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ABSTRACT  

Russyi V.V. OPTIMIZATION OF ORGANIZATIONAL AND 

TECHNOLOGICAL SOLUTIONS FOR THE RESTORATION OF DAMAGED 

BRICK BUILDINGS - Qualifying scientific paper with manuscript rights. 

Dissertation for obtaining the scientific degree of Doctor of Philosophy in the 

specialty 192 Building and civil engineering. – Odessa State Academy of Civil 

Engineering and Architecture, Odesa, 2023. 

The work solves the main task of optimizing organizational and technological 

solutions for the restoration of brick buildings damaged as a result of military actions. 

The task was solved with the help of modern software complexes by: 

- carrying out a multi-criteria analysis of choosing an effective constructive and 

technological solution for repairing damage to brick walls; 
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- determination of the dependence of recovery indicators on the factors affecting 

them using experimental and statistical modeling according to the selected experimental 

plan; 

- optimization of organizational and technological recovery solutions by imposing 

restrictions and analyzing defined dependencies. 

An analysis of open information sources is performed in the dissertation study. 

Condition buildings and structures damaged as a result of military actions were analyzed 

with their photo and/or video recording. It was established that the most widespread type 

among them is brick buildings (74.26%) and the nature of their damage was determined. 

The next most common are damaged panel, large-block and frame buildings (14.08%) 

and other buildings and structures (11.66%). The main organizational and technological 

aspects of the construction of brick buildings are defined. 

According to the causes of occurrence, the nature of damage to brick buildings due 

to the influence of military actions is divided into 2 cases. The first case - the explosion 

occurred next to a brick building. In this case, in almost all cases, the exterior wall 

decoration, openings (windows and doors) and the roof are damaged at the same time. 

The second case - the explosion is of great power and happened next to a brick building 

or there was a direct hit. In this case, there is a partial destruction of the load-bearing 

structures and damage (or destruction) of the elements associated with them. In this case, 

related elements mean building elements that are damaged (destroyed) not by the impact 

of the explosion, but by its consequences. These include those caused by explosions: fires, 

redistribution of loads, collapse of elements, etc. The second case will be considered in 

the framework of this study. 

As a result of the analysis of open information sources, constructive and 

technological solutions for the restoration of brick walls and their external decoration 

were established. The analysis of existing methods and methods of optimization of 

organizational and technological solutions was performed. These include: methods of 

multi-criteria analysis and experimental-statistical modeling; methods of creating 

numerical models (estimates and organizational and technological models). 
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An analysis of the possibilities of current and future financial support of recovery 

processes in Ukraine was performed. The existing mechanisms of survey, involvement of 

material and technical resources and labor force, coordination on the part of the state 

authorities have been determined (a coordination headquarters for issues of de-occupied 

territories, a "restoration army" has been created, a register of damages, a program for the 

recovery of Ukraine, chatbots, etc. has been drawn up) to ensure recovery processes 

buildings damaged as a result of military actions. 

The following techniques and methods were used and developed to solve the main 

scientific task in the work. A general methodology for dissertation research has been 

developed, which includes methods and methods for solving individual problems: 

- developed methodology for selecting damaged buildings for experimental and 

statistical analysis; 

- the method of multi-criteria analysis to find the most effective solution for 

restoration; 

- methods of creating estimates and organizational and technological models; 

- the methodology of experimental-statistical modeling and the theory of experiment 

planning. 

According to the developed methodology, a building object damaged as a result of 

military operations was selected for numerical modeling - the communal educational 

institution of the Kyiv Regional Council "Vasylkivskyi profesiinyi litsei" in the city of 

Vasylkiv, Kyiv region. This object was damaged by a direct hit. The destroyed part of the 

load-bearing structures above the zero mark (brick internal and external walls, lintels, 

rafter system, ceiling), all openings, roofing, internal and external decoration of the 

school. 

Using the method of multi-criteria analysis, 55 structural and technological 

solutions for repairing the main damage to brick walls were compared step by step. The 

comparison was made according to the six most significant efficiency criteria ("increase 

in wall thickness after restoration taking into account energy efficiency requirements", 

"service life", "possible depth of crack formation", "range of possible depth of crack 

formation", "cost of restoration of a section of the wall taking into account energy 
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efficiency requirements external walls" and "versatility of use for brick wall elements"). 

As a result of the multi-criteria analysis, one of the most effective solutions for restoring 

brick walls was chosen - "Patent GB 593998 Method for repairing cracks in walls." Multi-

criteria analysis of the comparison of structural and technological restoration of brick 

walls was carried out with the help of the Microsoft Excel software package. 

When comparing the selected technologies using the method of multi-criteria 

analysis, the efficiency criteria varied within the following limits: 

- "increase in wall thickness after restoration taking into account energy efficiency 

requirements" - from 126 to 400 mm; 

- "operational durability" - from 15 to 100 years; 

- "possible crack depth" - from 40 to 380 mm; 

- "range of the possible depth of the crack" - from 5 to 60 mm; 

- "cost of restoration of the wall section taking into account the energy efficiency 

requirements of external walls" - from 1,029.77 to 27,775.14 uah/l.m.; 

- "versatility of use for brick wall elements" - from 1 to 3. 

The most significant indicators were selected: "cost of school restoration taking 

into account the inflation factor (Y )" and "duration of school restoration (Y2)". The 

factors that have the greatest influence on the restoration indicators were selected: "degree 

of damage to the brickwork (X1)", "degree of damage to the roof (X2)", "cost of facade 

decoration (X3)" and "degree of damage to the brickwork (R1)", " degree of damage to 

the roof (R2)", "labor intensity of facade decoration (R3)", "combination of works (R4)". 

According to the theory of experiment planning, two shortened plans for 

conducting the experiment were chosen, which make it possible to obtain adequate 

values: a 15-point plan for the indicator "cost of school restoration taking into account 

the inflation factor (Y )" and a 25-point plan for the indicator "duration of school 

restoration (Y2) ". 

The natural values of the factors affecting the indicator "cost of school restoration 

taking into account the inflation factor (Y )" varied within the following limits: 

- "degree of brickwork damage (X1)" from 15.47 to 46.41%; 
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- "degree of roof damage (X2)" from 18.15 to 54.45%; 

- "cost of facade decoration (X3)" from 137.88 to 221.40 uah/m2. 

The natural values of the factors affecting the recovery indicator "duration of 

school recovery (Y2)" varied within the following limits: 

- "degree of brickwork damage (R1)" from 15.47 to 46.41%; 

- "degree of roof damage (R2)" from 18.15 to 54.45%; 

- "labour intensity of facade decoration (R3)" from 3.09 to 3.85 man-hours/m2; 

- "combinability of works (R4)" from 77.4 to 79.1%. 

After choosing the main structural and technological solutions, 15 estimated 

calculations were made and 25 organizational and technological models of the restoration 

of the school damaged as a result of military actions were built. The AVK 5 software 

complex was used to make estimates. To bring the values of the indicator "cost of school 

restoration taking into account the inflation factor (Y )" to values adequate for today, the 

average coefficient of increase of the indicator of the cost of school restoration taking into 

account inflationary processes was introduced K. Organizational and technological 

models of restoration processes were built using the Microsoft Project software complex. 

As a result of building models according to the selected plans of the experiment, 

the values of recovery indicators were found, namely: "cost of school recovery taking into 

account the inflation factor (Y )" and "duration of school recovery (Y2)". 

Based on the obtained data, experimental and statistical modeling was performed 

in the COMPEX software complex, the result of which is the establishment of the nature 

of the relationships between the recovery indicators and the factors affecting them in the 

form of analytical and graphical dependencies. The obtained equations and diagrams of 

the degree of influence of each of the factors on the recovery indicators were analyzed 

separately, namely: the level of influence of each of the factors on the studied indicators 

was determined using the ranking of factors by the level of their significance built in the 

COMPEX software complex; the analysis of the cubic diagram of the influence of factors 

on the indicator "cost of school restoration taking into account the inflation factor (Y )" 

built in the COMPEX software complex was performed; 
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In order to find the optimal values of the recovery indicators, restrictions are 

imposed on the obtained graphical dependencies. They were applied both to the factor 

space and to recovery indicators. Namely, the following restrictions were adopted: 

indicators "cost of school restoration taking into account the inflation factor (Y )" and 

"duration of school restoration (Y2)"; factors "cost of facade decoration (X3)" and 

"compatibility of works (R4)". 

Zones of optimal values of recovery indicators in work are marked on graphical 

dependencies. The search for zones of optimal values of recovery indicators took place 

with the simultaneous effect of all imposed restrictions. 

The zone of optimal values of the indicator "cost of school restoration taking into 

account the inflation factor ( )" is  = 16,323...17,000 million uah. The reduction in 

the cost of restoration compared to the project solution, taking into account the specified 

restrictions, is  = 0.636...1.302 million uah. At the same time, the factors "degree of 

damage to the brickwork (X1)", "degree of damage to the roof (X2)" and "cost of facade 

decoration (X3)" vary within the following limits: X1 = 15.47...37.2%, X2 = 18.15 

...54.45%, X3 = 184.11...221.40 uah/m2. 

The zone of optimal values of the indicator "duration of school recovery (Y2)" is 

Y2 = 207...250 days. The reduction in the duration of restoration compared to the design 

solution, taking into account the given restrictions, is Y2 = 63...106 days. At the same 

time, the factors "degree of brickwork damage (R1)", "degree of roof damage (R2)", labor 

intensity of facade decoration (R3)" and "combination of works (R4)" vary within the 

following limits R1 = 15.47...30.94 %, R2 = 18.15...54.45%, R3 = 3.09...3.89 man-

hours/m2, R4 = 77.4...78.3%. 

Approbation of the research results in the conditions of active construction 

production proves their effectiveness and significance in the restoration of brick buildings 

damaged as a result of military actions. Namely: 

- LLC "ZARS" decided to implement the recommendations developed as part of the 

dissertation research; 
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- when using the results of the dissertation research, it was possible to significantly 

reduce the cost (10-15 %) and duration (5-10 %) of repair and restoration works at the 

facilities of the PE "Rusrembud" enterprise. 

The results of the dissertation research were published in 15 printed works; 

introduced into the educational process and scientific work of the Odessa State Academy 

of Construction and Architecture. 

The main scientific result is the following: development and improvement of 

methods, determination of patterns of change and optimization of the main indicators of 

organizational and technological solutions on the example of restoration of a brick school 

built according to a typical project, damaged as a result of military actions. 

The practical significance of the obtained results of the dissertation research 

consists in determining the optimal combinations of factor values for obtaining the most 

effective organizational and technological solutions for the restoration of brick schools 

damaged by military actions, built according to a typical project, taking into account the 

current restrictions. As a result of the dissertation research, recommendations were 

developed for the optimization of organizational and technological solutions for the 

restoration of brick buildings damaged as a result of military actions and a technological 

map for the restoration of the main type of damage to brick walls according to the selected 

most effective structural and technological solution ("patent GB 593998 Method for 

repairing cracks in walls"). 

Using the results of the dissertation research can reduce the cost by 3.6-7.6% and 

the duration by 20-34% of the restoration of brick buildings damaged as a result of 

military actions, taking into account the current restrictions. 

Keywords: restoration of brick buildings, buildings damaged as a result of military 

actions, numerical modeling, organizational and technological solutions, optimization of 

solutions. 

  


