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Comprehensive approach to scientific
and technical support of unique facilities
at all stages of the life cycle

The modern construction industry is moving inexorably forward, constantly increasing the uniqueness of invest-
ment and construction projects. Unique objects, whether they are unique high-rise buildings or large-span ones,
require a special approach at all stages of the life cycle of construction projects.

Scientific and technical support at all stages of the life cycle plays a key role in ensuring the safety, reliability and
efficiency of such facilities.

However, the lack of an integrated approach to the maintenance of such facilities can lead not only to an increase
in project implementation time, but also to the risk of abnormal situations during the implementation of projects
due to the failure to perform certain types of work within the framework of scientific and technical support.

This paper discusses the formation of an integrated approach to scientific and technical support at each stage
of the facility's life cycle in order to minimize risks during the implementation of investment and construction pro-
jects.

Aims and Goals. Development and justification of an integrated approach to scientific and technical support of
unique facilities at all stages of their life cycle. This paper is aimed at identifying key approaches that ensure ef-
fective process management within the framework of scientific and technical support, minimizing risks and im-
proving the safety of unique facilities.

Materials and methods. The paper considers an integrated approach to scientific and technical support of
unique facilities, which is based on the analysis of the regulatory framework, practical experience in project im-
plementation, as well as the integration of theoretical and practical methods. The main focus is on the formation
of methodology and fundamental principles, in terms of an integrated approach that ensures effective manage-
ment of facilities at all stages of their life cycle.

Keywords: scientific and technical support, methodology, construction, architectural and construction design,
unique high-rise buildings and structures, buildings of class KC-3, construction and design of unique high-rise
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buildings and structures

INTRODUCTION

odern trends in the construction industry
M tacitly lay the foundation for the develop-

ment of various kinds of work, in particular,
on scientific and technical support of unique build-
ings and structures.

According to GOST 27751-2014, p. 2.1.21: “Sci-
entific and technical support: a set of works of re-
search, methodological, expert, control, informa-
tion-analytical and organizational-legal nature,
performed by specialized research organizations in
the process of research, design, erection, opera-
tion, reconstruction or dismantling of construction
objects to ensure their reliability, safety, functional
suitability and durability” [1].

The purpose of the article is to conduct a com-
prehensive approach to scientific and technical
support, both at individual stages of the life cycle of
the construction object, and the relationship of sci-
entific and technical support between the stages:
engineering surveys, design, construction and fur-
ther operation of the object.

The peculiarities of the performed works, taking
into account the specificity of unique buildings and
structures, within the framework of STS survey
and design, as well as the peculiarities of design
of underground and above-ground components of
the object are considered; the interrelation between

the results of STS P and STS C works is determined.
Practical examples of realization of scientific and
technical support at different stages of the life cycle
of the construction object are given.

Unique objects are various buildings and struc-
tures that have additional requirements for design
and construction, in this regard, one of the ways
that affect, first of all, to ensure safety, is the mecha-
nism of scientific and technical support (STS).

Conducting scientific and technical support
should be comprehensive, in order to consider
the most possible criteria and analyze the occur-
rence of different scenarios.

At the stage of pre-project work, the develop-
ment of architectural and urban planning concept, it
is necessary to analyze and determine the compo-
sition of work on the STS.

These works may include: modelling and “land-
ing” of the building based on the results of the per-
formed SGI, assessment of construction impact,
development of recommendations to the pro-
gramme of engineering-geological surveys, justifi-
cation of possible deviations from the current regu-
lations in terms of volumes and methods of surveys,
analysis of archival materials in terms of engineer-
ing surveys, evaluation of the obtained data to en-
sure safe design [2].

Formation of the final set of works on STS will
depend on the received initial data on the object.
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Specifics of unique buildings

and structures KS-3

Il

{

Classification of objects of KS-3
In accordance with the guidelines of clause 2 of article 48 1
“Particularly dangerous, technically complex and unique objects”
of the Town Planning Code

I

Height of more than 100 m, for wind turbines —
more than 250 m

Spans of more than 100 m

The presence of a console of more than 20 m

TN

Burial of the underground part (fully or partially) below
the planning ground level by more than 15 m

]
)
)
)
)

i

(Complexity and irregularity of unique buildings and structuresj
]

Non-typical architectural and structural solutions: often have complex shapes,
large spans, cantilevers, complex nodes and connections
Innovative materials and technologies: can utilize new building materials, technologies
and engineering systems that require a special approach to design and construction

)
)

Innovative materials and technologies: can utilize new building materials, technologies
and engineering systems that require a special approach to design and construction

J

Unique functional requirements: can be designed for cpecial
purposes requiring special engineering solutions
(e.g. airports, stadiums, nuclear power facilities, etc.)

\

Features during design and construction )
]

Necessity of interdisciplinary approach: require close interaction of different specialists:
archtects, designers, engineers, surveyors, etc.

)

High precision and guality requirements: high precision in design and construction
as well as strict quality control at all stages must be ensured

Y
Operational peculiarities
]

( )

Increased reliability and safety requirements: reliable and safe operation
throughout the entire life cycle must be ensured

Necessity of technical condition monitoring: continuous monitoring of technical condition
is required, including the use of automated systems

(

Need for customized calculations and studies: often require special calculations,
testing and modeling

Need for emergency response plans:
specific emergency response plans should be developed

(

Application of STS: often requires the development of site-specific
special technical specifications (STS)

)
)
)

Special attention to fire safety: require increased attention to fire safety

)
)
)
)

Fig. 1. Specifics of unique buildings and structures

Unique objects are buildings and structures that require a spe-

cial approach to design and construction, and one of the mecha-
nisms contributing to safety is the mechanism of scientific and tech-
nical support (STS) (Fig. 1).

The relevance of the study, in terms of STS, is also due to
changes in legislation, in terms of design of buildings and struc-
tures, namely, the transition from the development and coordination
of special technical conditions and approval of compensatory mea-
sures to the development and implementation of scientific and tech-
nical support [3].

The scientific and technical support should become compre-
hensive, in order to consider the most possible criteria and analyze
the occurrence of various scenarios.

At the stage of pre-project work, the development of architec-
tural and urban planning concept, it is necessary to analyze and
determine the composition of work on STS.

Formation of the composition of works, which would be optimal
and sufficient for scientific and technical support, is one of the most
important stages, which, for example, may include a variety of
works, including:

e development of recommendations to the programme of engi-

neering-geological surveys;

e justification of possible deviations from the current normative
documents in terms of volumes and methods of surveys;

e analysis of archive materials and previously performed sur-
Veys;

e evaluation of the obtained data to ensure safe design;modelling
of geological environment reaction to earthquakes and devel-
opment of a set of synthesized accelerograms for calculation
studies of earthquake resistance of buildings and structures;

e development of additional requirements for the calculation

and design of buildings and structures of the facility taking
into account the high seismic activity of the construction site
and other dangerous natural processes, with the perfor-
mance of verification calculations and quality control of
the facility design [4].

Scientific-technical support during the construction phase is
essential to improve efficiency, specifically, to reduce the amount of
time required for the work. However, the regulatory documents par-
tially reflect organizational and technical measures that can affect
the efficiency of construction.

It is crucial not only to develop a methodology for providing
scientific-technical support at various stages of the life cycle of
an investment and construction project's life cycle, but also to con-
duct a comprehensive assessment to ensure the correct formation
of the composition of the work performed [5].

A list of areas for analysis and further organization of scientific
and technical support work.

1. Conducting a comprehensive assessment of the surrounding
site development.

During the stages of conceptual design and the initial phase of
project development, an integral part is the analysis of the immedi-
ate construction site and the surrounding area to identify and locate
capital construction sites, cultural heritage sites, underground net-
works, and structures that cannot be dismantled, as well as other
underground utilities that may affect the future progress of the proj-
ect. This includes conducting various types of engineering surveys,
as well as providing scientific and technical support for design and
foundation engineering.

The analysis also involves verifying the accuracy of calculated
soil models and calculating methods, performing foundation calcu-
lations when structures and foundations are working together, and
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Fig. 2. Analysis of surrounding development

checking the bearing capacity and stability against the ascent of
foundations of the stylobate section (Fig. 2, 3).

2. Carrying out STS works at the stage of engineering surveys
(geological risk assessment, SIA)

The volume of construction of high-rise buildings is constantly
increasing. In this regard, before the start of design and survey
works, it is important to determine the necessary and sufficient list
of both types of works and the composition of works directly on
the engineering survey works.

In addition to the correct definition of the composition of scien-
tific and technical support, within the framework of engineering sur-
veys, there is a possibility of carrying out other works, depending
on the conditions of the construction site or after the analysis of
data obtained during the survey, for example, such works can be
modelling the response of the geological environment to earth-
quakes, the development of a set of synthesized accelerograms to
perform computational studies of earthquake resistance of unique
buildings and structures, the development of additional require-
ments for calculation.

In this regard, the development of a comprehensive approach
and the formation of a methodology for scientific and technical sup-
port of unique buildings and structures is an urgent problem that
requires elaboration [6, 7].

3. Carrying out STS work at the design stage.

In the design of unique buildings and structures, several parts
of the facility can be distinguished, viz:

1. Design of excavation enclosure structures.

2. Design of foundations and bases of unique buildings and
structures.

3. Design of underground and above-ground parts of unique
buildings and structures.

When constructing excavation enclosure structures for high-
rise buildings, there are a number of peculiarities that need to be
taken into account in the design.

High-rise buildings, as a rule, have an underground part made
under the protection of the enclosing structure. The excavation en-
closure structure (wall in the ground, sheet pile, etc.) located close
to the foundation slab and buried below the bottom of the excava-
tion can create (if one or more edges of the foundation of a high-
rise building are located next to the excavation enclosure) an inho-
mogeneous (asymmetric) stress state in the foundation base, which
changes the shape of the foundation slab deformation and causes
additional building roll [8].

This impact of the excavation fence depends on:

e depth of the excavation, material;

e the depth of the excavation and the method of excavation

fencing;

e dimensions of the excavation in plan;

e soil conditions;

¢ loads acting on the foundation from the building and other

factors.

Given the high sensitivity of high-rise buildings to uneven settle-
ment, the normative literature recommends that the high-rise build-
ing should be located in the center of the excavation.

In case of impossibility, its influence should be taken into ac-
count in the design by joint calculation of the foundation soil, exca-
vation enclosure and building structures, including the foundation.

>
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Fig. 3. Planting of the complex. Fencing structures of the excavation

When calculating the foundation, the method of construction of
the enclosing structure is important.

Fig. 3 shows, as an example, the planting of a complex, which
consists of multi-height buildings, next to the excavation enclosure.

In the construction of foundations of high-rise buildings there
are a number of peculiarities that must be taken into account in
the design, as well as in the scientific and technical support, within
the framework of the design and working documentation, with sub-
sequent recommendations for the work [9, 10]:

1. Due to the fact that the pressure along the foundation foot-

ings of high-rise buildings can be many times greater than for

buildings up to 75 m high, this requires special survey work, as

laboratory and field surveys.

2. The existing norms apply to the calculation of the bearing

capacity of a pile up to 35 m long (resistance at the lower end

of the pile) and up to 40 m long (resistance at the lateral sur-

face). Since modern projects are characterized by significant

height, this may not be sufficient for foundations of high-rise

buildings, as the length of piles can reach 70 m.

3. Under significant loads (1-2 MPa) transferred to the sub-

strate, it is necessary to take into account both the strength and

deformation characteristics of rocky and non-rocky soils with

E > 100 MPa, which are considered in accordance with current
regulations (CP 22.13330.2011)", as incompressible, as well as
an increased stress distribution zone in the ground, both in plan
and depth, which can lead to an increase in soil layers that
absorb the load from the foundation. This can have a particu-
larly strong effect if the layers are uneven.

4. An increase in the depth and width of the compressible layer
in the soil leads to a longer time for soil consolidation to com-
plete and a longer duration of the precipitation process.

5. If the foundation is built on soils with different coefficients of
consolidation, both primary and secondary, it is important to
consider the possibility that due to the uneven stress-strain state
of the soil at the intermediate stage of consolidation, the consoli-
dation of different types of soil may occur at the same time. This
could lead to the building tilting beyond the limit values.

6. An increase in the size of the deformable area of the founda-
tion can have a greater impact on surrounding buildings and
structures, including water-carrying communications. This must
be taken into account when calculating and carrying out work.

1 SP 22.13330.2011. Soil bases of buildings and structures. Date of introduction

2011.05.20.
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Insufficiency of completed works on the analysis of the surrounding
development. Necessity to conduct NTS in the part of surveys.

Insufficient analysis of normative documents, both within the framework
of the constuction site under consideration, buildings, structures, etc.
located on the site (including undergraund structures), which may be of
value to the state — possible refusal to approve project or the need
to revise it (including underground), which may be of value to the state —
the project may be denied approval or need to be redesigned

Insufficient analysis of geological conditions — errors in the design
of the foundation and underground part of buildings and structures, which,
respectively, will cause uneven settlement of the building, deformations
and possible deformations of structures

Unidentified aquifers can lead to many problems in terms of excavation,
structural corrosion and the need for additional drainage work

)

Features of the integrated approach. Stage of design and SMS

Failure to correctly identify the composition of structures, facilities

[and unilities to acsess the impact of construction and furher monitoring

(

There is an increased risk of emergencies due to incompletely

identified composition of structures and facilities

(

Reduced ability to provide adequate security for the conservation

and normal operation of existing buildings and structures

(

Relationship between the implementation of the pre-project phase
and the design phase

)

Relationship between the implementation of the pre-project

phase and the design phase, in terms of conducting NTS P
Engineering surveys (geodetic, geological, environmental etc.,
including special surveys), study climatic conditions, existing
infrastructure and other factors.
Design stage (NTS P): analysis and evaluation of engineering
surveys, including the study of climatic conditions, existing
infrasructure and other facrors.
Surveys, including the determination of sufficiency/insufficiency

\ of the preliminary surveys conducted

Carrying out design work to formulate preliminary solutions for
archtectural, structural and engineering systems design solutions
for architectural, structural and engineering system solutions.
Design stage (NTS P): analysies and evaluation of the executed
design solutions, including modeling of the NTS system, modeling
|| of the NTS of the system, engineering systems, design soluting,
including modeling of the NTS system, alternative calculation, etc.

Result: determination of the correctness of the implemented design
colutions, as well as of the performed preliminary calculations, etc.
The result: determination of the correctness of the implemented design
solutions as well as of the performed preliminary investigations

Fig. 4. Peculiarities of the integrated approach to conducting STS

During the construction of structures of the underground and
aboveground parts of high-rise buildings a number of features arise
that must be taken into account when designing [11].

1. Wind loads and aerodynamics:

e high-rise buildings are subject to significant wind loads,

which can cause fluctuations and vibrations.

As part of the design and scientific and technical support, com-
plex aerodynamic modelling is carried out, the aim of which is to
provide recommendations on the assignment of aerodynamic coef-
ficients for wind loads used in the calculation of load-bearing struc-
tures and enclosing facade systems of tall buildings of the facility.
Additionally, the assessment of the level of relative wind comfort in
pedestrian areas is conducted.

2. Vertical and horizontal deformations:

e shrinkage and creep of concrete: the need to take into ac-

count long-term deformations;

e temperature deformations: due to temperature fluctuations,

stresses occur in structures;

e tilt and differential settlement: it is important to ensure an even

distribution of loads on the foundation.

3. Fire Safety and Evacuation:

e fire resistance of structures;

e smoke protection, smoke-free stairs, and individual elements

of buildings and structures;

e safety zones and elevators (including for evacuation purposes).

4. Architectural planning and energy efficiency solutions.

J

Relationship between the implementation of the pre-project stage and the con-
struction and installation stage (analysis of the implementation of NTC | + NTC P)

[Analysis of performed survey works (geodetic, geological, environmental, etc., h

including special ones), design documentation, calculation model. 1st of the most
critical nodes.
Design stage (NTS P): analysis and evaluation of engineering surveys, including
special ones, suveys, including determination of the sufficiency/insufficiency of

\ the preliminary surveys conducted. Y,

[The interrelation of the pre-deign and construction stages within the framework of NTS\
consists in translation of the results of NTS of survey and design in terms of specific
organizational and technical solutions ensuring optimization of various types
of works, reliability of erected structures and safety of surrounding buildings.
Intergration of NTS data at the construction and erection stage requires strict quality
control of materials and works, geodetic and geotechnical monitoring of possible
deviations and deformations, as well as copliance with design solutions, which is
ensured by close interaction between project participants and justification of possible
solutions in connection with deviations within the framework of scientific and technical
support of construction.

Efficient implementation of the NTS at the construction and erection stage, based on
the pre-design analysis data, guarantees compliance of the facility with safefy, reli-
\ability and durability requirements, minimizing risks and optimizing construction costs )

Carrying out scientific-technical support work at the construc-

tion stage

The main organizational and technical solutions, in terms of scien-

tific and technical support during the construction phase, are [12, 13]:

e the formation of a work plan for the implementation of scien-
tific-technical support for construction;

e development of recommendations for quality control of mate-
rials, joints, and fasteners;

e conducting control tests on materials, joints, and fasteners.
Quality control of installed structures, including using instru-
mental methods, if necessary. Determining the scope of con-
trol within the scientific-technical support programme;

¢ providing scientific and technical support in solving technical
issues arising during the construction of the building;

e quality control of construction and installation works (CIW) at
all stages of the construction process, in accordance with
the scientific and technical support programme or schedule,
which forms an integral part of the scientific and technical
support contract;

e control over compliance with the project for the construction
of the building's structures, and, if necessary, development of
proposals to strengthen or modify the structures;

e analysis of structural health monitoring data for a building un-
der construction;
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e assessment of compliance and performance of structures

built with design deviations;

e development of recommendations to address identified struc-

tural deficiencies.

The programme of scientific and technical support during
the CIW stage is formulated at the design phase, and it may involve
an analysis of the solutions developed in the working documen-
tation.

The implementation of scientific and technical support is pri-
marily based on the provisions of GOST 27751-2014 [1] and
SP 539.1325800.2024 [2].

To summarize, it can be said that providing scientific-technical
support during the design phase of unique high-rise buildings is
crucial, considering the complex and often individual characteris-
tics of both the underground and above-ground components of
such unique structures.

In order to ensure not only the necessary safety during the opera-
tion of unique buildings and structures, but also to optimize design
solutions, it is important, within the framework of scientific and techni-
cal support of engineering surveys, to determine the necessary com-
position of organizational and technological solutions, thanks to which
the stage of design and survey works will be the most effective at
the stage of further operation, as well as — optimal for all project
participants at the stage of direct design and survey works [14].

Scientific and technical support ensures that all factors affect-
ing the correct implementation of projects of unique high-rise build-
ings are taken into account, which allows developing more effective
design solutions. This contributes to minimizing risks, optimizing
costs and improving the safety of the object at all stages of its life
cycle (Fig. 4) [15, 16].

Thus, the relationship between the composition and results of
scientific and technical support (STS) at the stages of survey, de-
sign and construction has been established.

This means that the results of STS at each stage (survey, de-
sign, construction) are interrelated and form a single system that
ensures the continuity and consistency of solutions.

It is reasonable to perform scientific and technical support at all
stages as a single set of works, including involvement of specialists
who participated in the STS of survey and design in the STS of
construction.

This is due to the fact that the features of the object identified at
the stage of STS design (including forecast values, reserves and
stocks) allow making more reasonable conclusions about the reli-
ability and safety of the object at the stage of STS construction.
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[Mo3TOMY Hay4YHO-TEXHUYECKOe COMPOBOXAEHUE HA BCEX Tanax
UrpaeT Kio4eByto posib B o6ecrneveHnn 6e30nacHOCTU, Hagex-
HOCTU N 9PEKTUBHOCTM TaKMX OOBEKTOB.

OpHako OTCYTCTBME KOMMIEKCHOTO MOAXOAA K COMPOBOXAEHUIO
TaKnX 0O6bEKTOB MOXET MPUBECTU HE TOJTLKO K YBEIIMYEHMUIO CPO-
KOB MX peanu3aumn, HO 1 K PUCKY BOSHUKHOBEHMWS HELUTATHbIX
CUTyauMin B XOAE UCMONTHEHNS MPOEKTOB B CBA3W C HEBbIMOMHE-
HVYeM oTAeNbHbIX BUAOB PaboT B paMkax Hay4HO-TEXHUYECKOro
conpoBoxAaeHus. B naHHom ctatbe paccmarpuBaeTcs hopMupo-
BaHWe KOMMMEKCHOro Noaxofa K Hay4HO-TEXHUHECKOMY COMpo-
BOXAEHUIO Ha KaXXA0M 3Tane XW3HEHHOro LUukna oobekTa.
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Llenb. Pa3pa6oTka 1 060CHOBaHME KOMMIEKCHOrO noaxofa
B 4aCTu BbIMOJIHEHUA HAYyYHO-TEXHUYECKOro COnpoBOXAEeHUA
YHUKaJIbHbIX 0OBbEKTOB Ha BCEX aTanax Ux >XWU3HEHHOro LUnkKna.
[aHHas cTaTbs HanpaBfieHa Ha BbISBAIEHME KIHO4EBbIX MOAXO-
0oB, obecnevnBaloLnx 3PMEKTUBHOE yrnpaBfieHne npouec-
camu, B pamMkax NpoBefeHUst Hay4YHO-TEXHUYECKOro COMpoBO-
XAEHUS, MUHUMU3ALMI0 PUCKOB U MOBbILLIEHME 6e30MacHOCTU
YHUKanNbHbIX 06GbEKTOB.

MaTtepwuanbl u meToabl. B ctaTbe paccmaTpmBaeTcsa KOMMek-
CHbIN nogxon K Hay4HO-TeXHUYEeCKOMY COMPOBOXAEHUIO YHU-
KanbHbIX 0OBEKTOB, KOTOPbIA 6a3uMpyeTcs Ha aHanns3e Hop-
MaTWBHO-NPaBOBON 6a3bl, NPaKTUYECKOM OMbITe peanu3auuu
NPOEKTOB, a TAKXe MHTerpaLum TeOpeTUHECKMX 1 MPAKTUHECKNX
MeTofoB. OCHOBHOE BHUMaHVE yaenseTcs (OpMMpPOBaHnIO Me-
TOAVKU U OCHOBOMOMAarawLmx NPUHLMNOB B YaCTU KOMMJIEK-
CHOro nogxopa, obecneunsaroLLero 3P(PeKTUBHOE yrpaBneHme
06bEKTAMM Ha BCEX 3Tanax Ux XU3HEHHOro LuKna.

Knro4veBble cnoBa: Hay4HO-TEXHUHECKOE COMPOBOXAEHUE, Me-
TOA[OOrNs, CTPOUTENILCTBO, aPXUTEKTYPHO-CTPOUTESILHOE PO~
eKTUpOBaHue, yHUKaslbHbIe BbICOTHbIE 34aHUSI U COOPYXXEHUS,
3aaHus knacca KC-3
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