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Development of warehouse infrastructure
serving the process of construction
of real estate objects in the housing market

The paper considers the main directions and rates of development of the construction production of residen-
tial real estate and the commissioning of residential facilities. In addition, an analysis of statistical data was car-
ried out that reflect the dynamics of such development in Russia. Also, the paper considers the issue of the ef-
fectiveness of the implementation in practice of the main methods of constructing multi-storey buildings, taking
into account the modern development of construction production and the requirements of the housing market.
The role of warehouse real estate in the general production process of the construction of real estate is also de-
termined. The construction of such real estate is inherently linked to the level of development of the industrial and
social infrastructure of the region in which the construction of structures is carried out. These facilities are part
of the maintenance processes, on which the development of the main production processes for the construction
of multi-storey buildings in the housing market largely depends directly. The obtained statistics on housing com-
missioning allows to predict an increase in the growth rate of construction, which largely determines the choice
of construction methods under the influence of environmental factors that lead to various changes in the course
of development of production processes. To date, several fairly large developers have formed in the real estate
market, which, on the one hand, have large financial capabilities, on the other hand, introduce large volumes
of housing. The construction of a monolithic apartment building, in some cases, may be less economically effi-
cient than the construction of similar areas already made of panels or blocks. Based on this forecast, it is nec-
essary to analyze how modern warehouse infrastructure will be ready for possible changes in the field of apart-
ment construction.

Keywords: development, real estate, warehousing, industrialization, logistics, warehouse infrastructure, sup-
porting industry

INTRODUCTION and structures within warehousing infrastructure,
focusing on their impact on the rate of housing com-
missioning for high-rise buildings, the stability of
production process development, and the activities
of construction organizations.

The empirical basis of the study includes statis-
tical and other informational sources, materials
characterizing the production and economic activi-
ties of developers, expert evaluations, legislative
acts, and other regulatory documents in the con-
struction sector.

The development of construction production is
associated with the need to address complex chal-
lenges. This requires considering the main trends in
housing market growth, the specific features of
the construction of real estate structures, and
the need to develop appropriate measures to sup-
port a positive trend in the pace of commissioning
high-rise buildings into the housing market.

The activities of enterprises within the construc-
tion sector in the housing market are largely deter-
mined by the extent to which essential production
processes are supported by various buildings and
structures, which ensure the stable operation of di-
verse supporting production processes. Additionally,
the development of warehousing infrastructure signifi-
cantly influences the utilization level of the organiza-
tional and technological potential of construction or-
ganizations, while also considering the mobility and

RESULTS

Current trends in the construction industry indi-
cate an increase in the growth rate of residential
real estate construction. Market demand for new
housing is being met by developers, resulting in
an accelerated annual increase in the square foot-
age of commissioned housing over the past several

uncertainty conditions of construction production.

MATERIALS AND METHODS

The research methods applied in this study in-
clude theoretical analysis and empirical investiga-
tion, followed by the generalization and systemati-
zation of obtained data. In addition, the primary
scientific approaches used were: “dialectical”, “sys-
tematic”, “dynamic”, “variant”, “balance” and “mod-

elling”. The object of the study comprises facilities

years. This is evidenced by statistical data (Fig. 1)".
This figure shows that the commissioned square
footage of individual residential homes in Russia is
steadily increasing, while the square footage of apart-
ment buildings remains relatively stable, with a slight
recession. The dynamics of these developmental
trends can be described by the following equations:

Y =114 - x> — 463,410 - x + 468,269,752, (1)

Y =351 -x2 - 1,415,819 - x + 1,427,781,558, (2)

1 Unified Information System of Housing Construction NashDom.RF. URL: https://xn--80az8a.xn--d1aqgf.xn--p1ai/ (Accessed on October 27, 2024).
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Fig. 1. Dynamics of residential real estate commissioning in Russia by year’

where equation (1) describes the trend in the development of multi-
apartment housing construction, while Equation (2) pertains to indi-
vidual housing. These equations enable the forecasting of the on-
going trend of growth in the volumes of individual housing
construction, alongside a further decline in multi-apartment con-
struction, which will create a significant disparity in growth rates by
the end of 2024.

Despite the predominance of individual housing construction
across the country as a whole, the situation may vary significantly
depending on the region. This conclusion can be drawn by analyz-
ing the statistics for the city of Moscow (Fig. 2).

The trends for the first and second types of housing can be
described by Equations 3 and 4:

Y =15.05 - x* - 60,333.70x + 60,455,990; (3)

Y =-13.18 - x2+ 53,359.38x — 54,005,378, (4)
where equation (3) describes the trend in the construction of multi-
apartment buildings, while equation (4) pertains to individual housing.
These equations enable the forecast that the area of individual housing
completions will remain at the same level, whereas multi-apartment
construction shows a tendency to increase. Thus, it is evident that in
Moscow, the primary square footage of residential real estate is pro-
vided by the construction of multi-apartment buildings. This is primar-
ily due to the high population density and land costs in Moscow.

The heterogeneity of housing construction conditions across
different regions of the country presents certain necessary require-
ments for the objects and facilities that support production process-
es, particularly for warehousing infrastructure [1]. The construction
of large multi-apartment buildings requires significant investments
not only in labor and machinery but also in substantial volumes of

various materials, ranging from construction materials for load-
bearing and enclosing structures to various network components
and equipment. It is also worth noting that this heterogeneity may
apply not only to residential real estate but also to industrial or com-
mercial properties [2, 3].

Improving the efficiency of core production by enhancing
the performance metrics of supporting industries is one of the main
approaches to mitigating risks for both specific projects and the in-
dustry as a whole [4, 5]. To enhance the effectiveness of manage-
ment, organization, and coordination of cargo transportation, it is
crucial to accurately identify the existing characteristics and types
of warehouses that define the role of warehousing infrastructure in
logistics systems [6-8].

To address this, a classification of warehouse real estate has
been developed, taking into account its diversity based on various
parameters and criteria, which is presented in Table.

Examine each parameter of this classification in detail.

Purpose of the Warehouse. This parameter aims to determine
the intended use of the facility. For instance, warehouses at manu-
facturing enterprises are primarily designed for storing finished
products before they are dispatched further along the production
chain or directly to consumers [9]. These warehouses are located
at industrial facilities. Customs warehouses, on the other hand, also
serve as transshipment points for finished products; however, their
location is not tied to a specific manufacturing process and, in
the case of bonded warehouses, they possess a special economic
status. Trade and logistics complexes must be capable of accom-
modating a wide variety of goods, which requires greater versatility
compared to warehouses associated with production, where
the majority of products tend to be standardized. Specialized ware-
houses, unlike others, may be equipped with additional specialized
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Fig. 2. Dynamics of residential real estate commissioning in city of Moscow by year!

engineering systems of varying complexity, which will create
the conditions required for the stored cargo [10].

Storage Duration. This parameter allows for the determination of
the duration for which goods will be stored at the warehouse. This,
in turn, influences the necessary equipment that will be used at
the facility and subsequently affects the cost of both the real estate
itself and the storage of items within it. Stored cargo can be condi-
tionally divided into three categories:

1) Short-term Storage. The storage period for goods does not
exceed several weeks, indicating that a large volume of cargo will
pass through this warehouse. Such warehouses can be highly mech-
anized or even automated to enhance productivity and throughput;

2) Medium-term Storage. The storage duration ranges from
several weeks to six months. This type of warehouse is more of
a hybrid, combining elements of both long-term and short-term
storage. Such warehouses may feature different sections desig-
nated for fast-moving goods as well as for items stored for longer
periods, which introduces new requirements for layout, equipment,
and accounting systems [11];

3) Long-term Storage. Warehouses designed for the long-
term storage of various goods experience a slow turnover of prod-
ucts, which reduces the need for automation and shifts the focus to

Classification of Warehouse Real Estate

product preservation. This necessitates the maintenance of spe-
cific storage conditions, creation of an appropriate microclimate,
and periodic inspections of goods to ensure compliance with stor-
age conditions.

Cost or Durability of the Building. This parameter is responsible
for determining the timelines and costs associated with the con-
struction of the facility. Depending on the warehouse's purpose and
the duration of goods storage, the construction of the warehouse
complex may require varying levels of effort and resources. Ware-
houses can be conditionally divided into three categories:

1) Quick-erect Warehouses. Such warehouse properties
typically have a shorter lifespan compared to permanent warehous-
es. They are constructed from metal frames and simply covered
with profile sheets, with the advantages being quick construction
and low material costs. A characteristic feature of these warehous-
es is the lack of complex engineering systems, and sometimes
even basic ones. They may not be connected to water supply sys-
tems, lack electrification, and may not be heated. The minimal pro-
tection of stored goods from environmental factors is the primary
purpose of such structures [12];

2) Permanent Warehouses. These structures are built for long-
term operation, and the complexity and cost of the equipment used

Parameter Category

Description

Purpose of the Warehouse L
p 3) Trade and Logistics Complexes;

1) Warehouses at Manufacturing Enterprises;
2) Customs Warehouses (including Bonded Warehousing);

4) Specialized Warehouses (Medical, Grocery, etc.)

Depending on their purpose, warehouses can be used for
storing raw materials and finished products, temporary
customs storage, or for commercial purposes

1) Short-term (up to 1 month);

3) Long-term (over 6 months)

Medium-term (from 1 month to 6 months);

Classification by the Duration of Goods Storage in Ware-
houses, Influencing Equipment Type and Preservation Re-
quirements for Products

Cost (Building durability)

)
)
)
)
)
Storage Duration 2)
)
)
)
)

3) Temporary or Mobile Structures

1) Quick-erect Warehouses (Frame, Modular);
2) Permanent Warehouses (Concrete, Brick);

Level of Durability and Construction Cost: Quick-erect,
Permanent, or Temporary Warehouses
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for careful preservation of the stored products can vary signifi-
cantly based on the type of goods. Permanent warehouses typi-
cally feature solid reinforced concrete foundations, walls with high
thermal resistance, sophisticated ventilation and heating systems,
and connections to all necessary engineering networks. Addition-
ally, such warehouses may include facilities for staff comfort, of-
fice spaces, and designated areas for meals. Each warehouse
has its own unique configuration;

3) Temporary Warehouses. Similar to quick-erect warehous-
es, temporary warehouses can be constructed from relatively in-
expensive materials. The main feature of this type of warehouse is
the ability for rapid assembly and, if necessary, equally quick dis-
assembly of the structure.

Resources. Depending on the type of warehouse, different re-
sources may be utilized. For example, large permanent warehous-
es require more materials and financial resources for construction
and maintenance due to their size, while highly automated ware-
houses demand greater investment in information resources. Let’s
explore these resources in detail:

1) Labour Resources. Depending on the complexity and du-
rability of the constructed facility, various amounts of labor may be
required for its construction;

2) Material Resources. Different materials and equipment
may be used in warehouse construction. For example, wall con-
struction can consist of a combination of brick and gas-silicate
blocks, sandwich panels of varying thicknesses, or simply profile
sheets attached to the frame of the structure. The materials used
for construction are selected based on the storage conditions and
intended purpose of the warehouse [13];

3) Technical Resources. In addition to engineering net-
works, warehouses may be equipped with various mechanisms,
such as forklifts, manipulators, and automated systems. The pres-
ence of such mechanisms enhances warehouse productivity and
facilitates staff work; however, their use may not always be practi-
cal. Additionally, their implementation imposes extra requirements
on the internal layout of the warehouse, which can affect its techni-
cal and economic performance;

4) Management Resources. Depending on the volume of
stored products, the size, and purpose of the warehouse, man-
agement practices may vary significantly;

5) Financial Resources. The cost of maintaining a ware-
house can vary widely based on its purpose. Choosing the most
suitable category of warehouse for storing products can signifi-
cantly reduce storage costs, thereby optimizing the entire produc-
tion process;

6) Informational Resources. Digitalization and automated
accounting of stored goods significantly enhance the productivity
of workers involved in sorting items within the warehouse. Various
digital systems may be used for this purpose, which require main-
tenance, updates, and upgrades [14].

Such a classification of facilities will facilitate a better under-
standing of the diverse forms that comprise warehouse infrastruc-
ture, which, in turn, will help optimize the operation of supporting
production processes, improve manageability, and enhance con-
trol.

CONCLUSION

Based on the results of the conducted analysis, several trends
have been identified, leading to the following key conclusions:

1. The primary trends in the development of the multi-apart-
ment housing market in Russia and Moscow have been identified,

which must be considered when implementing technologies and
flow-based organizational forms in material production across all
types of production processes.

2. The objects and facilities supporting the construction pro-
cesses of multi-apartment buildings define the sophistication of
warehouse infrastructure, which significantly influences the stabil-
ity of housing market trends and the core processes of multi-
apartment construction and construction organization activities.

3. It has been established that the formation of warehouse in-
frastructure is affected by the method of real estate construction,
the construction area, and the degree of influence from external
and internal environmental factors and risks, which need to be
identified and accounted for in future research.
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IeBenonMeHT CKNaackou MHPPacTpyKTypbl
obcnyXxusatollero npoiecca BoO3BeleHUs
06BLEKTOB HEABUXXMMOCTMU Ha PbIHKE XWUJbS

B cTtatbe paccMOTpeHbl OCHOBHbIE HAMPaBIIEHNS U TEMMbI pa3Bu-
TWS CTPOUTENBHOIrO NPON3BOACTBA XXWUITOW HEABVXXMMOCTU U BBO-
Ja Xunblx 06beKTOB. Kpome TOro, 6bin NpoBeAeH aHanu3 cra-
TUCTUYECKMX OAHHbIX, KOTOPbIE OTpaXxaktT AUHAMUKY Takoro
paseuTtua B Poccuun. Takxe B cTaTbe pacCMOTPEH BOMPOC ahdek-
TMBHOCTW peanu3aummn Ha NpPakTUKe OCHOBHbIX CNOCO60B BO3BE-
[OEHWS MHOMO3TaXHbIX 30aHWIA C y4ETOM COBPEMEHHOrO pa3Bu-
TUS CTPOUTENIBHOIO NPON3BOACTBA U TPEOOBaHWUI PbIHKA XMWNbS.
Takxe onpenenseTca posfib CKNAACKOM HEOBMXXMMOCTU B 06LLIEM
NPOV3BOACTBEHHOM MpPOLIECCE BO3BEAEHUS OOBLEKTOB HEABUXM-
MocTn. CTponTENBLCTBO TaKUX O6LEKTOB HEABVMXKMMOCTU HEOTb-
EMIIEMO CBSI3aHO C YPOBHEM Pa3BUTUS NMPOU3BOACTBEHHON U CO-
LmanbHOW MHAPPACTPYKTYpbl PErMOHa, B KOTOPOM NPOU3BOANTCSA
BO3BEOEHNE COOPYXEHUA. DTN 06BLEKTHI ABMAIOTCS YaCTbO 06-
CNy>XMBAIOLLMX MPOLECCOB, OT KOTOPbIX BO MHOrOM 3aBUCUT Ha-
NPsSIMYI0 pa3BUTNE OCHOBHbIX NPOM3BOACTBEHHbIX MPOLIECCOB BO3-
BEeAEHNA MHOMO3TaXHbIX 3AaHWI Ha pbiHKe Xunbs. MonyyeHHas
CTatTuCTMKa No BBOAY XWJbsA MNO3BOMAET NPOrHo3mpoBaTb yBenu-
YeHune TEMMNOB pocTa CTPOUTENLCTBA, YTO BO MHOrOM onpefenser
BbI6OP CMOCO60OB CTPOUTENBCTBA B YCMOBUSAX BNUSAHUA (DAKTOPOB
BHELLHEN cpedbl, KOTOpble NPUBOAAT K PasnmyHbIM U3MEHEHUAM
X0[a pa3BuTUA NPON3BOACTBEHHbIX MPOLIECCOB. Ha cerogHsALLHMN
[O€eHb Ha pbIHKE HEABMXMMOCTM CHOPMUPOBANOCH HECKOJIBKO A0-
CTaTOYHO KPYMHbIX 3aCTPOMNLLMNKOB, KOTOPbIE, C OAHOW CTOPOHbI,
obnagatT KpynHbIMU (PUHAHCOBBIMU BO3MOXHOCTAMW, C APYroW
CTOPOHbI, BBOAAT 60MbLUME 06bEMbI XWibs. Bo3BeaeHne MoHo-
NIMTHOTrO MHOTrOKBapPTVPHOro AoMa, B PAAE CNy4YaeB, MOXET 6bITb
MeHee 3KOHOMUYECKM I(PAEKTUBHO, YHEM BO3BEAEHNE aHANOrmy-
HbIX NIOLLAAEN YXXe U3 NaHenen unm 6510KoB.

OpHako OTCyTCTBME anbTepHaTMBbI MO JOCTYMNHON LieHe, NM6o
no npn4ynHam BbICOKOM ANCTaHLUMPOBAHHOCTU, HE OCTaBNAeT Bbl-
60pa 3acTponLmKy. Hegonony4yaemas npubbinb n3-3a MeHee
30pPEKTUBHOIO cnocoba CTPOUTENBHOIO NPOM3BOACTBA MOXET
no6yauTb Takux KPYMHbIX UFPOKOB K CO34aHUI0 COOCTBEHHbIX
MOLLHOCTEN MO MPOU3BOACTBY KPYMHOOGIIOYHbIX U MaHeNbHbIX
3MeMeHTOB 3aHnin. OCHOBbIBasACbL Ha 4AHHOM NPOrHo3e, Heo6-
XOAUMO NpOoaHanM3nMpoBaTth, HACKOMbKO COBPEMEHHaa cknag-
cKasi MHbpacTpykTypa 6yAeT rotoBa K BOSMOXHbIM U3MEHEHW-
AIM B chepe MHOrOKBapTUPHOro CTPOUTENbCTBA.

Knro4eBble cioBa: [4EeBE/IONMEHT, HEABWXUMOCTb, CKI1aanpoBa-
HWe, UHRYCTpuann3aums, I0rnMcTUKa, CKaacKas UHgPacTPyKTy-
pa, obcnyxusaroLyee rnpon3Bo[CTBO
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