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Abstract. The scientific substantiation concept has been considered for the urban development and territorial
planning reconstruction principles of the urban area sections with dense building and difficult engineering-geological
conditions for scientific and technical support of all reconstruction processes and recommendations elaboration for a
safe and balanced development of built-up territories and more efficient use of housing estates in the present social and

economic conditions.
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1. Introduction

At present the construction in large cities is carried
out in the dense building conditions, that affects the
stability of the surrounding areas, changes its
equilibrium and causes significant changes in the
stress strain state of buildings and structures adjacent
building.

The civil engineering in a dense building
conditions, creates in each case, the set of additional
risks that should be considered in planning
reconstruction of the urban area, the development
of design and design-engineering documentation,
organization of new construction, safe operation of
new facilities and the surrounding buildings.

For the adjacent objects of the existing building
a new construction can cause a risk of injury,
disruption of the normal exploitation structural
deformation and sometimes crashes as a result
of soil bases infringement during the digging
works implementation on the deep excavation
development; the soil compaction and moving in the
basis active zone; as a result of additional loadings
from the new building, dynamic loads on the basis
from the fencing structures implementation with the
use of sheet piling, piles and anchors; vibration or
dynamic effects from the work of construction
equipment; and also disruption of normal insolation
and ventilation conditions, engineering maintenance,
objects improvement of existing buildings.

2. Statement of the problem

The construction in a dense building conditions in
the populated areas is due to one of a major issues —

the preservation of the existing adjacent buildings
located in the zone of influence of new construction
or renovation.

One of the most important factors determining
the qualitative state of industrial and civil
engineering, is strength and the absence of cracks
and local damage in buildings and structures on the
entire period of operation.

During the reconstruction of the urban territories
sections in a dense building conditions with the need
to use underground space and a unavoidable breach
of its equilibrium, there is activation of additional
processes in the basis and foundations of existing
buildings and structures.

Need to predict the consequences of this
activation became an urgent problem of designing
and construction of new facilities in the
reconstruction of sections of urban areas. The
solution to this problem is related to strength
maintenance of buildings and structures that depends
on the strength characteristics of soil foundation and
the complex causes and factors that can influence
their change.

Soils usually are complex disperse systems,
physical and mechanical characteristics can be
modified by various causes and factors.

One of the determining factors that influence the
fencing constructions scheme are the deformations
in the basis soils near the buildings foundations. At
present there are several effective models for
calculating the combined semispace, but to ensure
the uniqueness of the solution of this problem is not
possible.
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Therefore, in each particular case it is necessary
to carry scientific and technical support out, with the
relevant numerical investigation and subsequent
observations the behavior of buildings and structures
located on the territory under consideration in the
process of reconstruction.

Analyzing the degree of impact of new
construction on state grounds adjacent existing
buildings and structures in order to obtain reliable
results, is associated with the need to solve complex
scientific problems of continuum mechanics in a
comprehensive approach.

The solution of this problem issue is connected
with the development of a specific methodology that
is based on generalized dependences of nonlinear
soil mechanics, nonlinear theory of elasticity and
plasticity, due the nonlinear programming apparatus,
considering the deformable solids and heterogeneous
soil massifs interaction, to obtain patterns that allow
more reasonably determine the magnitudes of the
stress strain state of fencing constructions, bases and
foundations of surrounding building.

In this connection, the main problem is creating
the methodology for the areas stability analyzing
during the urban territory reconstruction in a dense
building conditions are considered for the possibility
of its influence areas research implementation to
obtain more valid results of numerous investigations,
to analyze the measures to strengthen soil masses, to
design the fencing protecting structures, and to carry
out the urban territory safe reconstruction in the
dense building conditions, based on the laws of
the nonlinear soil mechanics, nonlinear elasticity
and plasticity, connecting apparatus of nonlinear
programming and interaction deformable solids with
heterogeneous soil massives, based on the existing
mathematical soil model improvement, being in
conjunction with the adjacent building structures,
according to their different physical and mechanical
properties and spatial structures that significantly
affect on the stress-strain state of the soil masses
structures strengthening, of the surrounding buildings
bases and foundations, also in the preservation of the
existing buildings located nearby, as well as
prediction of the potential implications that at
present is the actual problem of modern urban
development and territorial planning.

3. Analysis of the latest research, publications,
regulatory documents

Analysis of the practical and scientific developments
experience on the complex problem of the existing
residential buildings reconstruction allows to note

the her major and growing relevance and national
economic significance especially in large cities.

Since the processes of urban areas modernization
concern many historical, social, economic, environmental,
architectural and urban planning aspects, which does
not always consistent with each other, there is
necessary to search the optimal solutions for each
time and specific urban conditions making.

Despite the urgency, has not yet been developed
the scientific foundations and practical guidelines
that impose into a unified system the whole complex
of theoretical, organizational, technical, socio-
economic, financial and other issues that determine a
solution of the problem.

As part of developing and updating the Master
Plan of the city of Kyiv on the period up to 2025
envisages the development of relevant concepts of
sustainable urban development, that has been
proposed a balanced development of all the main
city components — residential districts, industrial
areas, transport, green spaces, with maximum
preservation of the natural environment — in the long
term on the principle of "inside of the existing city
boundaries".

Thus, the urban substantiation of shelter location
has been provided by until 2025 in areas with dense
urban building, and in the city development concept
in the existing boundaries has been envisaged nearly
double the amount of housing fund, that in
conjunction with the social and physical
infrastructure lead to significantly higher the
building density, since considerable part of
construction is expected due to consolidation and
renovation of existing buildings.

In a modern regulatory management of urban
development activity in Ukraine today there is still
the trend of construction regulations development
based primarily on economic and technological
factors [The State...2002; The State...2008].

Despite some existing regulatory framework to
regulate urban district reconstruction in a dense
conditions, issues of need to consolidate a
comprehensive analysis of new construction
possibility in areas with existing buildings has been
remained unresolved, as well as the impact on
adjacent buildings and structures, in order to prevent
disorders the current situation and the required
scientific and technical support of the research,
design, construction and subsequent operation of the
new and existing facilities of the urban environment.

Analysis of engineering geological conditions of
different areas to assess their impact on the design
solutions for the dense urban districts reconstruction
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when it is necessary to apply a variety of special
activities for the strengthening measures and
territories protection.

At present the analysis of these systems can be
made by means of numerical simulation only, that
requires the use of appropriate mathematical
methods.

The difficulty of solving the relevant problem
tasks is not only in the creation or use of an
appropriate software package, but first of all in
making an substantiated physical and mathematical
model, that most correctly describes the non-linear
processes of deformation of the material
environment including the soil material, and in the
choice of design models and the implementation of
special computation algorithms, that ensure the
accuracy of the calculation results.

This situation is compounded by the fact that at
present there is no universal methods and models
that can be applied to any material and in different
environments.

Analysis of recent researches on the scientific
and practical solution to this problem, gives grounds
for assuming that the strength of buildings depends
on the strength characteristics of soil bases and
complex of causes and factors that can influence on
their change.

Complexity and a significant number of factors
that occur in the natural basis for the construction of
fortifications and their changes over time, etc. are
not considered by the calculations enough.
Deformations of fencing constructions change the
soil structure and reduce its mechanical strength,
lead to seepage deformation and surface
deformation, and are one of the main factors that
cause the accidental destruction of buildings and
structures.

In this regard the problem of the study and design
of soil masses strengthening structures for the urban
district safe reconstruction in the dense building
conditions is relevant, and its solution is possible
through improvements the existing mathematical
soil model considering its layered structure, that
significantly affects on the stress strain state of
strengthening fencing constructions as well as the
adjacent buildings foundations.

Analysis of regulatory documents and scientific
papers of national and foreign scientists, who
published in related sectors of civil engineering,
shows the presence of a large number of methods
and techniques for determining the structures stress-
strain state.

But the application of any particular method or
work can not account the soil structure complexity
considering the presence of weak layers,
development in the soil bases of the various
phenomena, their effect on the stress-strain state of
the fencing structures, soil masses strengthening
constructions, and also bases, foundations and
structures of existing buildings and structures [The
State...2006; The State...2009].

For the relevant calculations there is no
regulatory base, there are practically no method
investigation of the stress-strain state of the
surrounding buildings with discrete modeling of soil
foundation. Moreover, some of the existing
technologies of civil engineering, for example, the
piles implementation without excavation are new
and have not yet found a place in the standard
documents.

The methods application due to existing
standards and empirical correlations in assessing the
impact of new construction to the surrounding
buildings generate unnecessary strenght reserve, or
contrary lead to the destruction of the surrounding
structures, and ensuring the reliability of buildings
and structures, reducing the financial and material
costs, is an urgent problem of modern urban
planning.

The purpose of the work is to elaborate the
scientific substantiation concept of the urban
development and territorial planning principles for
the reconstruction implementation of the urban
districts with dense building and complicated
engineering-geological conditions for the further
scientific and technical support of all reconstruction
processes, and also recommendations generation
for a safe and balanced development of
built-up areas and more efficient using of
housing estates in the present social-economic
conditions.

4. Concept of the investigation methodology of
the new construction influence during the
reconstruction of the urban districts

The methodology of the interaction research of new
objects construction with surrounding buildings
structures has been develop in view of interactivity
of fencing and protective structures with soil
semispace in the ultimate state considering the
geometric and physical nonlinearity in the problem
statement in the realization of the complicated
loading evolution including active and passive load
and the effect of soil bases unloading.
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The methodology has been designed based on the
theory of nonlinear soil mechanics, nonlinear theory
of elasticity and plasticity, nonlinear programming
methods and the finite element method. New
modified models of the heterogeneity accounting
and the influence of the anisotropic properties of
multilayer soil space have been proposed in the
absence of friction between the layers.

The work is based on the idea of generalized
dependence of soil mechanics, that allows more
reasonably to determine the value of the stress-strain
state of the building structures which are in interaction
with complicated soil bases [Bazhenov et al. 2000].

Theoretical foundations of the proposed
methodology for stability analysis of the urban
territory sites consist in relations formation for
stress-strain state of the computational range from
the mechanics of deformable solids standpoint, with
the use of algorithms for solving problems of the
elasticity, plasticity, and creep theories, with the
construction of universal design models for soil
masses, that are being in conjunction with the
fencing constructions elements, with structures of
surrounding building, and the subsequent efficient
numerical methods for their computer realization
[Kislookyy et al. 2012].

In the computational scheme of the problem is
assumed a discrete modeling of a flat of soil
heterogeneous multilayer semispace with the
presence of cavities (excavation new buildings
underground premises of existing buildings) and
inclusions (elements of fencing constructions,
protective structures, foundations of the surrounding
buildings and structures).

The solution of the strongly nonlinear problem
has been constructed using equations in increments,
based on the first principle of virtual work for static
three-dimensional problem of nonlinear deformable
body. The variational equations describe the
equilibrium of the volume element of arbitrary
continuum in accordance with the energy method
approach to solving problems, regardless of its
physical properties adequately to such stress state
when a small additional effect may disturb this
equilibrium. This stress state is characterized also by
the fact the shear strength in elementary area is
defined in the limit state for this type of soil with the
significant development of shear strains in the array.
In the proposed method for solution stability of the
soil mass the criterion of soil stability or soil fluidity
in a single homogeneous isotropic elementary area
(finite element) is described in the universal form —

in the form of invariants of the stress state, on the
basis of the Mises extended flow criterion, using the
load surface by the Mohr-Coulomb criterion,
considering not only the second but the third
invariant of stress function tensor-deviator through
the Lode-Nadai invariant [Prusov 2009; Prusov,
Badakh 2010].

The described methods for the elastic semispace
calculating is based on the finite element method in
the relations of moment scheme in the formulation
of the plane problem of nonlinear deformable
solid including geometrical and physical
nonlinearity. In soil space modeling has been
provided essential heterogeneity of soil layers
and inclusions. The semispace stress state
assessment has provided the numerical results
comparison with the ultimate deformations and
displacements, that make it possible to consider the
local instability areas and the plastic deformations
development.

The research methodology of soil half using
nonlinear elasticity theory using the nonlinear
elasticity theory has provided reliable results of the
soil mechanics plane problem solutions considering
the given semispace heterogeneity, the presence of
layers with different physical and mechanical
characteristics, different boundary conditions,
arbitrary external influences. The application of this
methodology provides a quite accurate description
of the deformation mode of soil semispace in
interaction with structures of municipal facilities
and research the soil stress-strain state carrying out
with purposes to solve the real problems for
strengthening structures calculating in complicated
engineering-geological conditions.

The main content of scientific substantiation is
the following:

— the mathematical models development of the
inhomogeneous soil semispace stability in
interaction with the surrounding buildings and
strengthening structures;

— the basic equations development of complex
systems state and equilibrium considering the
geometric and physical nonlinearity in the problem
statement;

— the special algorithm elaboration for solving
systems of nonlinear equations;

— the numerical investigations carrying out in
order to validate the results reliability;
the deformation modification regularities
detection in the soil bases, foundations and
constructions of buildings and structures.
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Investigation of the interaction of soil bases with
objects existing buildings during the district
reconstruction processes is related to the definition
of the stress-strain state and stability of the soil
mass, and with the definition of deformability and
strength of fencing structures.

The resulting influence dependence of the
inhomogeneous soil bases on the municipal objects
state during its reconstruction have a completely
qualified practical importance, and the influence
estimation of heterogeneous soils inclusions with
different physical and mechanical properties in the
bases, and also the dependence establishing of the
deformed state definition of the existing buildings
and other municipal objects on these soil bases is
relevant and important objective of the civil
engineering industry [Tsyhanovskyy, Prusov 2004;
Tsyhanovskyy, Prusov 2009].

The developed methodology application for the
soil bases stability modeling and for the complicated
conditions impact assessing on the stress-strain
state of the existing building during the municipal
objects reconstruction has provided the refined
calculation of the strengthening structures elements
in the evolutionary technologies implementation of
external impact on soil bases space, and in the
context of extreme plastic deformation development.
The methodology of the stability numerical
investigation of soil bases toward the surrounding
buildings objects considering the soil space limit
equilibrium.

In results of numerical research have been
obtained the optimal design solving for urban
objects reconstruction in the dense building
condition, with given complicated engineering and
geological conditions, using a variety of discrete
models and soil types.

This is evidence of the universality of the
proposed research methodology and on the basis of
the analysis numerical investigations of the soil
stress state and bases stability assessment by
generalized design parameters have been developed
the principles for the urban district objects
reconstruction in order to predict the possible
consequences, defense of territories, and
preservation of existing buildings.

5. Conclusions

The methodology has been developed for modeling
the soil bases stability and estimating the difficult
conditions impact on the stress-strain state of

the existing buildings during the municipal
districts reconstruction and has been provided the
refined calculation of fencing structures elements
implementing the evolutionary technologies of
external influence on the underground space in terms
of limiting plastic deformation.

During numerical investigations of the soil bases
stability in the interaction with the surrounding
buildings objects it is possible to consider the limit
equilibrium state of soil semispace and its anisotropy
field influence.

On the basis of the methodology created has been
developed the stability mathematical model, and also
algorithms for nonlinear equations systems solving
using a combination of the method by disturbance
parameter continuation and the method by plastic
deformation development.

Organization of the wurban environment
reconstruction could be structured in the following
directions:

— the compliance to the regulatory legislation
and its subsequent reformation;

— the engineering and geological surveying and
analysis of multi-layered soil foundation;

— the state assessment of soil bases, foundations
and constructions of buildings and structures located
in the influence zone;

— the possibility of underground space using;

— the modeling of the new construction effects,
a deep excavation arranging, interaction with soil
masses strengthening structures;

— risk analysis and the conservation of existing
buildings protection areas;

— guidelines for planning and carrying out the
reconstruction of the urban territory sections in a
dense building conditions.

At the construction projects design in a dense
building conditions it is required a set of measures to
ensure the construction safety, with subsequent
monitoring that has provide natural observations of
the construction technical condition, of the adjacent
building, engineering geology and environmental
situation in the neighborhood, and a stabilization
period of operation of the object.

The specified set of activities provides
engineering investigations of the construction
site for the design solutions development and
methods of the object construction, ensuring
the preservation operational qualities of nearby
objects and the satisfaction of technological
security.
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In the construction design in a dense building
conditions it is necessary to choose the space-
planning and design solutions with the influence of
embedded structure on existing buildings, to provide
the fencing structures for excavation walls
strengthening, and construction of the new object
foundations sould be designed in accordance with
their effect on the stress state on existing objects and
to enable their independent settlement.

The research results of the stress-strain state
modeling of the fencing structures in conjunction
with the soil semispace have been adopted for
use in calculating of retaining walls during the
reconstruction design of the real objects.

The purpose has been to clarify the behavior of
filler constructions in interaction with heterogeneous
soil half-space, and to analyze of the stress-strain
state of fencing constructions of this object
considering the real difficult complex engineering
geological conditions and identify potential
hazards.

Implementation results of this research has been
allowed in some measure to reduce the possibility of
soil mass displacement, to reduce the risk of
destruction of structures strengthening, and to
improve the reliability of the further exploitation of
the constructioning objects, and existing buildings
and structures nearby in a dense building conditions
during and after reconstruction.
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E-mail: prusov@nau.edu.ua
[TokazaHo, sk OYAIBHHIITBO Yy BENMKHX MicTaX B YMOBaxX IIiJIbHOI 3a0yJOBH BIUIMBAE HAa CTIMKICTH IMPHIETIIIX
TEpUTOPIH, 3MIHIOE iX pIBHOBary i BHKJIMKA€ 3HAa4HI 3MIHU B HalpyXeHo-Ae(OpMOBaHOMY CTaHi OyJiBenb i cropyn
npuieriioi 3a0ymoBH. PO3TISIHYTO acmieKTH CTBOPEHHS METOIOJIOTI] aHalli3y CTIMKOCTI AIISTHOK MIiCBKOi TepUTOpii mpu
PEKOHCTPYKIIT B yMOBaX INIbHOI 3a0yA0BH JUIsL TOCHIPKEHb 30HU 11 BIUIMBY, OTPUMaHHS OOTPYHTOBaHUX pe3yJbTaTiB
JOCITIJDKEHb, YKPIMJICHHS IPYHTOBUX MAacHBIB, IPOCKTYBaHHS OrOPOJUKYBaIbHUX KOHCTPYKIIH, IpOBEAECHHs Oe3neyHol
PEKOHCTPYKIII TEpUTOpiH Ha OCHOBI 3aKOHIB HEJIHIHHOT MeXaHIKM IPYHTIB, HENIHIHHOI Teopii NpyXHOCTI Ta
IUTAaCTUYHOCTI, 3 MIIAKIIOYEHHAM arapary HeJiHIHHOrO NporpamMyBaHHS Ta B3a€EMOJii TBepAMX Ae(OPMIBHUX T 3
HEOJHOPIHUMHU IPYHTOBHMH MacHMBaMH, Ha OCHOBI BJIOCKOHAJICHHS ICHYIO4OI MaTreMaTH4YHOI MOJETi IPYHTOBHX
MacHBiB, IO 3HAXOAATHCS Yy B3aeMoAii 31 crmopyldaMu npuiersioi 3a0yloBH, 3 ypaxyBaHHSAM iX pi3HUX (i3uko-
MEXaHIYHUX XapaKTEPHUCTHK 1 IIPOCTOPOBUX CTPYKTYP, SIKi CYyTTEBO BIUIMBAIOTH Ha HAIPY>KEHO-Ie()OPMOBaHUI CTaH SIK
KOHCTPYKIII 3MIIJHEHHS IPYHTOBHX MAacCHBiB, OCHOB i1 (pyHIaMeHTIB mpwiernux OymiBedb Ta CHOPYH, TaK 1 Ha
30epexeHHsT iCHyrodoi mpmieriioi 3a0ymoBu B mutoMy. OcoOnmBY yBary HpUAIICHO TNPOTHO3YBAHHIO MOXKITUBUX
HACJIIJKIB, IO € aKTYaJIbHOIO MIPOOIEMOI0 Cy4acHOTO MICTOOYIyBaHHS Ta TEPUTOPIaAIbHOTO TUIAHYBaHHS.
KiouoBi ciioBa: BIIMB HOBOTO Oy IIBHUIITBA; 30€pPEKEHHsI iCHYI04O01 3a0y/10BH; PEKOHCTPYKIIISI MiCBKHUX TEPUTOPIH.

J.9. IIpycoB. BiausiHue HOBOT0 CTPOUTEIHCTBA M PEKOHCTPYKIUH YYACTKOB HA YCTOWYHUBOCTH TEPPUTOPHHI

B YCJIOBMSAX IVIOTHOM 3aCTPOMKHU

HanmonanpHbIN aBHAITMOHHBIH YHUBEPCHUTET, poctl. Kocmonasta Komaposa, 1, Kues, Yikpauna, 03680

E-mail: prusov@nau.edu.ua
Iloxa3ano, kak B yCJIOBUSX IUIOTHOM 3aCTPOMKHM CTPOUTENIBCTBO B KPYIHBIX IOpOJAaX BIUSAET HA YCTOMYUBOCTH
npujerarommux TCppMTOpHﬁ, N3MCHACT HMX PAaBHOBECHC U BbI3BIBACT 3HAYUTCIBHBIC HU3MCHCHHA B HAIPAKCHHO-
neopMUPOBAaHHOM COCTOSIHUM 3[IaHUI W COOPY)KEHHMH INpHJIerarouield 3acTpolKHu. PaccMOTpeHBI acrieKThl CO3aHus
METOJI0JIOTHU aHaN3a YCTOMYMBOCTH YyYacCTKOB FOPOACKON TEPPUTOPUU MPHU PEKOHCTPYKLMU B YCIOBUSX MIOTHOU
3aCTPOUKH JJIsl KICCIICAOBAHUI 30HBI €€ BIMSHMS, IOIyUeHUS! 0OOCHOBAHHBIX PE3YJIbTAaTOB HUCCIIENOBaHUH, YKPEIUICHNS
TPYHTOBBIX MAacCCHBOB, NPOEKTHPOBAHMS OTPAXKIAIOUINX KOHCTPYKIMH, NPOBENCHHS O€30MacHON PEKOHCTPYKIHMH
TEPPUTOPUN HA OCHOBE 3aKOHOB HEIMHEWHON MEXaHMKH FPYHTOB, HEIMHEHHOW TEOPUH YNPYTOCTH U IJIACTUYHOCTH, C
MOJKJIIOYEHHEM allnapara HeJIMHEHHOTO MPOrpaMMHpPOBAHUS W B3aMMOJCHUCTBHS TBEPIBIX ACPOPMUPYEMBIX TEN C
HEOJHOPOIHBIMHA TPYHTOBBIMHA MaCCHBAMHM, HA OCHOBE COBEPIIEHCTBOBAHMS CYIIECTBYIOLIEH MAaTEMAaTHYECKON MOJIENIN
TPYHTOBBIX MAaCCHUBOB, HAXOJSIIUXCSA BO B3aMMOJEHCTBHM C COOPYXKEHMSMH IPHUIIETAIOIIEN 3aCTPOMKH, C Y4ETOM HX
PA3IMYHBIX (PU3UKO-MEXaHUUECKUX XapAKTEPUCTUK U IPOCTPAHCTBEHHBIX CTPYKTYP, KOTOPBIE CYIIECTBEHHO BIMSIOT Ha
HaIpsHKEHHO-1e()OPMUPOBAHHOE COCTOSHHE KaK KOHCTPYKILMH YKPEIUIEHHS TPYHTOBBIX MAacCHBOB, OCHOBaHHH U
(hyHIAMEHTOB TPWICTAIONIUX 3IaHUI ¥ COOPYKCHHH, TaK U HA COXPAHCHHE CYIIECTBYIOIICH MPUJICTAIOIICH 3aCTPOHKH
B nenoM. Oco0oe BHMMaHHE Y/EJIEHO IMPOTHO3MPOBAHUIO BO3MOXKHBIX IIOCIEICTBUM, 4YTO SIBISIETCS aKTyaJbHOM
po0IeMOi COBPEMEHHOT'O I'Pa/IOCTPOUTEIHCTBA U TEPPUTOPHAIBEHOTO IIAHMPOBAHMS.
KiloueBnle cji0Ba: BIUSHME HOBOIO CTPOMUTENIBCTBA; PEKOHCTPYKLMSA TOPOACKUX TEPPUTOPHIL; COXpaHEHUE
CYILECTBYIOIIEH 3aCTPOUKH.
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