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Abstract. The methodology for scientific substantiation of engineering preparation measures for urban areas
transformation and predict their possible effects has been developed on the basis of the analysis of stressed state
numerous studies and estimation of the foundations stability on the generalized parameters for the design, that allowed
to build the urban areas reconstruction principles in dense building and complex geology conditions, and make
appropriate recommendations to determine the impact and extent of rehabilitation engineering preparation necessary

for protection areas and preservation of existing buildings.
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1. Introduction

The current territorial planning development of
major cities is impossible without reconstruction and
transformation of urban areas, especially with the
existing dense historic building and complex
engineering geological conditions. This exceptional
value gains the theory and methodology
development  for  scientific and technical
substantiation, based on certain research methods
and calculations integration, and generalized
methods and general principles creation for
engineering  preparation of  urban  areas
transformation, the extent of the necessary
excavation and bases reinforcement, forecasting the
effects of new construction on existing buildings;
creation a system of risk assessment criteria and
principles of zoning of urban areas as the basis for
decision-making on urban design and planning stage
works, and the formation of sustainable urban
development for the efficient use of limited
resources, efficient development of urban areas
while preserving existing infrastructure.

Reconstruction of urban areas, especially in the
dense building, which also has great historical and
cultural value requires the scientific substantiations
at the stage of the adoption of fundamental decisions
on the character and feasibility of reconstructive
measures, as well as improved methods of predicting
the effects of certain buildings and construction
technologies [1].

2. Statement of the problem

For each such case, it is necessary to research and to
forecast the effects of the urban area transformation on
the stability of the system "new construction — basis of
territory — surrounding buildings". Thereby, the
relevant concept is to develop risk assessment of urban
areas transformation, taking into account the urban
territory characteristics, existing buildings structure and
condition, new construction options and the
introduction of risk factors of transformation and
predict the consequences of the mutual influence of
engineering-geological situation, surrounding buildings
and planned construction, which has become the basis
for reconstruction strategic planning in order to ensure
the stability its efficient operation and use due to
conservation and development area.

During the urban areas reconstruction with dense
areas and difficult geological conditions there are
certain difficulties maintaining constancy of the
urban area existing state, which is associated with
the problems of engineering preparation for new
construction by deep excavation arrangement, the
soil mass strengthening structures, on the stress-
strain state of basements, foundations and structures
adjacent area, that requires a comprehensive and
thorough researches of the combined half-space
considering its engineering and geological
structures, cavities and rigid inclusions.

In Ukraine over the last decade have been
established new terms of land use and development
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of the urban area, there is reforming regions in
planning the structure of large cities going with the
transformation of further territorial and development
planning, and foremost the modernization of housing
stock in the current building.

It is connected with the problem of selecting sites
for new housing, usually in the central areas with the
dense buildings and complex engineering-geological
conditions, which to a large extent dependent on the
use of limited areas, the equilibrium constant
violation of the "territory — building" .

In this situation the exceptional importance gets
creating a new concept of urban areas zoning for
transformation planning and execution and forecast
based on geotechnical properties of territory
characteristics, existing buildings parameters, and
new construction options, considering the degree of
risk-based criteria for assessing the possible effects
reconstruction and extent of the required engineering
preparation.

This concept of zoning has become the basis of
strategic planning transformations of urban areas in
order to ensure their sustainable and efficient
operation, for its preserving and developing.

The principles of zoning must consider the
impacts within the "territory — buildings -
construction" to predict its effects on pre-design
stages to produce approaches to strategic planning
and reconstruction of residential groups and
evaluation of territorial-building resources in order
to increase the housing stock.

Formation of sustainable urban development
should consider all aspects of sustainable
development big cities and all major constituent
elements and displays in the state urban doctrine,
based on objective materials and scientific and
technical substantiation and engineering support,
which should be the basis for the development of
effective urban policy, promising programs and
general plans.

Thus, to be developed balanced approach to
solving urban problems with the urban policy relevant
area of free intradistrict territory, which is one of the
most important and perspective challenges that will
improve the structure of urban land use, and organize
functionally the existing building.

3. Analysis of the latest research

Despite the large number of works in many areas,
using of any single theory or methodology does not
allow to explore all aspects of engineering preparation,

the full range of factors influence the reconstruction of
existing urban areas typically associated with the
construction of new facilities, the processes of soil
deformation in the adjacent foundations in dense
buildings and difficult geological conditions have been
insufficiently studied.

It requires the development and improvement of
special theoretical, design and planning decisions
due to the scientific substantiation the
reconstruction, development the effective methods
of mathematical modeling and research of
engineering preparation, that most closely allowing
for the specificity interactions with the soil half-
space structures, scientific and technical analysis of
the possible the amount of reconstruction, and the
creation of relevant concepts considering the impact
of urban transformation, predict its consequences,
and the principles of zoning the urban area, which
generally determine the priorities in the current issue
of urban engineering and territory planning [2].

The purpose of the work is to develop a methodology
for predicting the consequences of the urban areas
transformation with dense buildings and complex
geology for the urban territory zoning depending on the
risk exposure and further substantiation of decision-
making on the reconstruction of urban facilities, urban
planning and design principles for preserving of historic
buildings, engineering protection of urban areas, safe
and efficient development of built-up areas and their
rational planning in modern social and economic
conditions.

4. The concept methodology for the consequences
prediction of engineering preparation for the
urban areas transformation

It is associated with prerequisites of transformation
and reconstruction of districts, which should be
directed at solving critical challenges of modern
urban planning — the housing stock increasing, while
ensuring the most efficient use of urban areas.
Solving these problems is possible by increasing
housing districts territory in the old buildings
demolition, and additional new construction.

Historical, social, economic and environmental
prerequisites, architectural and wurban planning
aspects of transformation and reconstruction districts
have led to draw conclusions on the need for an
integrated approach to the reconstructive measures to
improve the functional and architectural planning of
residential development at the level of districts,
ensuring the most efficient use of urban areas by
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increasing residential districts territory by additional
new construction, as well as methods and assess the
impact of new construction in the territory for intra
existing building [3].

The development of large cities in modemn
conditions involves the rational use of local resources
through new construction on intra-quarter free areas
with dense housing, which is one of the most
important and perspective challenges of forming the
concept of development. A balanced approach to
solving the urban planning transformation problems
of central urban areas with the historical buildings
entails the use of problem-based interdisciplinary
approach to the analysis of various factors (historical
and urban planning, functional zoning, building fund
performance, usage areas etc.), involving many
sciences to prediction of complex processes that
accompany reconstruction engineering training areas
in the face of rising volumes of urban development
with a deficit-free areas will increase the efficiency of
urban planning decisions with predesign researches
and in variant design.

Within the concept of urban reconstruction
counted full set of interrelated and interdependent
factors and simultaneously solve territorial and
technical problems. Giving priority to one of the areas
will inevitably lead to a breach of a sustainable
balance within another, and it affects on the state and
perspectives of the urban development.

The current normative regulation of the urban
environment reconstruction in a dense housing
problems associated with creating the legal
framework for regulating the ratio between and new
construction, and rationing in the existing historic
environment as fixing issues remain unresolved need
for a comprehensive analysis of the possibility of
new construction in the territories with the existing
building, its effects on surrounding buildings and
structures, in order to prevent accidents and the
necessary scientific and technical support to the
whole process of research, design, construction and
subsequent operation of new and existing facilities
in the urban environment reconstruction.

At present, the sequence of procedures urban
regulations that are needed to build the concept and
realization of the process of reconstruction of open
space residential district is the following. As a result
of the data identified based on the initial information
gathering and analysis is carried out the preproject
requirements specification. Then it is developed the
concept of open space specific area, with the
maximum regard the interests and requirements of

different sides in the development of existing formed
areas due to its reconstruction. As a result of a
comprehensive analysis it is performed the final
decision selection on the architectural-planning
transformation of the open space residential district.
Further the city or county administration forms
design task, considering the limited funds of the
municipal budget and the need to raise investors
funds.

Overall, the reconstruction of the urban area is
related to the solution of a number of separate
narrow specialization of researches on engineering
problems forming area, which currently have
significant branching theoretical developments, and
the proposed methodology are interrelated and
comprehensively to determine the state of a complex
combined environment consisting of ground bases
and foundations of buildings and structures, and the
problem of stability analysis sections of the urban
area during its engineering preparation, risk
assessment and forecast of reconstruction areas.

The methodology for the consequences
prediction of engineering preparation for
transformation the urban areas in dense building and
complex geology conditions is based on a
comprehensive analysis of the factors influencing
engineering preparation to the surrounding building.
The engineering preparation carrying associated
with a significant breach of the ground base area,
usually by deep excavation arrangement that in
dense housing conditions necessitates a solution of
complex engineering problems and conduct relevant
research, that resulted stresses and strains values of
soil foundations, strengthening of structures deep
pits, and consequently deformation of surrounding
buildings and structures.

During engineering preparation is necessary to
consider the filtration processes and changes of
groundwater levels in built up areas, and research
relevant changes in the properties of soils due to
anthropogenic  influence, is implemented in
methodology and can more accurately determine the
stress-strain state of soil base area and the need for
appropriate measures antifiltration .

The amount of the assessment and consolidation
methods for optimal soil areas in limited
construction conditions depends on the scale
geotechnical measures to strengthen the foundations
of ground during areas engineering preparation,
considering complex geological conditions and
characteristics, and therefore proposed the scientific
basis and scientific technical support the
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reconstruction, with further implementation of a
special measures complex to strengthen the ground
massives, thus preserving the historic building cities,
and advantageous to use internal quarterly space.

The proposed methodology reconstruction of
urban areas is based a complete system of interactions
between scientific (research) and engineering (design)
approaches, integrating research directions to address
contemporary issues of the urban environment
reconstruction; and research opportunities initial
situation and its main parameters, the scientific basis
of planning, design, technical implementation all
phases of reconstruction, scientific and technical
support urgent the reconstruction processes and the
impacts on the building assessment.

This methodology is significantly different from
existing approaches by sciences integration, including
mechanics of deformable solids, soil mechanics,
structural mechanics, design tools, involving bases
and foundations, building structures, buildings and
structures, and urban planning theory; with the use of
interdisciplinary problem solving various approaches
to research and development activity as the subject,
and controls the development of the urban
environment as an object.

During the reconstruction of urban territories
through new construction in a dense housing,
including large-scale use of underground space in
complex geological conditions, there is additional
activation processes in soil base areas and foundations
of existing buildings. The need to predict the
consequences of this activation has become an urgent
problem, not only in design and construction, as well
as long-term planning of development of urban areas.
This kind of problem while connected with such
scientific fields as nonlinear theory of elasticity and
plasticity, nonlinear soil mechanics, structural
mechanics of combined structures, engineering
geology, the deep foundations analysis and design,
the soil mass strengthening structures calculation, and
the study of the existing structures buildings behavior
in the changed conditions. To solve such problems of
the scientific and technical substantiation of the urban
territories reconstruction making in the above
circumstances, it is necessary these sciences
association of civil engineering industry within the
general setting, i.e. taking into account geometrical
and physical nonlinearities, subject to the boundary
condition at different stages of heterogeneous
materials deformation, interaction different module
materials, solids of the a continuous elastic-plastic
medium, etc. [4, 5].

This scientific and methodological concept of
urban engineering aims to support and ensure the
system of urban design and planning, providing active
balance of all components of the urban environment
in the local level, by setting specific targets, followed
by the introduction of scientific practice planning,
design, management development urban
infrastructure, and the development of new relevant
regulations.

The methodology for urban areas transformation

scientific support is based on the stability
investigations of the system "new construction —
territory foundations — surround buildings", the

definition of the reconstruction possibility on the
urban areas characteristics, structure and condition of
existing buildings, new construction parameters, and
the introduction of risk factors for urban territory
transformation and predict the consequences of the
mutual influence of engineering-geological situation,
surrounding buildings, and the planned construction.

For a comprehensive analysis of the urban setting
parameters is developed the system of risk
assessment and forecast of the transformation of the
urban area, which is associated with scientific and
technical support for the new building, the
surrounding area monitoring, to provide a solution in
urban  engineering,  architectural, structural,
construction and technological problems with
minimal risk of errors that are not regulated by
applicable norms and standards, and without
sufficient experience or direct analogues in native
and international practice.

The investigation of the bearing capacity
evaluation of the "building envelope — soil
foundation — surrounding buildings" to ensure the
strength and stability of the combined environment
can be made only on the basis of improved
mathematical model of soil behavior considering its
heterogeneous  structure, cavities and rigid
inclusions, and using nonlinear theories foundations
and methods of calculation to determine stresses and
strains. These studies are conducted on the basis of
geological surveys, which are taken from the
physical and mechanical properties of soils and
characteristics of buildings or structures located in
the zone of new construction influence and
calculation results are conclusions about the stability
of the soil mass, strengthening engineering
structures (fencing of pits) and total stress-strain
state of the combined space.

Thus, the renovation of urban areas in dense
buildings and complex engineering-geological
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conditions necessary stages of its implementation is
the engineering survey and inspection of the
surrounding area (possibly with the use of unmanned
aircraft systems fitted with remote sensing),
designing objects with all the above factors relevant
to the development of engineering documentation
with the construction and installation works and
monitoring facility adjacent buildings and areas, and
required scientific and technical support for safe
execution of all processes of reconstruction of the
urban area with dense housing for its preservation
and protection areas.

5. Conclusions

Based on the risk assessment researches and forecast
of the urban areas transformation for a substantiation
an integrated approach to urban planning
reconstruction of residential development, the need
for scientific and technical support to its
implementation in order to preserve the surrounding
buildings and structures and protection areas; design
principles and implementation of these approaches
in the practice of urban development. It will enable
to develop urban development, and the transition
from considering the construction of certain
facilities to integrated planning reconstruction of
microdistricts, and to the districts and areas
reconstruction planning while ensuring preserving of
existing buildings and its safe operation.

The recommendations can detect correlation
characteristics  urban  engineering  residential
development that has arisen, and her account of
spatial development in stability and bearing capacity
of foundations and territorial-building resource. The
concept of risk assessment and forecast of the urban
areas transformation by analyzing the urban areas
characteristics, existing buildings structure and
condition, new construction parameters and
introduction the risk factors of urban territory
transformation and predict the consequences of the
mutual influence of engineering-geological situation
surrounding buildings and the planned construction,
should be the basis for strategic planning
transformations of urban areas in order to ensure the
stability of their functioning and rational use due to
conservation and development area.

Subsequently, on the basis of the methodology
for assessment and forecast of the urban territory
transformation can be solved the problem of urban
areas zoning for planning and safe execution their
conversion based on geotechnical properties area,
characteristics of existing buildings, and new
construction parameters, considering degree of risk-
based criteria for assessing the possible effects of
reconstruction and the extent of the required
engineering preparation. This concept of zoning has
become the basis of strategic planning
transformations of urban territories to ensure the
stability of their efficient operation and use for
preserving and developing area.
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TEepUTOpPiil Ta MPOTHO3YBAaHHS X MOXIMBUX HACIIAKIB, Ha IIJICTaBi MPOBEICHOTO AHANI3y YHCEIBHUX IOCIIKEHb
HAaIpy>KEHOT0 CTaHy Ta OLHKU CTIHKOCTI OCHOB peajilbHUX 00’€KTIB 3a y3araJlbHeHUMH NapaMeTpaMu IpPOEKTYBaHHS,
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[IpemnoxkeHa METOHONOTHS HAYyYHOTO OOOCHOBAHHS MEPOIPHSTUN IO HHXKCHEPHOH MOJTrOTOBKE MPEoOpa3OBaHUS
TOPOJCKUX TEPPUTOPUN U MPOTHO3UPOBAHMSA MX BO3MOKHBIX IOCJIEACTBUI, HA OCHOBAaHHHU IPOBEJCHHOIO aHalIM3a
MHOTOYHCIICHHBIX HCCIIEOBAaHUI HAMPSHKEHHOTO COCTOSHHSA M OLIEHKH YCTOHYMBOCTH OCHOBAHHN pealbHBIX 00BEKTOB
Mo 00OOIIEHHBIM HapaMeTpaM NMPOEKTUPOBAHKSA, YTO MO3BOIMIIO MOCTPOUTH MPHUHIUIBI TPOBEACHUS PEKOHCTPYKIUU
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