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Construction in an existing building usually increases the time required to organize and perform
process operations. The paper analyzes the existing methods for evaluating compressibility for various
regulatory documents and their relationship with the conditions of the construction site and surround-
ing buildings, shows the need to systematize approaches to compressibility evaluation and develop ap-
propriate design recommendations.

Based on theoretical research, the author concludes that there is a need to formulate the terms
“compact construction conditions” or “conditions of dense housing”; to compile a list of compressibility
conditions and their classification, grouping in order to identify the impact of each group on the cost
and duration of construction and installation works; to develop a general procedure for assessing the
compressibility of work conditions (indicator) and the necessary measures depending on its quantitative
value.

Key words: compressible conditions, dense housing, coefficient of compressibility of working
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Introduction

In today’s construction environment, there is a tendency to increase the housing density of estab-
lished areas. Developers are conducting new construction in such locations, for a number of reasons:

— low costs for the construction of external networks;

— use of the existing transportation and social infrastructure;

— high sale price of housing.

Construction in the conditions of existing buildings, as a rule, increases the time for organizing and
performing process operations, and imposes significant restrictions on the conditions of work due to the
presence of both internal and external obstacles to construction (Cherednichenko et al., 2018, Belchevskyi R.
2020). The presence of spatial obstacles on the construction site, as well as for the adjacent territory, caus-
es limited construction conditions (limited construction site space in terms of width, length, height, depth
of underground space, size of the working area of machinery, etc.) The construction site in the existing
infrastructure will be limited by existing buildings and structures, underground utilities, amenities and the
road and transport network (Schwabe K. et al., 2019, Zavari M. et al., 2022, Yi W. et al., 2018, Xu M.
et al., 2022). The presence of these restrictions is called “compressibility” in accordance with DSTU B
A.3.1-22:2013 or “dense housing” in accordance with DBN V.1.2-12-2008 (the regulatory documents do
not provide a single wording of the concept of “restricted conditions”).

In the compressed conditions of construction infrastructure and existing urban development (or the
territory of an existing enterprise), there is a need to develop and justify rational and effective methods for
the construction of buildings or houses (Znamenskyi et al., 2012, Chebanova S. et al., 2018), with the solu-
tion of the following issues related to the implementation of construction and installation works:

— the need to locate construction equipment and economic facilities on plots smaller than the stand-
ard ones;
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— performing work near structures in operation;

- conditions for installing tower cranes according to the height of the surrounding building;

— work near existing utilities and green spaces to be preserved,

— the ability to bring only certain types of machines and equipment to the construction site (passa-
bility, insufficient load-bearing capacity of the road surface, etc.);

— compliance with environmental requirements (minimization of noise, air pollution and dust, and
area contamination);

— the need to carry out measures to monitor the surrounding development during the construction
process;

— development of special measures of safety conditions (development of protective screens, estab-
lishment of restriction zones, restriction of machine manipulations, etc.).

When developing process design package, in conditions of dense housing, it is necessary to adopt ra-
tional construction schemes (object-based) for the dimensions of a particular construction site, which are
characterized by various constraints and obstacles (Gaido A., 2017). When making decisions, it should be
borne in mind that the general procedure for developing such schemes is not provided in DBN A.3.1-5-
2016, and in the practice of developing process design package (Mudryy et al., 2021, Dorosh, 2011), the
degree of compressibility of both the construction site and the surrounding infrastructure is not assessed.
The construction organization design is limited to assessing whether the existing construction conditions
are compressed, and if so, a procedure for monitoring the impact of the work on the surrounding area and
buildings is developed.

Accordingly, there is a need to study the influence of compressibility of the work conditions on
making design decisions. To analyze the existing regulatory documents on the procedure for determining
and quantifying the performance of construction works in dense development conditions.

Results and discussions

In accordance with DBN B.1.2-12-2008, dense construction conditions are considered to be condi-
tions for which at least one of the factors is present:

— erection of a construction project close to existing buildings, structures, and utilities;

— the risk of negative man-made impact of construction on nearby buildings or landscaping objects,
as a result of which there may be a threat to the life or health of people or causing material losses;

— the risk of negative impact of the construction facility or its construction works on the foundations,
foundations and load-bearing structures of adjacent facilities or on utilities due to the creation of additional
stresses in the core of their foundations, disruption of the structure of the foundation soils, changes in the
established hydro-geological conditions in the adjacent territory and under existing buildings;

— providing transportation services for the construction site through intra-block (intra-plant) passages;

— risk of deterioration in the living environment of people who live, work or temporarily stay in the
area affected by construction activities due to noise and night lighting that exceed the values permitted by
the standards, air pollution, anomalies in thermal, electrical and other physical fields, radiation, restrictions
on movement, etc.;

— construction of the next stage of the facility near the previous one when it is built in stages;

— Impossibility to locate production sites, construction equipment, sanitary and administrative facili-
ties, passages for construction machinery and vehicles, fire breaks, etc. required for a particular stage of
construction due to the limited size of the construction site and the conditions of the land allocated for con-
struction.

But DBN v. 1.2-12-2008 does not fully take into account all the factors of compressibility, since
there are certain specific criteria and restrictions for each type of construction (for example, restrictions on
the intersection of process flows during the reconstruction of existing enterprises), or forms of compressi-
bility of work conditions. Types and forms of compressibility can be divided into two main groups (Sedov,
2010):
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I. External compressibility:

— limiting the size of the working areas of construction machines outside the construction site;

— restrictions on the passage of construction machinery and vehicles;

— traffic intensity in the construction zone, direction and possibility of access to the construction site;

— the presence of residential development, for which it is necessary to ensure the operational proper-
ties of the facilities located in proximity to the development.

II. Internal compressibility:

— existing obstacles to the placement of storage areas or auxiliary equipment, movement of machin-
ery, structures or materials (Mudryy et al., 2022);

— combining installation, dismantling, or reinforcement of structures and excavation within the same
site (Ivaneyko, 2021);

— administrative requirements for limiting the noise level and operating mode (DBN A. 3.2-2-2009,
2012).

The presence of compressed work conditions will affect the estimated cost of construction. Thus, in
the construction of utility systems and structures, as well as construction engineering facilities in the com-
pressed conditions of the built-up part of the city, DSTU-N B D.2.2.-48:2012, Table. I'1 apply the appro-
priate increase factor k=1.1, and in the presence of particularly difficult conditions for organizing work-
places — k=1.15, or construction in compressed conditions on harsh terrain k=1.2. However, factors that
take into account compressed conditions can be used in determining the estimated cost only if their pres-
ence is justified by the construction management design (Hryhorovskyi et al., 2010), and practical experi-
ence shows that such justification is often not carried out.

When developing process design package, as a rule, the internal compressibility of the conditions of
work is taken into account, which is estimated by the compressibility factor of the construction site (F.),

and is determined by the dependence:

Fc = E, €))
Sr

where S, is the actual area of the construction site, square meters; S; is the required area of the construction

site for the rational organization of work, square meters.

S¢ =S —(Sb + Sp + Su + Sh), 2
where S is the area of the construction site within its fencing, square meters; Sy is the area occupied by
existing structures and buildings, including buried structures, square meters; S, is the area occupied by
designed structures and buildings, square meters; S, is the area of underground utilities, taking into account
their security zones, square meters; Sy, is the area located in hazardous areas and hindering the performance
of work, square meters.

Sst = Sc.c.+Sm + Smh + S, «, 3)

where Sy is the area required for storage of materials and structures, sq.m.; S... is the area required for the
construction camp, sq.m.; S, is the area required for the construction machinery, sq.m.; S, is the area that
takes into account the hazardous areas during the operation of machinery, sq.m.; S, is the area required
for the auxiliary processing areas, sq.m.

If the value of the factor of internal compressibility of the facility F. < 1, the conditions of work are
considered compressible, and if F.—min, the conditions will be especially compressed. However, the list
of unprofitable measures does not depend on the quantitative value of F. and is decided by the designer
independently. In fact, the factor of internal compressibility F. only takes into account the size of the con-
struction site and the area of the economic facilities elements and does not take into account other condi-
tions that will determine compressibility (the presence of green spaces that cannot be removed, traffic in-
tensity near the construction site, adjacency to existing structures, etc.) These conditions of internal com-
pressibility are taken into account by DSTU B A.3.1-22:2013 with the factor F3, which determines the
degree of influence of the conditions of dense construction on the duration of work, the specific weight of
the influence of factors in this factor:
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— traffic and pedestrian intensity near the work site — 25 % (external compressibility parameter);

— network of existing utilities to be relocated — 15 %;

— buildings and natural plantations that preserved in the vicinity of the work site; compressed condi-
tions for the storage of materials or the impossibility of their storage at the construction site for the normal
provision of materials for workplaces, restrictions on the vertical movement of structures — 60 % (in vari-
ous combinations).

Paragraphs 4.2.7. and 4.2.8. DSTU B A.3.1-22:2013 states that the F,; factor should be influenced
by the parameters of utility systems, such as location and depth of installation; physical volume of systems;
ratio of the construction site area occupied by underground facilities to the total site area; root systems of
trees that cannot be removed, etc. However, these standards do not specify how to determine the proportion
(or combination) of these parameters in the compressibility factor, and in practice, their values are accepted
by engineers independently based on their own considerations and experience.

External compressibility, as a rule, is not assessed by indicators, except when it is necessary to justi-
fy the possibility of bringing large construction machinery to the facility through existing passages, then
the external compressibility indicator (Fey) is determined by dependence:

— Strans
Fext -

“4)

Spas ’
where Si.ns. is the required transport area in external dimensions for the delivery of the machinery, taking
into account the required stock, square meters; S is the actual passage area, square meters.

It should be noted that F. is an indicator of passability, the values of which can sometimes errone-
ously assess the adequacy of the passage area, since it actually assesses the ratio of areas, not the actual
dimensions of the machine and the opening.

Thus, based on various current regulatory documents, the procedure for assessing (quantitative indi-
cator) the compressibility conditions of construction will be different, and it should be carried out:

— based on the conditions for organizing the construction site and the procedure for performing
work in accordance with DBN V.1.2-12-2008;

— based on the labor costs of workers according to DSTU-N B D.2.2.-48:2012;

- construction terms according to DSTU B A. 3.1-22:2013.

The existence of a number of separate regulatory approaches to assessing the compressibility of con-
struction site conditions means that their determination can be based on various factors and at different
stages of the development of process design package, in particular:

— based on the conditions of the construction site organization and the procedure for performing
works — at the stage of developing the design of works, since only at this stage is the actual scope of works
(respectively, the required areas of storage areas), the means of mechanization used by machine brands
(actual areas for their placement or dimensions of access to structures); methods of performing certain
types of works (areas of process sites);

— based on labor costs — when developing estimate documentation (given that this section is not
mandatory for facilities constructed with private investment, such an assessment may not be carried out);

— based on construction terms — not at the stage of development of the construction management
design for CC2 and CC3 consequence class facilities.

Existing studies of compressibility (Hryhorovskyi et al., 2010, Znamenskyi et al., 2012, Chebano-
va S. et al., 2018) consider influencing factors under different conditions, separately: construction site or-
ganization; labor costs; terms of construction. Accordingly, there is a need for a combined consideration of
these parameters for the systematization of approaches to the assessment of compressibility conditions and
the development of regulatory design recommendations.
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Conclusions

The study of the conditions of compressed construction (dense development) revealed the need for:

— formulation of the terms themselves “compressed construction conditions” or “conditions of dense
development”, since the regulatory documents list such conditions but do not provide a generalized defini-
tion;

— compiling a complete list of such conditions and their classification, grouping in order to identify
the impact of each group on the cost and duration of construction and installation works;

— creation of a general procedure for assessing the compressibility of work conditions (indicator) and
the necessary measures to organize work depending on its quantitative value.

Further research is needed to create a general methodology for assessing compressibility conditions
and developing a regulatory procedure for designing construction sites in conditions of compacted con-
struction.
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kadeapa OyaiBEIBHOTO BUPOOHHUIITBA

OLIIHKA ITOKA3HUKIB CTUCJIMBOCTI 111 YMOB
YIILILHEHOI 3ABYI0BH
© Myopuii I. 5., 2023

HasiBHICTh OKpeMHUX HOPMATHUBHHX MiIXOJIB JIO OLIIHKM CTHCIMBOCTI YMOB OY/IiBEIbHOrO MaiJaHUYMKa
MPU3BOJUTH 0 TOTO, IO X BU3HAUEHHS MOXKE BUKOHYBATHCS 32 PI3HUMH YMHHUKAMH Ta Ha PI3HUX eramax
PO3pOOKH IPOEKTHO-TEXHOJIOTIYHOI IoKyMeHTanii. Takuii miaxia 10 OIiHKA YMOB BHKOHaHHS POOIT, SIK mpa-
BWJIO, JA€ DIi3HI KIJIBKICHI 3HAYEHHS IOKA3HUKIB CTHCIMBOCTI OYMIBEIBHOIO MalIaH4YMKa Ta 3aXOJiB, SKI
MOTPiOHO OPTraHi30BYBATH IIiJ YaC 3BEIACHHS.

VY mpakTuili po3poOKH MPOEKTHO-TEXHOJIOTIYHOI TOKYMEHTAIlI] OIliHKa CTYIEHS CTHCIMBOCTI SK Oyi-
BEJBHOTO MaiJaHYMKa, TaK 1 HABKOJIUIIHBOI 1HPPACTPYKTypH HE MPOBOAUTHCA. Y MPOEKTI opraHizamii OyiB-
HUILTBA 0OMEXYIOThCSI OLIHKOIO HasIBHI CTHCIMBUX YMOB OY/IBHUIITBA, & Y BUIAIKY HASIBHOCTI PO3POOIISETHCS
MOPSIZIOK MOHITOPHHTY MOXXJIMBOT'O BIUIMBY BHKOHYBaHHMX POOIT Ha HABKOJHMIIHIO TEPUTOPIIO Ta 3a0yIOBY.
Jlitoui HOpMaTHBHI JOKYMEHTH HE BPaxOBYIOTh y IOBHOMY 00Cs31 BCi ()aKTOpW CTHUCIHMBOCTI, OCKLIBKH
ICHYIOTB TeBHI crienu(iYHI YHHHUKU Ta OOMEXEHHSI IS KOKHOTO BUIY OYIiBHHUIITBA Ta YMOB BUKOHAHHS POOIT.

VY craTti Oya0 MPOBEACHO aHAIII3 ICHYIOUYMX METOMIB OLIHKH CTHUCIHUBOCTI JUIS Pi3HHMX HOPMATHBHHUX
JIOKyMEHTI Ta iX 3B’S30K 13 yMoBamH OyJiBEJIbHOIO MailaHYMKa Ta HABKOJIHMIIHLOIO 3a0YyJ0BOIO, TTOKa3aHO
HEeOoOXITHICTh Y cHCTeMaTh3alil miJX0/iB JI0 OL[IHKUA CTUCIIUBOCTI 3 PO3POOKOIO0 BiMOBIAHUX IPOEKTHUX pe-
KOMEHJIaIliid. AHaJIi3 BKJIFOUaB PO3TJIS AIFOYHX MTOKA3HUKIB BHYTPIIIHBOI T4 30BHIIIHBOT CTHCIIMBOCTI.

Ha ocHOBI TeopeTH4HUX JOCIiIKEHb 3p00JIEHO BUCHOBOK IIPO HEOOXIMHICTH (DOPMYIIOBaHHS TEPMIiHIB
“cTUCHEHI yMOBHU OyaAiBHHUIITBA” a00 “YMOBHM YIIUIbHEHOI 3a0y0BH”; CKJIaIaHHs MIEPEIIiKY YMOB CTHCIUBOCTI
Ta iX Kiacudikauii, pyIyBaHHs 3 METOIO BUSBICHHS BIUIMBY KOXKHOI 3 TPYI Ha BapTiCTh Ta TPUBAIICTh BHKO-
HaHHS Oy/iBEIbHO-MOHTXXHUX POOIT; pO3pOOKY 3araJlbHOr0 MOPSAKY OLIHKH CTHCIUBOCTI YMOB BHKOHAHHS
poOiIT (TTOKa3HUKA) Ta HEOOXIIHUX 3aXO0/IiB 3aIEKHO B HOr0 KiJIbKICHOTO 3HAYCHHS.

Kiro4oBi cnoBa: cTuciMBi yMOBH, ylliibHeHa 3a0y10Ba, Koe(ilieHT CTHCIMBOCTI YMOB BHKO-
HAHHA Po0iT, BHYTPilIHSA CTHCIMBICTD, 30BHIlIHSA CTUCIUBICTB, OyAiBeIbHNI MalilaHYMK.



