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ABSTRACT
The paper considers the problems of engineering-geological analysis of historical cities, territories, traditional methods of erection and
materials of the foundations of historical monuments of architecture. The main reasons of deformations of structures and methods of
foundations and bases strengthening including waterproofing devices are analyzed.

RESUME
L'article est consacree aux questions de I"analyse geologiques, aux methods traditionnels de construction et aux materiaux utilizes
lors de la construction des monuments historiques architecturaux. egalement sont analyses les principales causes de la deformation
des constructions et les methods de renforcement des fondations, y compris les moyens d hydro-isolation.

Keywords :

1 GEOMORPHOLOGIC STRUCTURE

Central Asia is located between two large rivers the Amu-Darya
and the Syr-Darya, which are life-giving moisture use
Uzbekistan, Kazakhstan, Turkmenistan, Tajikistan and
Kirghizistan. The territory has a various and complex relief,
which from the East borders on by mountain ridges of the
Gissar-Alay and the Tien Shan, from the West by extensive
deserted plains of the Kizilkum and the Karakum. Both rivers
on the North-West fall into the Aral Sea and border on from the
North and West with plateau Ustyurt and from the South-East
with the Kizilkum. Such geomorphological composition of the
territory formed the climate, drains, fauna and flora.

2 BRIEF CHARACTERISTICS ABOUT ENGINEERING-
GEOLOGICAL CONDITIONS OF HISTORICAL CITIES.

The Samarkand city is located on the left bank of the plateau of
the Zaravshan River and form a relief in the form of terraces.
The Zaravshan hollow is boarded on from the South by the
Zaravshan ridges, from the North and North-East by the Nurata
and Turkestan Mountain ridges. The hollow is extended in the
Western direction, in the same direction it is cut by the
Zaravshan River. The Zaravshan River originates in the Eastern
slopes of the Zaravshan and Turkestan ridges. On the average
current the Zaravshan River is divided into two branches the
Ak-Darya and the Kara-Darya.

Below, we shall consider geological characteristics of each
chosen zones. The mountain zone basically consists of
granitoeds, formed in variets, tectonomagmatic cycle. In the
Nothern part of a mountain zone the big development have
rocks of metamorphic origin. Soils are strongly removed, of
alluvial-delluvial origin basically of boulder, rubble and coarse
debris forms. In the foot of mountains there are accumulations
of prolluvial soils with clay admixtures.

Slopes of mountains are covered by powerful accumulation
of loessial rocks of the Quaternary period. Loesses in these
places have a homogeneous structure which capacity reaches
from 10 up to 20m. Loessial soils in an air-dry condition have
high structural durability, at increasing humidity which is
strongly weakens. These soils are subjected by erosion

phenomena and under action of earth flows easily form a ravine
relief.

In the historical part of the city, loessial soils are covered by
a layer of soils of culture-city (anthropogenous) origin. These
soils were formed as a result of historical activity of a man. The
basic part of soils make sandy loams with greater inclusion of
building dust, breakage of a brick, ceramics, remains of the
bases and organic substances. The coefficient of porosity of
these soils changes within the limits of from 0.9 up to 1.1.

In the geomorphological attitude Bukhara has a wavy surface
of a relief, with an insignificant grade in the direction of C-3
and borders with C 3 on the Kizilkum desert. The territory of
Bukhara can be divided into two main geomorphological areas:
the first-low mountain foothills occupies the Eastern part of
Bukhara and the second-under hills plains represent ostansive
plateau and loops of low hills. Cover soils in the form of sandy
loams and loams of ancient alluvial and ancient delta origin are
salted by ions of sulfates and chlorides. Often loams spread by
fine-grained sand. In the historical part of the city natural soils
cover powerful layers of cultural-city sediments. Soils are of
heavy subsidence and at their humidifying give excessively big
saggings. Soils of a cultural-city origin because of their big non
homogeneity and porosity have low durability and big
deformability. Subsoil’s waters in Bukhara lie on the depth
from 2-3 up to 6-7 m. from the surface of the ground and
possess sulphatic aggression. Taking into account the absence
of natural drainage and powerful influence of urban developing,
environment, there is a tendency to a rising the level of subsoil
waters (Fig.1)

Khiva is located in the North-West of Uzbekistan.
Geomorphologically the territory is located in an ancient flat
territory of the bottom current of the Amu-Darya River. The
region is characterized by low seismity which equals to 6-7
points. The region is a whole has a flat relief. From the surface
there lie alluvial sandy-loamy deposits with thin prolayers of
sand of the upper Anaternary age (a Q III) which are spread by
alluvial sand. Loams and sandy loams are dusty, mainly heavy.
Subsoil waters lie on the depth of 1-5 m. on flat sites of plain
and up to 10-15 m. in places of development of colithic sand.
Subsoil waters are mainly salted, possess sulphatic aggression.
To all historical cities, laws of arrangement of covered layer
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Fig. 1. Actual and predicted change of subsoil waters on
inspection well Ne54 Bukhara.

from the cultural-city deposits are peculiar. The capacity of such
soils for Samarkand city, having a hilly relief reaches from 2-3
up to 12-14 m. For the cities located in flat territories their
capacity reaches 2-3 up to 6-7m. Physical, deformation and
strengthening characteristics of cultural-city deposits of loamy
and sandy structure (the basic geological environment serving
as the basis for structures) were classified by ancient masters as
good, average and weak. There are some known ways of
strengthening weak and average on deformability soils by the
method of preliminary long soaking and erection of soil pillows
with the use of technology of level-by-level soils compaction
(the humidified sandy loams and loams) by trample of horses.

The process of urbanization considerably influences on
historically developed engineering-geological environment
where monuments of architecture are located. Because of water
outflow from communication networks and influence of
shielding of ground surface, there is a universal increase in
natural humidity of the ground, located above subsoil waters.

According to hydro-geological supervisions, especially it
quickly happens in low irrigated territories where on the surface
there lie plaster deposits. At reduction of the depth of subsoil
waters less than on 3 m., the process of bogging and secondary
salty soils gradually begins in these territories.

3 INFLUENCE, CHANGING HYDRO GEOLOGICAL
SITUATION ON GEOECOLOGICAL ENVIRONMENT.

In the process of rising subsoil there are deformations of the
ground surface. It leads to non-uniform sagging of civil and
industrial buildings and structures and also historical
monuments of architecture. For the last decade there were
serious problems, connected with preservation of world famous
masterpieces of architecture. In particularly, the salted
underground waters, owing to its aggression in relation to
building materials, as a result of complex physical-chemical
processes begin to destroy intensively the structure of materials
of underground and aboveground structures of monuments, as a
result there are their often deformations, and in some cases their
full destruction. For example, catastrophic destruction of one of
minarets of the “Chor-Minor” complex, deformations of the
ensemble of Tim Abdulkhan, and Minarets of Vobkent and
Nakshbandiya and others in Bukhara, ground overdamping of
the territory of the complex “Ichan-Kala” in Khiva,
accumulation of moisture of the cover layer on the territory of
the ensemble “Registan”, “Gur-Emir” and ‘“Ruhabad” in
Samarkand. The most perceptible aggressive influence on
mineralized subsoil waters is found on materials of
constructions of Bukhara and Khiva monuments. Large-scale
irrigational work also led to a sharp increase of subsoil waters
that accordingly has worsened historically developed geological
situation in the region. For example, construction of the
Tashauz branch of the channel, begun in 1982 with the length of
180 km. and throughput of 400 m3 /sec. (the channel is laid in
12 km. from Khiva) has led to an aggravation of
hydrogeological mode of ancient Khiva. The process of
overdamping of ground and secondary salty have affected on

fauna and flora. For example, as a result of change of the
inhabited environment, aggression of termites which have
started to destroy materials of constructions has increased.

4 BASES AND METHODS OF WATERPROOFING.

The depth of the bases laying was accepted in proportion to
external loadings. For example, foundations under big
concentrated loadings from minarets were made on the depth of
more than 8-9 m. and had a barrel form, foundations under
walls in the form of traditional ribbons of different
configuration (that is ledges under pillars) with depth from 1.5
up to 3-4 m.

For the materials of foundations they used flat, burnt breaks,
slate-shaped quarry stones or in the form of layers of that or
another types. In the capacity of solutions usual clay was used
(up to the X" century), plaster binding with inclusion of loam
and ashes (ganch hok), later on lime solutions were also used.

Protection of building constructions against dampness and
salty influence were most often used at construction of
monumental structures on the territories with strongly salted and
humidified grounds. To such regions concern, as it was already
mentioned above, cities of the Ferghana Valley, Bukhara and
Khiva.

To the most widespread traditional methods of protection of
building constructions from dampness and penetration of salt in
cities located in mountain and foothill territories, was the usage
of natural stone quarry. In the cities located in flat territories
(Bukhara and Khiva) where quarry stone is a scarce material
such materials are wooden beams from hard kinds of wood and
canes were often used. These materials were arranged in a
plinth part of the wall. The cane as a good accessible
waterproofing and steady against rotting material kept
multilayered in a longitudinal and cross-section direction.
Unfortunately, for structures of tower type, for example, high
minarets these technologies were unacceptable, for this reason
they were erected practically without waterproofing, which
served as a reason to occurrence of salt erosion of a brick in its
plinth parts (Fig.2). It promoted to the appearance of lists and
sometimes to their full destruction.

Fig. 2. The minaret of Vobkent city, Bukhara. Fragments of
chemical erosion of a bricklaying of a sole plate.
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5 PRINCIPAL REASONS OF BASE DEFORMATIONS
AND EROSION OF MATERIALS OF
CONSTRUCTIONS.

As practice shows, practically all monuments with the
expiration of the certain term begin to deform. The main
reasons are: agening of materials (chemical and mechanical
erosion) and non-uniform sagging of a structure. The basic
influences are: salt, erosion of a brick and binding, rotting of
reinforcing and waterproofing materials (wooden beams, cane),
power and seismic influences, climatic (wind impulse loadings,
rain, the sun, low and high temperature, humidity of air, etc.).
Lately, the most perceptible factor, influencing on durability of
constructions and materials appeared to be technogenic
processes. They are: geoecological problems, connected with
intensive development of urbanization environment, a gassed
condition and influence of micro and macro dynamic
technogenic processes.

Depending on prevalence in the given territory of this or that
process various kinds of deformation of constructions and
destruction of materials proceed. There are chances of
deformation in bricklaying due to getting creased of this
material owing to the influence of above mentioned influences.

The focused directions of a wind rose, solar radiation and
rain stream for the period of 200-300 and more years, promote
strictly focused to destruction of materials and occurrences of
lists of tall structures. For example, only for the last 25-30 years
the facing in the Northern part of the dome of the Tilla-Kori has
been restored three times. The same accumulating deformations,
constructions and majolica arise from the seismic influences,
having prevailing distributions of waves of the South-East
direction (catastrophic destructions of unique monuments Ok
Saroy and Bibi-Khanum).

Low durability and high porosity of soils in the basis of
monuments, unfortunately promote reduction of its seismic
stability. It is considered that the most dangerous is location of
subsoil waters which in case of occurrence of earthquakes with
intensity of more than 6 points, as a result of dynamic dilution
can cause failing deformations of the basis. For this reason,
corresponding static and dynamic calculations of all monuments
of architecture, located in a zone of the influence of seismic
forces with intensity of more than 6 points should be made.

The influence of dampness and salt erosion of the most
loaded parts of walls promotes to deformations of constructions,
sometimes and to their full damage (damage of one of minarets
of the ensemble of “Chor Minor”, a list of the minaret
“Nakshbandiya”, excessive dampness in the walls of the
“Ruhobod” mausoleum, the Vobkent minaret and others).

Lately, cases of constructions damage as a result of
occurrence of the non-uniform deformations, connected with
local humidifying of their bases have most often become
frequent. The main reasons are damages of water carrying
pressure and non-pressure communications, re-planning of
territories, excessive hobby of irrigation of lawns and flower
beds around monuments. The results of supervision show that
the most dangerous processes except for rising of subsoil waters
also refers to the tendency of increasing humidity of the soil,
located above the level of subsoil waters. For this reason,
around the monuments there should be measures favorably
softening the tendency of reducing the process of soil damp
accumulation, located below air zones. To such measures refer
the methods of natural ventilation of the surface and reasonable
density of planting trees with the developed rootlike system.

6 METHODS OF STRENGTHENING SOILS OF BASES,
FOUNDATIONS

In case of occurrence of big deformations of soils of bases are
applied various ways of strengthening. The method of
strengthening of bases and foundations depends on concrete soil

conditions, from constructional features of a building of
structures, technological and technical equipment of the
organization carrying out strengthening.

For soil conditions of Uzbekistan, the most acceptable are
the following approved methods of strengthening of the bases:

1) technical measures, directed on decreasing of average
pressure under the foundation (constructions connector
under foundations);

2) lay out of deep foundations (pile foundations);

3) transformed bases (spurt boredmixing and boredinjection
technology);

4) soil stabilization by chemical reagents.

The first variant assumes lay out of a flat foundation plate,
brought under the existing foundations. Advantage of this
method is, not called for unclaimed heavy technical equipment
and superficial manufacture of work: significant decrease of
pressure under the foundation. To the lacks of the method refer:
additional loading from the strengthened base, there is an
opportunity of deep deformations of soils and superficial
horizontal displacement can lead to occurrence after
regenerative work.

The second variant assumes slot (cutting) of weak soils by

the method of laying out of deep bases and transfer of loadings
on the bottom of rather strong layers of soil. Advantage of this
method is transfer of loadings from a building on stronger layers
of ground; stabilization of deformations in an active zone of the
ground, located under the base; an opportunity to conduct local
manufacture of work without a stop of operation of a building
and an opportunity to make in manual driving bore pits. To
lacks concerns: work in the constrained conditions.
The transformed bases are widely used for strengthening the
existing bases and foundations. Especially in the world practice
the wide spreading received the method of reinforcing soils by
cement soil piles. The method is carried out on spurt and mixing
technology. The essence of the method is in drilling of inclined
wells in diameter of 15-25 cm up to a designed mark and further
by spurting (40-100 atmospheres) water cement suspension is
forced. As a result, a rootlike system of the strengthened basis if
formed.

Advantage of this method is: full mechanization of
manufacture of work: reduction of time of the basis
strengthening. To lacks of this method concern: an opportunity
of pollution of furnish and floors of a monument because of
outflow of a pressure head liquid or chemical reagents; partial
local deterioration of mechanical properties of soils in the
process of forcing a liquid reagent; on opportunity of damage of
the base laying from strong materials during their drilling
(perforating).

Thus, this or that variant is the most effective for concrete
constructions and soil conditions. The preference of this and
that variant depends on TEI (Technical Economic Indices) and
degrees of the worked off technologies. In some cases there is
probably integration of advantages of several above considered
variants.

At present the authors have developed and approved the 1*
and the 2™ methods of strengthening of bases and foundations.
In particular, the method of strengthening bases and foundations
by connector of cantilever bored piles was used when
strengthening the basis and foundations of the Tilla-Kori
mosque in Samarkand.

Now, work on wusage the spurting technology for
strengthening soils of the bases of monuments of architecture of
Uzbekistan is conducted. This technology for stabilization of
deformations is widely used in the world practice. In particular,
on this technology the bases of monuments of architecture in
Italy, France, Germany, Russia and in other countries were
strengthened.
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7 PROBLEMS OF DAMPNESS AND ACCUMULATION OF

AGGRESSIVE SALT ENVIRONMENT.

The process of over dampness of soils leads to gradual
occurrence of crude sports on the surfaces of walls and its
distribution on height. In these conditions the weight of
evaporated moisture from a surface of a wall is compensated
due to again soaked up osmotic moisture. The more
difference of moisture potentials in soil and on surface of
evaporation of walls the more intensively molecular
movement of water and its steam happens. In these conditions
there are three ways of arrangement of screens:

1) Reduction of the area of contact of a surface of the walls
(foundations_ with damp soil (it is achieved by
waterproofing of only a lateral surface of the
foundations, seldom bottom of foundations);

2) Reduction of a surface evaporation with use of facing
screens of internal and external walls with height not
less dampness rise of 1.2-1.4 m. height.

3) Laying out of horizontal waterproofing, corpulently
shielding the way of migration of moisture on vertical.

In case of application of the first two points, though the
certain effect directed to reduction of dampness in walls is
achieved but they can’t eliminate it completely. It is necessary
to note that they are very often most economically and
technologically accessible at reconstruction and strengthening
of buildings. And on the contrary, the third point is difficult to
put into practice and a sufficiently expensive method.
Application of the third point is possible in the presence of
special technological equipment and effective expensive
waterproofing materials.

Unfortunately, there is an erroneous opinion, that
dampness in the walls can be eliminated only with the use of
arrangement of ventilation of a lateral surface of foundations
by means of the laying out a layer of large pebbles and air
gap. Firstly, application of this method without air flow from
below makes it practically inefficient (6), secondly, in the
bases laid together by loessial soils, this method cannot be
applied as through this space laid out from drainage materials,
atmospheric and superficial waters can penetrate under
foundations that can lead to the appearance of greater
deformations. However, such method of drainage of grounds
surrounding, sometimes can effectively be used at the absence
of ground subsidence. Such method of air gap has been

offered by the authors as one of ways of elimination of
dampness in the walls of architectural monuments in Central
Asia (4). It is necessary to note that in the conditions of a hot
and dry climate of Central Asia, biological drainage carried
out by means of planting trees of special kinds is no less
effective one.
At present there are some real ways of isolation and
drainage of walls, in particular:
1) An electroosmotic way;
2) The way of local string cutting of walls at a level of
a joint and waterproofing;
3) The way of pile driving by vibration in the joints of
brickwork of the wavy zinced sheets in the size up
0.5-1.0 m;
4) Injection ways of waterproofing;
The most real methods are 1-4 points, which in the
territory of Uzbekistan are not used yet or haven’t
received wide application.
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