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About the Project

The project "Plaster of Towers and Machubs (dwelling houses) of the Ushguli community" is
being implemented on the basis of the analysis of the results of comprehensive laboratory studies
within the framework of the agreement signed between Non-Entrepreneurial (non-comercial)
Legal Person "Center for the Protection of Cultural Heritage of the Municipality of Mestia" (I/N
435891812) and LEPL the Technical University of Georgia. From samples taken from the plaster
of the towers, thin sections were made and their petrographic description was compiled. Rock
samples were also examined using binocular, X-ray fluorescence and X-ray diffraction analyzers.

Sun, air, wind water and carbon dioxide are the agents involved in the causes of the
exhaustion, damage and decomposition processes of the building rocks and plaster of the towers
under natural conditions.

Perfect protection of the towers, repair of existing damage and carrying out restoration work
is a very difficult process to implement, requiring a lot of time, experience and money. It is
especially difficult to fully protect those areas that are directly in the open space - natural
microclimate. Even if the study of the condition of building rocks, plaster and damaging factors is
carried out perfectly, it is actually impossible to completely eliminate these causes. One of the
main provoking factors of damage is the microclimate in which these processes occur, and
naturally, the influence of climatic features of the area is always preserved, therefore it is
necessary to constantly explore objects and monitor current processes.

Damage to rock and plaster is a heterogeneous process, depending on its type, climate, season,
and the character of tectonics. The same type of rock in the same area can be characterized by
completely different intensity and different levels of damage, which depends on the direction of
the wind flow, the frequency of rain, the influence of surface water, the characteristics of relief
and many other factors.

As is known, depletion can be mechanical (mechanic-freezing), physical-chemical, and
organogenic.

In case of mechanical exhaustion, the change in temperature is accompanied by the
compression and expansion of the rock (stone). There appear cracks and fissures (macro- and
microcracks on the stone of the object). The coefficient of thermal expansion of different rocks is
different. In the heat, cracks in the rock fill with water, which freezes as it gets colder. Ice expands
as it crystallizes. The volume of water in the crack increases and the crack expands. It is also
necessary to take into account the mechanical effects of wind, aeolian phenomena (deflation,
corrosion, etc.), which greatly affect the physical destruction of the stone.

The action of the wind is hindered by the damp air, although dampness in many cases

produces worse results than the wind.
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Chemical depletion: The air contains strong CO: and O: agents. Rainwater that freezes in the
rocks contains oxygen, carbon dioxide, and nitrogen. They cause chemical reactions (stronger at
higher temperatures) such as: hydration, dissolution, hydrolysis, oxidation, carbonation, etc.
Chemical depletion first erodes the top of the rock and then the inner layers (on a small scale, the
result of this process is called structural decomposition, and the end result here is also complete
decomposition).

Plaster samples were taken and provided by the customer. Visual and binocular observations
can clearly show different color and material composition of plaster samples. Some samples are
represented only by white plaster, some have admixtures of a small amount of (quartz-feldspar)
sand, others are half the amount, and sometimes the sand exceeds the amount of gypsum.

We examined samples from towers and other objects located in different villages of the
Ushguli community: 1) Mate Ratiani’s tower - village Zhibiani; 2) Dami Nizharadze’s tower — vil.
Chzhashi; 3) Zurab Nizharadze’s tower 1 — vil. Chzhashi; 4) Zurab Nizharadze’s tower 2 — vil.
Chzhashi; 5) Boria Kakriashvili’s machubi (dwelling house) — vil. Murkmeli; 6) Domenti
Nizharadze’s machubi - village Zhibiani; 7) Temraz (Rejib) Nizharadze’s tower- village Zhibiani;
8) Tower of the Church of the Savior - vil. Murkmeli; 9) Bikenti Charkseliani’s tower - vil.
Murkmeli; 10) Yura Charkvini’s machubi — vil. Chvibiani; 11)(Ghiorgi Charckseliani’s tower -
vil. . Murkmeli; 12) Soso Nizharadze’s machubi — vil. Chazhashi; 13) Lower Castle tower- vil.
Chazhashi; 14) Ilo Nizharadze’s tower - vil. Chazhashi.

From the samples submitted for study, a sample was selected for preparation of petrographic
sections and for caring out X-ray diffraction and X-ray fluorescence analyses.

Petrographic descriptions are given in Appendix 1. Petrographic studies were carried out on
an Amscope PZ600T-5M polarizing microscope which were performed according to the standard
manual. Simultaneously with the petrological studies, there were defined phase and chemical
composition in the samples submitted for research.

Data of X-ray diffraction analysis of samples are given in Appendix No. 2. Chemical
composition, defined by X-ray fluorescence analyzer (XRF EDX 3600) is given in Appendix #3.

As is known, plaster is obtained by mutual relation of quicklime (CaO), sand and water.

CaO + HHO —» Ca(OH)2

The final hardening of the plaster is related to the absorption of carbon dioxide from the air by
calcium hydroxide (Ca(OH)2) which takes place over decades and centuries by the following
reaction:

Ca(OH)2 + CO2 —CaCOs + H2O  and, finally, we get finely dispersed calcite.

This process is associated with long-term dampness in the building during the process of

hardening of the plaster.

GEORGIAN TECHNICAL UNIVERSITY TBILISI 2024
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As is known, slaked lime reacts with water forming calcium hydroxide Ca(OH)2, which binds

the building material together.
Conclusions

After the comprehensive laboratory study of the specimens of plaster, it can be concluded
that the plaster used as a binding material for the building stones of the towers sometimes differs
in mineral composition (possibly at different points of the same tower). Some of the samples are
almost entirely represented by calcium carbonate (calcite) and X-ray amorphous mass where
admixed (quartz-feldspar) sand is practically not found, in some cases it consists almost half of the
mass, and sometimes the sand exceeds the plaster.

The different material (mineral) composition of plaster may, to some extent, be caused by the

wrong choice of sampling location

Head of the Testing Laboratory of Republican Center
for Research, Diagnosis and Treatment of Substances = - g , A N.Poporadze
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