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At the current stage of society's development, more and more attention is paid to the search for constructive solutions to facil-
itate a healthy lifestyle. The work presents a cluster approach to the formation of the project of an innovative low-rise building
under the conditions of ensuring environmental criteria, the principles of green construction by the flow method of raising
buildings from ecological materials and quickly assembled modular elements. Such houses have low energy costs and make
the most of the circle of quality and comfortable living. The solution of the specified approach and the adoption of relevant
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VYV po06oTi 3anpONOHOBAHO KOMIUIEKCHHUI MiAXiJ Ha OCHOBI KJIACTEPHOTO aHAJi3y /Ul PO3pOOKH IHHOBALiIWHUX PillleHb IS
MaJIOIIOBEPXOBOi 3a0y/I0BH 3 aKIIEHTOM Ha €KOJIOT14Hi KpHUTepil Ta NPUHIMIN «3eJieHoro OyaiBHMITBa». [IpoBeneHo aHai3,
SIKHAH T IKPECIIIOe aKTyalIbHy NOTpeOy y OLIbII eHeproedeKTHBHOMY Ta CTAIOMY JKHTIOBOMY (OHI YKpalHu Ta HOKa3ye 3Ha-
YHY PIi3HHLIIO B CIIOKMBaHHI eHeprii Mixk YKpaiHoto Ta kpaiHamu-uieHamu €Bpomneticekoro Coro3y. BuaineHo HeeeKTUBHICTD
ICHYIOYOTO JKUTIIOBOTO (DOHIY Ta HEOOXiJHICTh BUKOPHCTAHHS €HEPrOoe()eKTUBHUX TEXHOJOTIH MPOTATOM YChOTO KUTTEBOTO
UKty OyaiBHUNTBA. JJOBEEHO, 110 IHTETpallis MOJIeNel KiIacTepiB y Oy IiBEbHUN MPOIIEC 1€ pi3HOMAaHITHI IepeBar, BKIIO-
Yar0Yd CKOPOYCHHS Yacy BUBEICHHS iHHOBAIIHMX MPOIYKTIB Ha pUHOK iHHOBaLi Oy IiBEebHUX MPOIIECIB, MTiABUIICHHS CTa-
OIIBHOCTI JIOTICTUYHMX 3B'S3KiB, 3MEHILICHHs (DiHAHCOBHX PHU3MKIB Ta PO3LIMPEHHs PUHKY 30yTy. Jlocmi/ukeHHs1 po3risaae
KJIIOYOBI acleKTH opraHizauii OyaiBHHILTBA, IIaHYBAaHHsI, YIPABIIHHSI Ta KOHTPOJIO SKOCTI B KOHTEKCTI KnactepiB. Jlocmi-
JUKEHO METOJI MOTOKOBOTO OYyIiBHHUIITBA, KU MOETHYE MOCIIIOBHUIA Ta MapajieabHUI METOH, MiHIMI3YI04H IXHI HETOJIKH.
Lle#t miaxin imocTpyeThest Ha npukiani nmpoekty Bucha Techno Garden Ta mokasye, sik JaHU METOJ MOXe IPH3BECTH 110
3HIDKCHHSI BUTpAT 1 3MII[HEHHsI CIIBIIpalli MiXK y9acHHKaMH Kiactepa. KpiM TOro, MOCHTiIKEHO BUKOPHUCTAHHS TEXHOJOTil
Building Information Modeling (BIM) six iHcTpyMeHTY A7 €peKTHBHOTO YIIPaBIiHHS iHPOPMAIII€I0, MOHITOPUHTY MPOIIECIB
Ta ONTHMI3allil BUTPAT MPOTATOM KUTTEBOTO MUKy OyaiBHUNTBA. Lleit miaxin BimnoBigae 3aranpHiil TenaeHNii mudposizarii
y OyniBenbHill ramysi. 3anporoHOBaHO MiIXO/H, IO CIPHSIOTH CTBOPEHHIO XKHTJIA, SIKe HE JIUIIE BiITOBIa€ CyJacCHUM €KOJIO-
TYHUM Ta eHeproe()eKTUBHUM CTAaHJapTaM, aje i HampaBieHi Ha MiABUIICHHS KOM(MOPTY 1 SKOCTI XKUTTS JUTs MEIIKAHIIB.

Kiio4oBi c10Ba: oTOKOBUI MeTO/1 OYAiBHHUITBA, eHEProe)eKTUBHICT, KJIacTepHe Oy JiBHUITBO, HU(pOBi3alis OyAiBeTbHOT
rajty3i, MajonoBepxoa 3a0y/0Ba
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Introduction

The work analyzes the suitability of residential and
public buildings, which must be comfortable and safe,
which are the initial environmental criteria. As you
know, these criteria must be ensured in the design of
one or another building, according to the purpose. To a
large extent, this refers to the comfort conditions of liv-
ing in low-rise buildings, since in such buildings the
number of apartments and the number of residents are
important. This is determined by the criterion that de-
fines functional comfort, as the ability of people to live
and communicate with each other in such a limited
space. An important aspect of ensuring environmental
sustainability is the constructive and planning solutions
of architectural objects in such a space [1].

At the current stage of society's development, more
and more attention is paid to the search for constructive
solutions to ensure a healthy lifestyle. The cluster ap-
proach of forming the project of an innovative low-rise
building under the conditions of ensuring ecological
criteria, the principles of green construction by the flow
method of raising buildings from ecological materials
and quickly assembled modular elements is substanti-
ated and developed [2, 3].

The main positive aspects of the cluster approach are:

- permanent participation of scientific and research
and development sectors in the activities of the cluster;

- shortening the period of bringing innovative product
units to the market;

- the formation of more stable logistic connections be-
tween enterprises;

- increasing predictability and predictability of cash
flows;

- significant reduction of financial and credit risks;

- expansion of the sales market;

- growth of incentives to increase labor productivity;

- determination of the enterprise's share in the final
innovative product and the integrated economic effect.

Research results

The housing fund of Ukraine is in an unsatisfactory
state from the point of view of fuel and energy effi-
ciency. According to energy surveys, in residential
buildings of mass construction of the past years, heat
losses through the walls are 42%, through the windows
- 16%, through the roof - 7%, through the basement -
5%, in the process of air exchange - 30%. (Table 1).
In fact, the efficiency of thermal energy use in Ukrain-
ian buildings is 3-5 times lower than in Western coun-
tries. Thus, according to experts' estimates, the specific
consumption of heat and hot water in Ukraine is two
times higher than that of EU member states with similar
climatic conditions. The average specific energy con-
sumption for heating per year in Ukraine is 264 kWh
per square meter, while in EU countries - 130 kWh per
square meter [7].

Construction of new community territories should be
carried out exclusively using energy-efficient technol-
ogies during the life cycle [5].

Table 1 — Heat losses through the enclosing struc-
tures of buildings

Walls Win- | Roof |Basement| Air ex-
dows change

% % % % %

42 16 7 5 30

Innovations in the organizational and production pro-
cess during the construction of urban planning objects
are a necessary condition for the transformation of the
company's activities, which are accompanied by signif-
icant financial and time costs. Clusters make it possible
to reduce such costs both at the stage of changing the
structure of organizational and production processes
and at the cost of current financial, organizational, tech-
nological and infrastructural transactions when produc-
ing a joint construction product by the flow method of
construction. [4]

The organization of construction production based on
cluster models provides for the following areas of sci-
entific and production activity:

1. Construction organization - a system of formation
or selection of a production enterprise (complex of en-
terprises) included in a cluster designed to fulfill the as-
signed task.

2. Planning — development of a system of linking con-
struction and installation works, providing the con-
struction process with material and technical re-
sources.

3. Management —a system of compliance with design
and estimate indicators and operational management of
changes.

4. Quality control of construction and assembly, en-
gineering and finishing works - a system of quality con-
trol of the supply of construction materials, structures
and equipment, as well as the performance of the re-
spective types of work.

Construction theory and practice distinguishes three
main methods of construction of buildings and struc-
tures: sequential, parallel and flow [6].

With the sequential method of construction, each ob-
ject of urban planning is erected after the completion of
all works on the previous object. This method of work
performance by crews carrying out various construc-
tion processes is accompanied by forced interruptions
in work.

It is possible to start and finish construction processes
on all objects at the same time. In this case, the con-
struction time of all objects will be equal to the con-
struction time of one object, but significant material
and technical resources will be required. This method
of conducting construction and assembly works is
called a parallel method of construction.

The flow method of construction and assembly works
in the development of territories according to the Com-
prehensive Spatial Development Plans (Fig. 1) com-
bines sequential and parallel methods, preserving the
advantages of both methods and eliminating the disad-
vantages.

12 Academic journal. Industrial Machine Building, Civil Engineering. — 2 (61)' 2023



Reducing the cost of the final construction product
gives competitive advantages to cluster formations.
The frequency of mutual contacts between the subjects
of the cluster with the flow method of construction is
so dense that their interaction goes from a purely pro-
duction to a social-cooperative aspect, strengthening
moral and ethical obligations and joint responsibility
for the quality of the final result.

The cluster approach allows small and medium-sized
construction firms to consolidate without losing their
legal and financial autonomy, promotes the develop-
ment of the middle class, gives clusters greater flexibil-
ity and speed of decision-making, which is not charac-
teristic of larger bureaucratized companies. [2] Multi-
plication of cluster participants in production and geo-
graphical aspects integrally forms the most optimal
composition of the material, technical and executive re-
source base for the construction of a building object as
a separate commodity unit with specified operational

parameters, at a fixed price, in a specific UTC of
Ukraine, at a specific time [1].

The cluster method of territory development involves
the use of BIM technologies, as a new approach to dig-
ital information management, which is used in con-
struction and urban planning and involves the collec-
tion and complex processing of all architectural, de-
sign, technological, economic and other information
about the object. Thanks to their application, it is pos-
sible to virtually reproduce the object even before its
construction begins, to monitor the life cycle processes
of the construction object - from design to its construc-
tion, operation and dismantling. This approach makes
it possible to increase the safety and reliability of build-
ings and structures, implement operational manage-
ment of construction processes and control the quality
of construction works, significantly reduce the proba-
bility of errors in projects, reduce the cost of construc-
tion and optimize costs at the operational stage.

Figure 1 - Bucha Techno Garden project for the development
of the territory of Bucha united territorial community, Kyiv region

An example of the organization of innovative con-
struction production is the cluster form (Fig. 2) of the
branch of the Academy of Construction of Ukraine "In-
tersectoral Scientific and Production Cluster of Innova-
tive Construction".

The important aspects of ensuring environmental sus-
tainability are the constructive and planning solutions
of architectural objects in a given space. The following
requirements are put forward to the main volume-plan-
ning and constructive means of greening buildings:

- application of rational planning and construction so-
lutions (in accordance with specific climatic condi-
tions);

- maximum use of underground space;

- using the protective properties of the terrain;

- construction of "ecohouse" and "intelligent build-
ing" houses;

- landscaping of all surfaces of the building (walls,
roof) and the surrounding area.

To ensure these conditions, an analysis of the suita-
bility of residential and public buildings was carried out
with the use of classical parametric system analysis and
structural synthesis. Those buildings must be comfort-
able and safe, which are the original ecological criteria.
As you know, these criteria must be ensured in the de-
sign decisions according to the purpose of the building.
To a large extent, this refers to the comfort conditions
of living in low-rise buildings, since in such buildings
the number of apartments and the number of residents
are important. This is determined by the criterion that
defines functional comfort, as the ability of people to
live and communicate with each other in such a limited
space. Such a house should have low energy costs,
making the most of the circle of quality and comforta-
ble living (Fig. 3) [1].
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Figure 2 — Graphic structure of the cluster of the Academy of Construction of Ukraine
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Figure 3 — Schematic diagram of creating an ecological and energy-efficient house

Effective and rational means in the field of energy-
saving architectural and planning solutions include:

- simplification of the configuration of buildings (re-
duction of the area of enclosure structures relative to
the total area);

- construction of attic floors in existing buildings;

- optimization of architectural forms in accordance
with climatic features;

- optimal orientation of buildings to wind and sun.

Simplifying the configuration of buildings is relevant
because it allows to reduce heat exchange with the en-
vironment due to the reduction of the area of contact
surfaces. Hence, priorities shift towards greater values
of life, the search for ways and means of survival of

humanity under the conditions of progressive deterio-
ration of the ecological and social situation. In this re-
gard, they are actively revising the traditional attitude
to both man and nature, searching for new spiritual
foundations for further civilizational development,
forming new ideals of human activity and a new under-
standing of the human perspective. The solution of the
mentioned approach and the adoption of appropriate
decisions are implemented in the proposed comfortable
and energy-saving eight-apartment building with the
symbolic name "BIDEN", including the rationally con-
sidered aspects of anthropometry and psychology of
human behavior in such a space (Fig. 4).
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Figure 4 — General view of an ecological
and energy-efficient building with
the symbolic name "BIDEN"

Special attention is paid to the psychological aspect,
which is demonstrated in specific constructive solu-
tions. The accepted condition is the well-known state-
ment that the psychological aspect is related to the fact
that space is evaluated by a person in terms of distances
and orientation: large spaces can "separate" people, and
small rooms cause a feeling of discomfort. Figure 5
shows the spatial model of the house of the "Biden"
project.

—

Figure S — Spatial;model of the house
of the BIDEN project

In the proposed innovative project, for the first time
in a low-rise building, the maximum use of the under-
ground space, which can actually be attributed to the
elements of underground urbanism, is realized. The
presence of a reinforced concrete shelter under the
house against possible artillery, rocket or small arms at-
tacks is essential to preserving people's lives and health.
That is why the basement of the "Biden" house is made
as a monolithic reinforced concrete structure of the
floor and walls with a reinforced monolithic floor of the
basement part of the house, which is 80% submerged
below the ground level. This makes it possible to save
basement structures from shock waves or ruptures. An
important parameter of quality shelter is also the pres-
ence of an additional exit, so as not to get trapped under
the debris of construction structures.

The BIDEN project provides for an exit through an
adjacent room located at 90° from the first one. Finish-
ing of the basement is at the residential level: polymer
seamless floor coverings; high-quality painting of the
walls and ceiling, ceramic heating panels with digital
temperature control; LED lighting; the possibility of in-
stalling bathrooms. In peacetime, the premises can be
used as an office, gym, dressing room, food pantry, etc.
Entrance to the shelter/basement from one's own plot of
land. All 8 basement rooms of the house are equipped
with ventilation systems with recuperation, fire extin-
guishers, axes and long-lasting battery lights.

Plants are an important means of greening buildings
and the architectural environment as a whole. It is gen-
erally known about the ability of plants to absorb car-
bon dioxide and produce oxygen, to protect buildings
from wind and noise, that is, to improve the quality of
the ecological parameters of the environment. In addi-
tion, plants have a positive effect on the psycho-emo-
tional state of people, mitigating the aggressive effect
of the urbanized environment. Because of this, a ten-
dency to green all surfaces of the building arose and is
actively developing in the world. Buildings and struc-
tures organically connected with living nature (with a
green roof, walls, etc.) are called biopositive.

During the reconstruction of the existing building and
the construction of new biopositive structures, it is ad-
visable to provide archophytomelioration measures:
landscaping of basement floors (biopositive construc-
tions of extensions and plinths, creation of phytoscreen-
ing wall coverings, etc.); landscaping of all free areas
of the territory and above-ground territories above the
objects of underground urbanism; vertical landscaping
of walls (verandahs, terraces, ampelous coverings,
hanging systems); winter gardens inside the buildings
[9].

Ecological architecture involves energy saving, the
use of ecologically compatible building materials and
structures, the use of alternative energy sources and the
correct disposal of waste.

Conclusions

The research presents a cluster-based approach to in-
novative low-rise building projects with a strong em-
phasis on environmental sustainability and green con-
struction principles. The study underscores the urgent
need for energy-efficient housing solutions in Ukraine,
given the significant energy consumption gap with EU
member states. The integration of cluster models into
construction processes offers numerous advantages, in-
cluding shorter time-to-market for innovative products
and enhanced logistic connections. The flow method of
construction, combining sequential and parallel meth-
ods, proves to be a viable approach for cost reduction
and cooperative synergy within cluster formations.

Additionally, the utilization of Building Information
Modeling (BIM) technology emerges as a pivotal tool
for efficient project management and cost optimization.
This study contributes valuable insights into sustaina-
ble building practices, aligning them with the evolving
societal needs for healthier, greener, and more energy-
efficient living spaces.
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