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Abstract

Relevance of the topic: The symbol of united Georgia, the unique architectural monument of the X
century - Bagrati Cathedral was ruined, in relation to which the state and church made the right
decision to try and restore its original appearance. The Bagrati Cathedral, fortunately, will have the
same function in the XXI century, as at the time when it was built — to perform as a symbol of
"United Georgia" and not as a remnant of an obsolete civilization [1].

Since 1994, Bagrati Cathedral was included in UNESCO's World Heritage Site list [12].

In 2009, the Government of Georgia launched the restoration of the monument, which should
have been completed by construction of a dome. The project, whose author was Ivane Gremelashvili,
has caused a very different and sharp reactions in public. The alarm was raised after the Italian
engineer and architect Silvio Calvi wrote in his article about works performed in Bagrati Cathedral.
According to him, monument reconstruction works began without consulting the project with
UNESCO, and these works were not preceded by a large scale study [19].

In 2008 the rehabilitation works were carried out at the Cathedral, as a result the
Cathedral should have been reconstructed and strengthened. According to the project created it was
decided that the Cathedral would be renewed with reinforced concrete constructions mainly, which
led to disturbance of the Italian architect, although initially no justified analysis was made. [9].

The aim of the dissertation: to develop and implement new constructive measures to save the
architectural heritage monument — Bagrati Cathedral and ensure its reliable and long existence in
order for it to regain its purpose and fulfil its mission.

The task of experimental research is:

* Research of chemical and mineral composition of the stones used for the construction of Bagrati
Cathedral;

+ Study of the fastening solution and its chemical analysis

* Conducting work on control injections for wall strengthening, selection of injection solution

* Study of foundation soil, its chemical analysis and reinforcement measures;
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* A new technological and structural solutions with which the marking of the bearing columns will
be brought to the initial design index, and bearing capacity will also be increased;

Scientific Novelty: Composition of injection materials selected for reconstruction, checking the
strength of restored walls, determining bearing ability and seismicity.

The first chapter deals with particular aspects of construction and design of Georgia’s some
architectural monuments of tenth and twelfth century [3].

The medieval architecture is the second golden age of Georgian architecture. It covers the period
from the second half of the X century to the XIII - XIV centuries, the majority of which belongs to
the period of Georgia’s existence as united kingdom [5].

Georgian architectural monuments are not only interesting solely for specialists. Their artistic
qualities, their location and organic integration with nature, antiquity, that "scent of antiquity"
attracts every person who loves beauty and is concerned about country’s and nation’s past and
worries about their future.
The first example of this epoch is the Kumurdo Cathedral in Javakheti, near Akhalkalaki, Oshki
Monumental Episcopacy Cathedral (South Georgia, Tao). The temples of Alaverdi, Svetitskhoveli,
Samtavisi and Samtavro, which have an elongated rectangular design, that is characteristic of all later
church architecture.
The cross-shaped outline gets even closer to the norms of new time; These temples are much more
prevalent than their predecessors, and proportions wise are typical of a new period of time [9].
Bagrati Cathedral is among them, a triconch type cross-building structure, the dome of which was
based on four massive columns, protruding sleeves of the cross are of rectangular form from the
outside, and on the inside (eastern, southern and northern sides) they were made of semicircular
apses. The building is incredible with how sophisticated the proportions are, with freedom and
artistism of profiles, decorations, arch constructions, the lightness of the structures [12].

The second chapter discusses the method of determining chemical and mineral composition
of the construction stones used for construction of Bagrati Cathedral.

Over time stones experience physico-chemical erosion, which results in their physical-
mechanical properties gradually deteriorating compared to the original. During the visual inspection
of the temple, it was clear that stones had different degrees of damage. Therefore, their physiological
mechanical characteristics are different.

As time passes, the limestones, experience incomplete recrystallization, hardening, argillification,
opening, and as a result emptiness is created in the limestone — pores are formed. Pores determine the

strength and the length of life of the limestone,.
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Samples of temple construction stones were selected according to the quality and damage of a
stone. Thus, the number of some of the colored stone samples is more than of others. The chemical
composition of samples was determined by the quantitative chemical analysis method. According to
the analysis, chemical composition of stone samples is different. CaO is from 46.81% to 49.05% for
undamaged gray stone samples. CaO is from 37.5% to 42.2% for damaged samples. In the yellowish-
brown and red colored samples, the amount of CaO is even lower and equals to 15.8% to 28.5%.

The petrography of the layer, which examines it in microscopic and macroscopic way, was
studied in details. As a result of macroscopic study, the main features of the layer are identified out of
which the most important was the color and the radiance of the material.

The mineral composition of the layer, the structure, the texture (structure) is determined by
the microscopic description. According to structure, the material can be crystalline, thick granular.
According to texture it can be dense, porous, cellular, flaky and etc..

Macroscopic description of yellowish-pink sample is fine-grained layer with rough surface.
By dripping hydrochloric acid, gas is released from the surface of the sample, thus, we are dealing
with a carbon layer.

The macroscopic description says that it is a fine crystalline, micro-grain (0.01 mm size grain)
carbonate, which is recrystallized into transparent calcium grains in peripheral parts. Layer concrete
is not characterized by particular separation.

As a result of the study, it was found that the main mass of the limestone has some dark
colored areas of cryptocrystalline limestone. Organic part is replaced with fine crystalline calcium.
The layer consists of small sized 0.03-0.04 mm particles of iron hydroxide.

The gray stone samples taken from the column and from the column hole are different from
the gray stone samples taken from the wall. The macroscopic description shows that it is solid
homogeneous layer.

The main mass of the layer has been found to have changed remains of fauna and particular
dark areas of cryptocrystalline limestone. Complex analysis of solution samples taken from different
places have determined ingredients of construction solution and its technology.

Visually, all of solution samples are identical. The samples have whitish-gray color. Solution
has black colour sand and limestone particles in it.

A geo-radar research of all four walls of the Bagrati Cathedral has been carried out as well.
According to the results five areas found to be weak were drilled and embedded in concrete. (199
holes, 450 litres were used). 250 kg of cement and 2,25 1 of supplement chemical superplasticizing

agent (S-3 brand) was used for injection mixture preparation.
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The third chapter discusses foundation and soil reinforcement technology, strengthening
methods and modern machines for proper and quality technological process. Comparative analysis of
old and new methods and technical-economical parameters are given.

It is noteworthy that selection of foundation and ground reinforcement technologies depends

on the category of building, as well as the risk categories of conservation, restoration and
reconstruction. Reconstruction may be associated with the increase in load on the existing
foundation, because of replacing a wooden roof with reinforced concrete one or because of
technology change. Factors related to constructive specialities of the building, soil condition and the
equipment of the organization carrying out these works are important when selecting the technology
of reinforcement
In ancient times, they used applicable that would be connected with already existing. The boring of
this applicable was performed at different levels. The excavations of old foundations show that these
applicable remained in the ground and had virtually no impact on further exploitation of the
building. It was used during heavy deformations after soil hardening in the foundation of expanded
part. Extension of foundation, as a rule, is usually carried out when the soil is overloaded, i.e. layers of
plastic deformation have developed below it.
In global practice, there is a wide choice of different chemical reagents that can strengthen
foundation soil for a long period of time. Advantages of chemical means include: high level of
mechanization of all operations; possibility of soil strengthening according to natural parameters
provided by the project; Relatively small work required, drastic reduction of Unskilled manual trench
digging, as well as relatively low cost of raw materials (the possibility of using production waste).

For the first time modern methods of calculation give us a competitive model of soil and
foundation reinforcement technology based on geotechnical information. Traditional technologies
can not be denied without proper calculation. It often has a positive effect when combined new,
modern technologies.

The fourth chapter deals with computerized calculations performed after the completion of
technological processes and constructive solutions on the strength , sustainability and seismicity of
cathedral’s bearing elements.

The calculations were carried out with the use of engineering software “JINPA” - on Windows 8b, in
three phases: Although the results of the I calculation do not have practical significance today, it is
interesting to analyze the tense-deformation condition of the structures, and estimation of seismic
resistance of the Cathedral. At the first stage, the calculation of the 7-point seismicity according to

the current elasticity module has demonstrated that the construction of the Cathedral structures can
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not be left in current state and it is necessary to carry restoration works. The main difficulty in
computing calculation scheme was to define wall’s elasticity module, which was taken during the I
stage from an undamaged wall and was 5.2x10° t/ m? According to the results of calculation a 7-
magnitude seismic activity should not cause a serious impact on the cathedral, as maximum intensity
of tension of dome's holding constructions was within 1.5 -:- 2.0 kgf/ cm?. But it was not possible to
leave it like that, because there was no firm connection between all the structures.

Analysis of the calculation results shows that the 7-seismic activity may cause serious damage
to the walls of the cathedral: collapse of the southern cantilevered wall sleeve, collapse of the western
frontal sleeve and other. The maximum intensity of tension reaches 6.0 kgf/ cm?.

Calculations performed in the III stage used approximate value of wall elasticity module -

45x10° t / m3 (after implementation of the wall reinforcement) for operational model; soil
compression coefficient — C1 = 2000 t/m3; Poisson's ratio of wall blockwork - ¢z = 0.3 (see 043).
From the results of the calculation, it is important to note that the dynamic characteristics of the
cathedral (period of free oscillations, forms, movements) are close to those results of I phase.
Maximum intensity of tension, currently in dangerous areas, are within 7 point seismicity of 2.0 kgf /
cm?,

At this stage we can conclude that in the case of the proposed options for restoration, the

cathedral will be ensured against 7 point seismic activities.
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