH; 74 — Eolian
formations. Sands, sandy clays, v P, -H; 75 — deluvial deposits. Sandy clays, loams, sands, d P ,-H; 76 — eluvial, Eolian and
deluvial formations. Loess, loess-like loam, sandy loam, and fossil soils, e, vd P ; 77 — the lower and middle levels are not
separated. Eluvial Eolian and deluvial deposits. Sands, sandy clays, loams (including loess), fossil soils, e, vd P ; 18 — eluvial
and deluvial deposits. Loess-like loams, sandy loams, fossil soils, loess, ed P ; 79 — lacustrine and boggy deposits. Peat, mud,
loam, sandy clays, Ib P, -H; 20 — glacial deposits (moraines). Boulder loam and sandy loam, g P, dn; 27 — glaciolacustrine
and fluvio-glacial deposits. Loams, sandy loams, sands, (Ig, f P, dn); 22 — quaternary formations, P-N; 23 — water area
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Fig. 2. Protective and defensive structures of the Upper and the Lower Lavra: 7 — remnants of defensive fortifications; 2 —
defensive fortifications of the Upper Lavra; 2.7 — the John Calabytes Tower; 2.2 — the Onufri Tower; 2.3 — the Southern
(Clock) Tower; 2.4 — the Northern (Painting) Tower; 2.5 — the Economic Gate with the Church of All Saints; 2.6 — the
Western Holy Gate with the Holy Trinity Church; 2.7 — the Southern (Lower) Gate; 2.8 — the Northern Gate; 2.9 — the
Eastern Gate; 3 — wall with the gate near the Great Lavra bell tower; 4 — retaining wall of the terrace with observation deck;
5 — defensive walls of the Near and the Far Caves; 5.7 — retaining wall of the 3" line; 5.2 — the Entrance Gate; 5.3 — the
Lower Gate at the entrance to the Near and the Far Caves; 6 — D. de Bosquet retaining wall; 7 — cascade of retaining walls
on the right side of the Lavra ravine; 8 — integrated building designed by Peter Suchtelen; 9 — the bell tower in the Far
Caves; 10 — the Western Gate with a guard house; 77 — the Lavra bell tower; 72 — the Assumption Cathedral; 73 — the
Church of the Savior on Berestove; 74 — the Church of the Conception of St. Anna at the Far Caves; 75 — remnants of the
earth walls; 76 — contours of the Lavra ravine; 17 — the entrance to the cave; 18 — cross section line (see Fig. 4)
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Retaining wall,

Scale 1:500

Fig. 3. Scheme of the position of the integrated building de-
signed by Peter Suchtelen (TTD-18 and retaining wall) (a)
and drainage tunnels ()

The reinforcement of the right side of the Lavra
ravine, near the Far Caves, where the influence of
external factors has been evident (caving by the
Dnieper River, disturbances of the geological
environment caused by the construction of the
Rozhdestvensky and the Spassky bastions, in par-
ticular, changes of the underground water condi-
tions) required special measures to control the
EGP and to retain the slopes. According to liter-
ary sources, even Czars (in particular, Alexander I)
were engaged in solving the problems of soil sta-
bilization there. To this end, various reinforce-
ment measures were elaborated, among which, the
Suchtelen project — the construction (1810) of a
three-tier system: a retaining wall having a width
of almost 8 m and two-tier drainages located at
different levels (arched structures with an un-
derdrainage for interception of ground waters
(Fig. 3) was approved in 1806. These measures
are considered the creation of an integrated re-
taining and drainage structure (Fig. 2, 8).

Despite the fact that the engineering struc-
tures were properly configured, their effective-
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ness was not as high as expected. The landslides
on this slope continued 200 years after the comp-
letion of construction works. This is assumed to
be caused by improperly arranged surface drai-
nage. Fig. 4 shows a model of the hill with the
mentioned engineering structures; their ineffec-
tiveness is explained by unsuitability of the com-
plex for retaining a slope with developing plastic
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deformations and displacements. In this area, the
sediments subject to displacement consist mainly
of a fraction of clay rocks, since in the upper part
of the slope, there are color and brown clays that
are sensitive to meteorological conditions. There-
fore, in this case, it is expedient to construct ad-
ditional surface drainage systems and to properly
maintain them.

On the right side of the Lavra ravine, in ad-
dition to the defensive wall constructed after a
big landslide in 1971, which destroyed an almost
100 m long fence at the bottom of the ravine, a
cascade of retaining walls (see Figs 2, 7) having a
length from 10 to 40 m was built. In 2009—2010,
signs of landslide processes were detected [11]:
the expansion of cracks in the footpaths along the
slopes; the formation of a vertical crack with an
opening upward of 6—8 mm in the brickwork
(pillar) and cracks of separation from the support
of wooden structure in the gallery to the Far Ca-
ves; further expansion of bond-failure crack bet-
ween the curb and the pavement and inclined
lantern poles on the edge of the Lavra ravine
slope, on the northern side of the building No. 67,
etc. The analysis of materials of previous stu-
dies has indicated that the localization of these
cracks is associated with the landslide of 1971.
The nature of slides indicates a long process of
soil mass deformation as a result of constant wa-
terlogging and activation of landslides. Deforma-
tions and damages of the caves (cracks in the
walls, sinks, and overbreaks), in particular, in the
Church of the Nativity of Christ, are also likely to
be caused by changes in the stability of the soil
massif, and, possibly, by the development of deep
landslide.

The retaining wall (site No. 3 or "the 3" line")
built in the second half of the 19* century, which
is a national monument "Defensive Wall around
the Near and the Far Caves", extends from the
building No. 71 to the building No. 65 (see Figs.
2, 5.17). It was constructed on the plateau edge
and protected the territory of the Hospitable
Court located within the limits of the 32" slide
circle on the western side, which predetermined

the development of erosion and landslide pro-
cesses and forced the monastery administration
to build fortifications of various kinds. The wall
was not suitable for defensive function as it had
no loopholes, its strength and height were in-
sufficient. Field inspections of the retaining wall
on the site No. 3 have shown that it has numerous
damages in the form of horizontal and vertical
cracks, falling away of bricks and mortar, protru-
sions and inclinations in the area against the
building No. 65, masonry deformation and de-
struction of the upper masonry layer. The main
factors of deformation processes were waterlog-
ging of the soil mass as a result of snow melting in
2013 [12] and failure of drainage systems.

The construction of the Dnieper (Nicolas’)
Descent (1852—1860) linking the upper part of
the loess plateau and the approach to Naberezh-
ne Highway and to the Chain Bridge (designed
by architect Kiberza) significantly affected the
soil massif condition. In parallel with the const-
ruction of the descent, there was built a trench-
type drainage (TTD-17) that today ensures the
stability of the descent embankment. In the sa-
me period, the TTD-23, TTD-17-bis, and the
"drainage gallery of the Lavra ravine" were in-
stalled; these structures are operating more or
less effectively as they are dewatering the soil in
the approaches to the Spassky ravine descent.
The drainage facilities of this type have also been
constructed in the Lavra ravine and, as of today,
have proved themselves to be quite effective.

The artificial drainage for the second aquifer
groundwater was firstly used in 1798—1810 by
engineer Peter Suchtelen, when an integrated
drainage structure was built. It has been pre-
served to date (partially, as part of the system
No. 18, see Figs. 2 and 3). As of today, several tens
kilometers of such drainages have been const-
ructed. They were laid in the slope massifs, in
some places, in two or even three levels for inter-
ception of the Quaternary groundwater aquifers
in the Kharkiv formation sands. The drainage is
made in the form of trench with a brick collector
arranged on piles in such a way as it acts as re-
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taining wall (see Fig. 3, construction) or has a
trapezoidal cross section. The underground wa-
ter is drained out by gravel filling.

In terms of configurations, the TTDs on the
Lavra territory are divided into several types:

1. The deep drainage trenches with brick wa-
ter-collecting galleries, with vents for receiving
water. The ground waters are drained through
drainage filling. These are the first TTDs (TTD-18
(1798—1810) and TTD-17 (1850—1860)) con-
structed in order to prevent landslides in the ter-
ritory of the Kyiv-Pechersk Lavra and the Pank-
ratovy ravine. Without any reconstruction, they
have been successfully operating till nowadays.

2. The culvert-type drainage systems with a
cross section in the form of a trapezoid having a
size of 0.9 x 1.1 x 1.8 m, the drainage galleries of
which were fixed with oak square sets. They
started to be built from the beginning of the
20 century. Their 1.6 x 1.6 m and 1.7 x 1.7 m
drainage wells were fixed with pine timberworks
that collapsed in 4—10 years, depending on the
conditions and the quality of wood. Only after
1960s, these culvert systems began to be fixed
with reinforced concrete beams.
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the slope near the Lavra ravine

3. The gallery-type drainage systems (GDS)
made using the panel method started to be used
since 1972, with galleries fixed with round rein-
forced concrete tubes having 1 m in length and
1.8—2.2 m in diameter. On the Reserve’s territo-
ry, GDS 59 are installed.

The complex surveys of TTD No.16, TTD
No. 27-bis, TTD No. 27 and leakages from these
systems have been carried out by the Institute
of Geological Sciences of the NAS of Ukraine in
order to estimate the soil permeability around
the drainage tunnel systems and to study its im-
pact on the hydrogeological conditions and the
stability of slopes.

Many-years observations have shown that the
effectiveness of draining by the "body" of the
tunnel decreases as new formations (outgrowths
and stalactites) arise and complicate the flow of
groundwater. At the same time, the debit of
"body" drainage increases significantly after clea-
ning the outgrowths mudding the holes between
the beams.

The drainage systems laid in the lower part
of the slope to discharge groundwaters of the
Kharkiv aquifer are characterized by relative sta-
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Fig. 5. Deformations of the facing and waterlogging of the foundations of buildings No. 51—
52 (a) and swelling of the pavement near them (b). The arrows show the greatest de-
formation

bility of the flow rate during the whole time of
their operation. The "body" is usually laid in marl
clay or in thin black soil layer above the clay of
the Kyiv formations, with 6—8 m long filters led
into the thin black soil layer or into the sands of
the Kharkiv formations. Moreover, when the
debit of some filters decreases, as a rule, that of
the neighboring ones increases, so that the total
water inflow remains relatively constant.

The coefficients of drainage effectiveness ha-
ve been estimated for the Lavra TTD. As a result,
TTD-17, TTD-17-bis are considered effective,

TTD-27, TTD-27-bis, TTD-28 (in the area bet-
ween wells 6-13) are partially effective, and
TTD-28-bis, TTD-18, TTD-55 are ineffective.
Moreover, TTD-55 in the place of connection
with TTD-28, TTD-52, and TTD-23-24 cannot
be considered as actually they do not drain, but
evacuate water (TTD-28), or act as louver above
the caves (TTD-52). TTD-59, although partially
performs drainage functions, does not contribute
to the stability of the slope [2]. Also, it is neces-
sary to consider feasibility of operation of drain-
age galleries in the buffer zone of the Reserve
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(GDS Dnipro), which, since their construction
(1972), neither have been draining the second
aquifer waters, nor preventing landslides.

On the Reserve’s territory, there is a develo-
ped network of shallow tubular rainwater drai-
nages. The densest grid of surface water draina-
ge there is at the Lower Lavra. The intercepted
surface waters from there come to shallow brick
galleries (No. 1—4) and are discharged to the
Dnieper River. Improper maintenance of drain
pipes leads to the slaking of foundations of his-
toric buildings and deformations of pedestal fa-
ceworks, as shown in Fig. 5

In the areas where the landslides occurred, in
addition to the construction of drainage systems,
other works (land planning, groundwater evacu-
ation, etc.) have been performed. Therefore, it is
impossible to estimate the effect of preventing
landslides and the feasibility of constructing
each individual system.

CONCLUSIONS

The engineering and economic development of
the hill and effectiveness of the engineering pro-
tection of the Reserve territory have been ana-
lyzed at different times, for various purposes,
while implementing the project "Improvement of
the Engineering Protection Systems of the Terri-
tory of the Kyiv-Pechersk Lavra National His-
torical and Cultural Reserve”. The construction
of religious buildings and monastery household
premises took place at the same time with the or-
ganization of the relief around the Lavra ravine
with the use of masonry walls for retaining the
slopes and the creation of horizontal platforms
(terraces) for the location of buildings.

The state and the nature of the development of
processes on the Reserve territory are determined
by the engineering and geological conditions.
The stability of the slope and structures on it de-
pends on the strength properties of mottled and
brown clay. In the natural state, the loess soils
have a rather high strength, however, under ad-
ditional load or if they are waterlogged as a result
of leakage and failure of drainage systems, the
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loess soils can sink (I type of soil conditions),
which leads to deformation of the surface and
structures. Structural deformations are accompa-
nied by an inclination, a curvature of the bearing
structures, swelling and cracking of the walls
with openings of 10—12 cm. In the case of uneven
subsidence of the loess soils, in the strip footing
under the walls of the monuments, often there
occur cracks in the zones of maximum deflection.
Loess soils subside quickly. The sharp violation of
the natural conditions of loess soils during con-
struction leads to uneven subsidence of struc-
tures as a result of soil subsidence, mechanical
and chemical suffusion.

Significant changes in the stress-strain state of
the soil mass, hydrogeological conditions and
surface discharge are dated the late 17%"—early
18" centuries when during the construction of
bastion-type fortress, the earthworks of about
500 000 m* were done and the forest cover was
destroyed.

During the inspection of the territory, there
have been found deformations and cracks in the
structures, deformations of the road pavement,
wet corners of the foundations and pedestals of
buildings.

Therefore, the main recommendations for im-
proving the engineering protection systems on
the Reserve’s territory are as follows:

1. To ensure proper maintenance of surface wa-
ter discharge (the timely repair of chutes, wells,
and collectors. Particular attention is needed to
the water-supply, sewage, and heating systems,
drainpipes and stormwater intakes, which must
be cleaned and repaired in a timely manner.

2. To repair or to reinforce all support struc-
tures, to clean the drainage facilities, to separate
the surface water discharge from the drainage
system (to prevent mud accumulation).

3. To establish a moratorium on the further de-
velopment of underground space at the level of
waterproof layers in red-brown clay and marl clay
of the Kyiv formations.

4. To supervise over the development of defor-
mations of deep galleries (TTD-28, TTD-52, and
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TTD-55), to detect emergency areas of these sys-
tems, and to develop remedial measures. On the
basis of the research results, it is expedient to de-
velop a system for removing the emergency areas
out of service by the backfilling method.

5. An alternative to deep drainage facilities is
the arrangement of new structures of surface
drainage (shallow radial drainage).

6. Planting trees and landscaping of the terri-
tory is one of the important measures to ensure
the stability of the geological environment and
historical and cultural objects. The maximum at-
tention should be paid to the condition of vegeta-
tion, gardens and mini-parks of the Reserve. Par-
ticular attention should be paid to the gardens
above the Near Caves, because the caves wreck-
ages were caused by a significant uncontrolled
watering of fruit trees. It is also worthwhile to
monitor the tree vegetation. On the slopes, in the

places of discharge of aquifers, it is necessary to
plant trees with a high transpiration capacity and
to regularly, in a timely manner, remove dead
wood.

The system of engineering protection on the
Lavra territory shall be considered in the context
of the entire territory of the right bank of the
Dnieper River and Kyiv as a whole. To do this, it
is necessary to organize a body that would moni-
tor the development of negative processes in the
city and to provide recommendations for their
prevention and elimination. The existing moni-
toring department of the Reserve real estate ob-
jects should be considered a subdivision of this
body. The condition of the caves, as well as con-
trol of its condition and ensuring of stability
against landslides shall be included in the pro-
gram for the development of engineering protec-
tion of this territory.
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BAOCKOHAJIEHHA IH KEHEPHOI'O SAXUCTY
TEPUTOPIT 3ATTOBIJIHUKA «KUEBO-TIEUEPCHKA JIABPA»

Beryn. Teputopis sanosiganka «Kueso-Ileuepebka JlaBpa» posraiioBana y CKIQIHUX iHKEHEPHO-TEOJIOTTYHUX YMO-
Bax Ha IpaBoOepeKHUX CXMJIaxX AoJuHM JIHinpa il mpuseraux 1o Hel AISHOK JiecoBoro maro. CtabinbHicTh Ta 30epekeHHs
o0’exriB JIaBpu 3a0€311e4y€THCSI CUCTEMOIO CIIEIIATbHIX YTPUMYIOUKX Ta BOJOPETYJIIOIUIX CIOPY/L IHKEHEPHOTO 3aXUCTY.

IIpo6remaTtuka. Bismbiicts 3a3HaueHnx criopy/ OyJo 3aKkJaJeHO B Pi3Hi MEPioAN i He 3aBKAN MaJo HajiexHe 00-
IPYHTYBaHH# Ta BUKOHAHHSL. [3 po36y10B0I0 3amoBiHNKa 3MiHIOBAIMCh YMOBH iX €KCILIyaTallil, TOMy BUHUKAE HEOOXIAHICTD
neperyisigy eeKTUBHOCTI IX POOOTH SIK 3aXMCHUX CIIOPY/L Ta IOJAJIbIIE YIOCKOHAICHHS.

Merta. Busnauerns o6rpyHTOBaHOCTI, aIeKBATHOCTI, e(EKTUBHOCTI Ta CTaHy CHCTEM IH/KEHEPHOTO 3aXUCTY TEPUTOPIi
3anoBigHMKa 7151 iX BAOCKOHAJIEHHST Ta 3a00iraH st HAJI3BUYARHIIM CUTYAILisIM.

Marepiamm it MeToau. Bukopucrano cxemy imskeHepHoro 3axucty tepuropii (M 1:1000); nian HasiBHOTO cTaHy Tepu-
topii 3anosiganka (M 1:1000); nani iHKeHEPHO-TeOJIOTIYHNUX PO3BiyBaHb Pi3HUX YaciB, iICTOPMYHI Ta apXEOJIOTiYHI Ma-
tepiasu. [l BU3HAUEHHS cTaHy 00 €KTIB iHKEHEPHOIO 3aXUCTY 3/1IICHEHO HATYPHI criocTepeskeHHs! (BCTaHOBJIEHHSI MapOK,
dorodikcartist). [Ipu omini cTiffkocTi TepuTOpii 3anoBiHIMKAa BUKOPUCTAHO MeXaHiKO-MaTeMaTUYHI OCHOBH iHXKEHEPHOI
reoJIorii B KOMILIEKCI 3 MIX0AaMU CHCTEMHOTO aHAJI3Y Ta TeOPil iHKEHEPHO-Te0IOrUHOT TT0AIOHOCTI.

Pesyubrati. BeranoBIeHo, 110 CXUJIOBI MPOTIECH Ha JOCTIKYBaHi TepUTOpii 06yMOBJIEHI aKTUBHUM PO3MUBOM TIpa-
Boro Gepera J[Hinpa Ha 1iii JiIsHIN, 3HAYHUME 00CATaMU 3eMJISTHUX PoOIT Tipu po3dyaosi [ledepcebkoi dopreni y XVII—
XVIII ct., a TakoK HeaJleKBaTHICTIO OKPEMUX 1HKEHEPHUX CIIOpy/| MaciTabaM i Xapakrepy PO3BUTKY iH;KEHEPHO-Te0JI0Tiu-
HUX IPOIIECIB Ta IX HU3BKOIO e(heKTHUBHICTIO.

BucHoBku. Brockonasnenns cucteM iHXeHEepPHOTO 3aXUCTy HOJATA€ Y MIJIBUIIEHH] PIBHA TEXHIYHOI eKCILTyaTalii
CTOPYJL, NOEAHAHH] X PoOOTH i3 3aX0MaMu GIATOYCTPOIO i 03eJIeHEeHH ST, HAJTATO/KEHHI CUCTeMH MOHITOPUHTY, BpaXyBaHHi
CE30HHOCTI Ta aHOMAJIBHOCTI TIPOSIBIB T'i/[POMETEOPOJIOTIUHNX IIpolieciB. BIpoBa/pkeHHS OTpUMaHNX HAYKOBO-TEXHIUHUX
Pe3yJIBTaTIB J03BOMKUTh MIABUIINTH eDEKTUBHICTh CUCTEM IHKEHEPHOTO 3aXUCTY ISl OXOPOHM I 30epeskeHHs 00’€KTiB
3aroBiHUKA.

Kntouosi crosa: iH:KeHEPHO-TEOJIOTIUHI YMOBH, 3CYB, IPOBAJIH, Cy(h03isl, iH)KeHepHUI 3aXKCT, YKPIIJIEHHS CXUJIIB.
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YCOBEPIIEHCTBOBAHUE MHXEHEPHOW 3AIIINTHI
TEPPUTOPUN SAITOBEJHUKA «<KNEBO-IIEHEPCKASL JIABPA»

Beeaenue. Teppuropus 3anoseannka «Kueso-Ileuepckas JlaBpa» pacrosioxkeHa B CJI03KHBIX MHKEHEPHO-TEOJI0TYec-
KWX YCJIOBUSIX Ha MTPAaBOOEPEKHBIX CKIOHAX J0IUHBI [lHETpa 1 IPUIIeraioniux K Hell y9acTKOB JieccoBoro miato. Crabuib-
HOCTb U cOXpaHeHue 00bekTOB JIaBpbl 06eceYnBaeTCs CUCTEMON CIIEIUAIbHBIX YIEPKUBAIOLUIUX 1 BOIAOPETYIUPYIOIIUX
COOPY’KEHUIT MHKEHEPHOIT 3aIUTBI.

IIpoGaemaTuka. BobIIMHCTBO COOPY:KEHUI OBLIN 3aJI0KEHBI B PasHble TIEPUOBI 1 He BCErIa MMEJH HajiesKaiee
obocHoBaHue st cTpouTesibeTBa. C pazBuTreM 3aroBeHUKA U3MEHSIJIUCH YCJIOBUS UX 9KCILIyaTallud, HO9TOMY BO3HUKA-
eT HeOOXOAUMOCTD MepecMoTpa ahHEKTUBHOCTH UX PaGOTHI B KAYECTBE 3AIUTHBIX COOPYKEHUN U MOCJIEYIONee YCOBep-
IIIEHCTBOBAHIE.

Iens. Onpenesenne 060CHOBAHHOCTH, afleKBAaTHOCTH, d(DMEKTUBHOCTH M COCTOSTHUS CHUCTEM WHKEHEPHON 3alliiTh
TeppUTOPUN 3aMOBEAHUKA JIJIST UX YJIYUIIEH IS U TPEA0TBPAIIEHIS YPE3BHIUANHBIX CUTYAIHI.

Marepuass u MeTobl. Vcriosb30BaHbl cxeMa MHKeHepHOI 3aimuTsl Tepputopun (M 1:1000); nuan cyiecTByoIero
cocrostnus Tepputopun 3anoseanuka (M 1:1000); rannblie HHKeHEPHO-TEOJIOTHIECKUX U3BICKAHWH, ICTOPUYECKHUE U apXeo-
Jloruyeckue Matepuasisl. [l onpeeneHus cocTosiHust 00bEKTOB UHKEHEPHOIT 3all[UThI TPOBOAUIIMCH HATYPHBIE HabJII0/1e-
Hus. [Ipu olieHKe yCTOIYMBOCTH TEPPUTOPHH 3aMIOBETHIKA NCIIOIb30BAHBl MEXaHIKO-MaTeMaTHIYeCKIe OCHOBBI HHKEeHep-
HOII Te0JIOrUH B KOMILIEKCE C TI0IXOaMU CUCTEMHOTO aHAJIU3a U TEOPUU UHIKEHEPHO-TE0JIOTHYECKOTO TIO00USL.
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PesyabraTbl. YCTaHOBJIEHO, YTO CKJIOHOBBIE IIPOIIECCHI HA HTOM TeppUTOPUU ObLIK 00YCIOBIEHbI AKTUBHBIM PA3MbIBOM
npasoro 6epera J[Helpa, 3HAUUTEIbHBIMEI 00beMaMU 3eMJISIHBIX PaboT pu BosBeneHun Ileuepckoil kpenoctu B XVII—
XVIII BB., a TakKe HEaJeKBAaTHOCTBIO OT/IEJbHBIX HHKEHEPHBIX COOPYIKEHMIT MaciiTabaM 1 XapakTepy Pa3BUTUS UHKEHeP-
HO-T€0JIOTMYECKHUX MTPOIECCOB U HU3KOI X 3(hHEeKTHBHOCTDIO.

BoiBozpl. CoBepliieHCTBOBAHNE CHCTEM MH)KEHEPHOI 3aI[UThI 3aKJII0YAETCS B TOBBIIEHUN YPOBHS TEXHUYECKON JKC-
[UIyaTaluu COOPYKEHUH, COYeTAHUHN UX PABOThI ¢ MEPOTIPUATUSIMHU 1O OIATOYCTPONCTBY U 03EJCHEHUTO, HAJIAXKUBAHUU CUC-
TeMbl MOHUTOPHUHTA, yUeTe Ce30HHOCTH W aHOMAJbHOCTU TPOSBICHUH THAPOMETEOPOJOTUYECKUX MpoiieccoB. Brenpenne
MOJIYYEHHBIX HAyYHO-TEXHUYECKUX PE3YJIbTaTOB MO3BOJHUT MOBBICUTH 3((MEKTUBHOCTD CHCTEM WHKEHEPHOM 3aluThl TS
OXpPaHbl U COXPaHeHUsT 00bEKTOB 3allOBEHUKA.

Knwouesvie cnosa: MHKXEHEPHO-T€O0JIOTUYECKNE YCJIOBUSA, OIIOJI3E€EHD, ITPOBAJIbI, qu)(bOSI/IH, WHXeHepHad 3alluTa, YK-
pensieHrue CKJI0HOB.
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