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Determination and Analysis of Flexure Afiexure and Shear Asnear Displacements .
of Reinforced Concrete Walls of Civil Buildings
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Abstract

Introduction. To date, there have been extensive experimental data made available in both domestic and foreign scientific
literature on the study of displacements and deformations of reinforced concrete walls under the combined action of
horizontal load Q and vertical load N. However, there are not enough comprehensive works systematizing the obtained
data to be used as an empirical basis for designing more accurate deformation models and engineering calculation methods
for walls, allowing differentiated assessment of flexure Afiexure and shear Asjear displacements. This article aims to look
into this issue.

Materials and Methods. The object of the study is reinforced concrete walls of buildings and structures under the com-
bined action of horizontal load Q and vertical load N. The subject of the study are the displacements and deformations of
the walls. Materials include scientific articles on the topic by foreign authors. The methods being used are formal logic
(analysis, synthesis, induction, deduction), graphical methods for constructing deformation schemes, and analytical meth-
ods of nonlinear structural mechanics.

Research Results. For wall aspect ratios 1.5 < H/B < 2.0, flexure Asiexure displacements dominate in the total displacement
structure A, while horizontal sliding displacements Asia amount to about 1% of A and can be neglected. The share of
flexure Ariexure 1S approximately 98% of A at the initial loading stages. As horizontal load Q increases, the contribution
of Ariexure gradually decreases: to 90% at the moment of crack formation, to 85% at the yielding of vertical reinforcement,
and to 80% at the failure stage (when compressed concrete spalls).

For wall aspect ratios 1.0 < H/B < 1.5, shear displacement Asnear has a significant influence on the total displacement A: its share
at the initial loading stages is about 22%, while determining a protective concrete layer — 46%, and reaches 64% at failure.
Using the graphs of relative displacements of walls with aspect ratios 1.5 < H/B < 2.0, it was found that at the failure
stage, the shares of flexure and shear displacements are 88% and 12% of the total, respectively. Similar graphs obtained
for walls with aspect ratios 1.0 < H/B < 1.5 confirmed that Asxear Significantly affects the total displacement A. The share
of Ashear at initial loading is about 22%, while determining a protective concrete layer — 46%, and reaches 64% at failure.
Discussion and Conclusion. The "X-diagonals" method implemented in a planar calculation scheme allows for highly
accurate separation of components caused by flexure and shear deformations from the total displacements. Thanks to this
the scheme is a promising tool for further experimental and theoretical studies. We assume that the height of the wall
segment where the diagonals are designed should be arbitrary — H; making this method more universal.

In addition to the planar calculation scheme, a rod (beam) scheme can also be used. The rod calculation scheme of the
wall, with known patterns of stiffness parameter changes in the rod end sections (at the locations of plastic hinge for-
mation), is convenient for engineering calculations of frame buildings and structures based on the finite element method
in diverse computational complexes.

Keywords: reinforced concrete, monolithic walls, experimental data, wall strength, flexure displacements, shear dis-
placements, total displacements, flexure deformation, shear deformation, total deformation
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AHHOTaLUA

Beseoenue. K HacTOAIIEMy BPEMEHH B OTEUECTBECHHOM U 3apyOeKHOW HAYIHOU INTEpaType HaKOIUICH OOIIMPHEII SKCIIe-
PHMEHTANBHBII MaTepHal M0 HUCCIEAOBAHMIO NEpEMEICHUI 1 nedopManuii *Keae300eTOHHBIX CTEH MPU COBMECTHOM
JIeMCTBUM rOpU30HTANILHOM Q 1 BepTukanbHoit N Harpy3ok. OJHaKO OTCYTCTBYIOT 0000IIaIOIINe paOOThl, CHCTEMATH3H-
pYIOIIME MOJTy4eHHBIE JaHHBIE C IIEIbI0 X MCIOJIB30BaHUS B KaUueCTBE AIMIMPUUECKOTo Oazuca Jyisi HOCTPOeHHUs Ooiiee
TOYHBIX J1e(OPMAIIMOHHBIX MOJIeTIel 1 HHKCHEPHBIX METOAUK pacuéra CTEH, MO3BOJISIOIUX AU PEePeHIIMPOBAHHO Olle-
HHUBATh NIEPEMEIICHUS N3TH0A Aflexure U CABHUTA Aspear. JJaHHAS CTAThsl HANIPABJICHA HA PEIICHHUE 3TON MPOOIIEMBI.
Mamepuanst u memoowt. OOBEKT UCCIETOBAHUN — HKeIe300€TOHHBIE CTEHBI 3JIaHUI M COOPYKEHHUH NPH COBMECTHOM
neiicTBuM ropu3oHTanbHON Q M BeprukanbHOW N Harpysok. [Ipenmer uccnenoBannii — mnepeMenienus 1 neopMarmn
cTeH. Martepuainbl — HaydHBIE CTaThU 3apYOEKHBIX aBTOPOB, HOCBSIIEHHBIE HCCIIEyeMOMY Bompocy. MeTtoasl — ¢op-
MaJlbHasl JOTHKa (aHaJIN3, CHHTE3, HHAYKINS, AEAYKIHSA), TpadMuecKuil METOI TOCTPOSHHS CXeM Je()OpMHUPOBaHNS, aHa-
JUTHYECKIE METObI HEIMHEHHOH CTPOUTEIIbHON MEXaHUKH.

Pezynvmamot uccnedosanus. Ilpu cooTHomeHnu cTopoH ctensl 1,5 < H/B < 2,0 npeobianaiT u3ruOHbIe nepeme-
IIEHUA Aflexure B CTPYKTYpE OOIIMX MEPEMEIICHNH A, a IepeMeIIeHNs] TOPU30HTAIBHOTO CKOJIBXXEHUS Aslid COCTaB-
10T opsanka 1 % ot A, u uMu MOXHO npeHeOpeds. Jloms mepeMenieHni OT U3Tnda A fiexure COCTABISACT MPHUOIH-
3utenbHo 98 % oT A Ha HayanbHBIX dTanax. C yBeJMYeHHEM TOPH30HTAIBHON HAarpy3ku Q Bkiaj mepemerieHui
Afiexure TOCTETICHHO CHIDKaETCs: 10 90 % — B MOMEHT MOSBICHHUS TPEIIUH, 10 85 % — MpH TEKy4ECTH BEPTUKAIb-
HOU apmatypsl 1 10 80 % — B ctagum pa3pyiieHns (IIPH BEIKPAIINBAHUH C)KATOTO OCTOHA).

ITpu coorHowmenun cropoH crensl 1,0 < H/B < 1,5 nepemenienne Aspeqr OKa3bIBaCT 3HAUUTEIBHOE BIMSHUE Ha 0o0IIee
nepemerieHue A: 10 Aspear HA HAUATBHBIX 3TANaX HATPYKEHUS COCTABIIAET OKOJIO 22 %, B MOMEHT OTCIIOCHUS 3aIUT-
Horo ciosi 6etona — 46 %, u nocturaer 64 % B MOMEHT pa3pyLICHUsL.

Mo rpadukaM OTHOCHTENBHBIX MEPEMEIEHUM CTEHBI MPU COOTHOMEHUH cTOpoH 1,5 < H/B < 2,0 Hamu BBISIBJIEHO, YTO B
CTaJMM pa3pyLIeHHUs 10T IepeMEIeHIH IPH N3rube U CABUI€ COCTABIIET COOTBETCTBEHHO 88 % u 12 % oT o6mux. AHa-
JIOTHYHbIe rpaduKu MOIYYEHbI TS CTeH ¢ cooTHOIeHneM ctopoH 1,0 < H/B < 1,5 u ycTaHOBIIEHO, 4TO NiepeMelieH e Asjear
OKa3bIBAaeT 3HAYMUTENILHOE BIUSHIE Ha ol1ee nepemelenune A. JI0is Asjeqr HA HAYAJIBHBIX 3TAIaX HATPY)KEHUS COCTaBIIAET
okoJ1o 22 %, B MOMEHT OTCJIOEHHS 3alIUTHOTO ci1ost 6eToHa — 46 % n nocturaer 64 % B MOMEHT pa3pyIICHHSI.
Oobcyacoenue u 3axniouenue. Metos «X-auaroHanein», peaau30BaHHbIN B INIOCKON pacu€THOM cXeMe, MO3BOJISIET C BHICO-
KO TOYHOCTBIO BBIJIEIIMTH U3 OOIMX MEPEMELICHHI COCTABIISIONINE, BBI3BaHHbIE AeopManusMu u3ruda u casura. biaro-
Jlapsi 3TOMY IPEUMYIIECTBY, TaHHAS CXeMa SBJIIETCS MEPCIIEKTUBHBIM HHCTPYMEHTOM IS TAIBHEHIIINX AKCTIEPUMEHTAITb-
HBIX ¥ TEOPETUYECKUX HcclienoBaHmi. [Ipruém, Ha Halll B3rJIs, BEICOTa (hparMeHTa CTEHBI, B TPAHUIIAX KOTOPOTO CTPOSTCS
JIMaroHallH, JIOJDKHA ObITh MPOU3BOJIBHOM — Hi, 4TO MO3BOJIMT ClieNaTh JaHHBIH METO]| O0Jiee YHHUBEPCAIbHBIM.

ITomMHuMO MIIOCKON pacdETHON CXEMBI BO3MOKHO HCIIOIB30BaHUE U CTEP)KHEBOH. CTepKHEBYIO paCUETHYIO CXEMY CTEHBI
IIPU U3BECTHBIX 3aKOHOMEPHOCTSX 00 M3MEHEHMSX KECTKOCTHBIX IaPaMETPOB CTEP)KHS Ha KOHIIEBBIX ydyacTKax (B Me-
cTax 00pa3oBaHMs IUIACTHYECKUX IIAPHUPOB) yJOOHO MPUMEHSTH B MHXXEHEPHBIX pacyéTax KapKacHBIX 37IaHUH 1 COOPY-
KEHUI Ha OCHOBE METOJa KOHEUHBIX IEMEHTOB B TOM MM WHOM BBIYMCIUTEIBHOM KOMILIEKCE.

KaroueBrble ciioBa: xene300eTOH, MOHOJIUTHEIC CTEHBI, YKCIICPUMEHTAIBHEIC TAHHBIC, IIPOYHOCTH CTECHBI, ICpEeMeIIIe-
HUS TPH W3rube, MepeMelleHus Mpu CABHUTre, O0Iue MepeMenieHus, nedhopManus npu u3ruode, nedopmanus mpu
caure, obmas aedopmarus

BaarogapHocTu. ABTOPBI BEIPKAIOT 0JIaroJapHOCTh PEIAKITUH U PEIIEH3eHTaM 32 BHUMATEIbHOE OTHOIIICHHE K CTaThe
1 yKa3aHHBIE 3aME€UYaHUsl, KOTOPbIE TIO3BOJIMIIN TTOBBICUTH €€ Ka4eCTBO.
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Introduction. Reinforced concrete walls are among the most common types of building structures. They typically
combine load-bearing and enclosing functions, experience vertical and horizontal loads, and thereby operate under
conditions of complex stress-strain states. An accurate assessment of the deformations occurring during the process is
key to their precise mechanical calculation and further safe operation. This paper looks into the movements and
deformations of walls.

Before moving on with the study description, let us get clear on the terminology:

— movement is a change in the coordinates of a point of a solid body (in our casea reinforced concrete wall) in space
under the action of loads (external forces) denoted by the Greek letter Aingex With its lower index showing the nature of
the influence of deformations of the solid body, such as flexure, shear, sliding, etc.;

— deformation is a change in the size and shape of a solid body under the action of a load, i.e., it is the mutual dis-
placement of points of a solid body relative to each other in space. Linear relative deformations — ¢, shear angles — v,
angles of rotation of sections of the solid body relative to its axes — ¢, and the curvature of the axes themselves —
(note: they are commonly denoted as 1/p in literature).

The total displacement of any point of a reinforced concrete wall due to loads acting in its plane can be broken down
into the following components:

A=A + Agear T Agig + Agr @

where Asiexure — displacements caused by the influence of pure flexure deformations; Asqear — displacements caused by
the influence of pure shear deformations in the plane of the wall; Asiia — displacements caused by the influence of sliding-
shear deformations at the bottom or the top of the wall; Apr — displacements caused by the influence of the rotation of
the bottom or top of the wall relative to the foundation or floor.

Having studied the scientific and technical literature analyzed below, we have identified the following problem: there
are no comprehensive studies systematizing the experimental data (accumulated considerably over the past few decades)
on the deformation of reinforced concrete walls under the combined action of horizontal, Q, and vertical, N, loads. This
serves as an obstacle both for improving the existing methods and techniques for the differentiated calculation of flexure
Afiexure and shear Asiear displacements of reinforced concrete walls, as well as for coming up with fundamentally new
approaches. The current studying is aimed at addressing this obstacle.

The movements caused by loads acting out of the plane of the wall are beyond the scope of the research.

Materials and Methods. Prevously in [1], we described the general mechanisms of deformation and failure of walls
under the combined influence of the load ratio N/Q and the height-to-width ratio of the wall — H/B. It was found that the
ratio H/B qualitatively predetermines the wall failure mechanism, i.e., it impacts the pattern of appearance and
development of cracks from a microscopic size to major ones, along the trajectory of which the wall structure is divided
into separate parts. The load ratio N/Q is responsible for the quantitative values of the parameters of implementing this
mechanism. At small values of H/B, the share of shear displacements Asxear predominates in the resulting displacements
of the wall A, while the resistance to horizontal load Qu is at its maximum. In this case, the failure is more brittle in its
nature. As the ratio H/B increases, so does the share of the flexure displacements Ariexure, While the shear displacements
Asnear decrease; so does Qy, and plastic deformations are more intense.

The mechanisms of deformation and failure of walls under load described in [1] enable one to design deformed
schemes with the overlay of internal force schemes balancing external loads. These deformed schemes allow us to calcu-
late the total displacements of the wall A at its characteristic sections, and most importantly, to isolate the components
caused by the influence of flexure and shear deformations — Afiexure and Asjear respectively — from the total displace-
ments. Some variants of such schemes by different authors are considered below, along with their analysis regarding the
correspondence of each to a relevant study of wall structures and their convenience as a tool for analyzing the stress-strain
state of walls.

Research Results. One of such schemes is found in [2, 3]. Given some necessary additions made for a more complete
9nderstanding, it is shown in Fig. 1.

flexure shear

Building constructions, buildings and engineering structures


https://doi.org/10.23947/2949–1835-2025-4-3-7-17

https://www.stsg-donstu.ru

10

Radaikin OV, et al. Determination and Analysis of Flexure Afrexure and Shear Aspear Displacements Dis-placements of Reinforced...

Quasi-brittle failure zone
of the material at a constant

Breakage zone

Breakage shear zone

ot/

Neutral axis

7

/

/

/

/ Compression

” o/

angle of the mclmation
of the shear cracks

Points of the transition from

i
/ " the quasi-brittle mto
s / the pseudo-plastic state
Pseudo-plastic failure zone [ || <
of the material at a variable Jr Do i /."/fo{_
- - - (P N
angle of the melination [ hp ’,-,VJC )
- s
of the shear cracks |r h P N /J’/fj
flesture| !!""Je’e?“"\ 7
~ 7€ npy .
Tor o, max
/ T i She, tu,r{”
ol ar ‘e

Fig. 1. Calculation scheme of deformation of a reinforced concrete wall (left) under the combined action of vertical N
and horizontal Q loads and the graph of curvature distribution along its height (right) [2]

The scheme is a rectangular plate with a clamped lower edge, while all of the other three edges are free from
constraints. A vertical load N and a horizontal load Q are applied from above. A pattern of fan-shaped cracks is drawn on
the plate whose nature was revealed during the experiment. Along the trajectory of one of the cracks, a calculated section
is drawn, i.e., the first thick line from the bottom. It intersects on the left with the stretched zone of the wall, or the
detachment zone, where the detachment mechanism of crack formation dominates; in the center is the zone of combined
shear and detachment where two mechanisms of crack formation overlap, i.e., transverse detachment and longitudinal
shear; on the right is the compression zone of the wall. The stable development of cracks occurs largely due to the
dissipation of accumulated energy from elastic-plastic deformation of pure flexure causing displacements Afiexure, While
shear or sliding deformations causing displacements Aspear and Asua result in spontaneous cracking and almost
instantaneous brittle failure in the local zone.

On the right in Fig. 1 are the theoretical curvature diagrams of the neutral axis of the wall. The solid line corresponds
to the total curvature defined by the combined consideration of flexure and shear deformations, while the dashed line
corresponds only to flexure with no shear. Each diagram consists of two straight lines with different slopes: in the lower
part of the wall, the angle is softer, accordingly, the curvature changes more intensively in the height than at the top. The
point of inflection between these sections corresponds to the transition from a quasi-brittle failure mechanism at the top
of the wall to a pseudo-plastic failure mechanism at the bottom of the wall. Along the broken line of the cross-section of
the wall, a system of internal forces is applied: N — the resultant compressive stresses in the concrete; N; — the resultant
tensile stresses in the concrete; T — the resultant shear stresses along the edges of the inclined crack. Fig. 1 also denotes
hriexure, ot — the height of the pseudoplastic failure zone at the bottom of the wall, respectively, assuming that there are
only pure flexure deformations, and while accounting for a combination of flexure and shear deformations; y, — the
curvature corresponding to the height hpi; ymax — the maximum curvature; x — the height of the compressed zone;
z. — the arm of the resultant N relative to the neutral axis; z; — the arm of the resultant N; also relative to the neutral
axis; 6, 6, — the angle of inclination of the cracks forming according to the pull-shear mechanism, respectively, in the
upper zone of the wall (above the point of transition from quasi-brittle failure to pseudoplastic) and in the lower zone
(below this point), with & — const and 6p — var.

It should be noted that the resultant tensile stresses N; in the calculated section is located above the resultant
compressive stresses N¢ precisely due to the influence of shear deformations. In pure flexure these forces would be at the
same horizontal level.

The angle of inclination of the cracks 6y at the transition point is given by the formula:

0, :arctg[ 4 J )

shear

where hshear = hpl _hflexure'
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According to the experiment [2], the value of &y ranges from 55° to 65°.

In Fig. 2, the curvature diagrams of the neutral axis of the wall are shown [2]: two theoretical ones — the first under
the assumption of deformations only due to flexure (1), the second — accounting for both flexure and shear (2), as well
as the experimental diagram (3) described (approximated) by the previous two theoretical diagrams.

Yy, M

3,87 3 - Scheme based on the experimental data

1 -Scheme of pure flexure

2 - Scheme accounting
for the shear

0 5 10 15 Curvature,
Fig. 2. Curvature distribution schemes along the wall height [2]

The maximum difference between diagrams 1 and 2 was 31%, which is significant.
In order to calculate the components of deformations and displacements caused by flexure and shear separately, some
general clarifications will be introduced into the calculation scheme (Fig. 1) and moved to the scheme (Fig. 3) [4]:
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Fig. 3. Calculation schemes for determining shear angles, vy, longitudinal relative deformations, €, curvatures, y, and rotation angles,
¢, while deforming a wall: a — scheme of wall deformation; b — diagram of the distribution of longitudinal deformations ¢
in an arbitrary i-th section of the wall drawn at a height Hi from the base; c — diagram of the distribution of curvature along
the height of the wall; d — diagram of the distribution of rotation angles [4]

In order to assess the bending deformations, let us look at the curvature diagram in Fig. 3B described by some contin-
uous and differentiable function x = x(y). Let i be the ordinal number of an arbitrary cross-section of the wall located at a
height H; from its bottom. In this section, the diagram of relative deformations ¢ of the wall is shown in Fig. 3A whose
extreme values are related to the curvature known from the strength of materials formula:

_ leal+ e
L= @)
where & and g — deformations of tension and compression on the side faces of the wall width B.
The average value of the curvature on a wall section with a height of AH; enclosed between two close sections i and
i-1is (i + yi-1)/2. Then the angle of rotation of the wall cross-section at the level of the center of gravity of the section
AH; (Fig. 3d) is given by the formula:
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o=l Ay =Pt L2, @

The desired displacements in an arbitrary i-th section are given by the formulas:
Afexurei =G Hi, (5)
Agreari =7 Hi» (6)

where y; — the angle of displacement of the wall face at a height from the base (Fig. 3 «).

Determining the relative deformations &; and & of the vertical wall faces during the experiment appears to be not
challenging. To this end, the methods such as strain gauges, holographic interferometry, etc. can be used. It is thus fairly
simple to estimate the movements of pure flexure Asiexure With formulas (3)-(5). However, the pure shear disp Asyeq- are
more challenging [5].

In [4, 6-8], the computational method of "X-diagonals" is set forth in order to estimate these displacements (Fig. 4).
To this end, the authors selected a square fragment of the wall with a width B and a height H, = B. But we believe that
the height of the fragment can be arbitrary, i.e., Hi, which will make this method more universal.

The desired displacement of the shift As;eqr is estimated by changing the lengths of the diagonals of the selected square
before (d) and after deformation (d1’, d2") (Fig. 4 a):

d 1 L}
= = — _— _— —_— 7
Ashear J/HB [ZBj(dl d)d (dz d)HB ( )

Aflexure Aflexure
? e

Ashear Ashear Aftexure Aflexure

c)
Fig. 4. Geometric schemes of wall deformation for determining flexure Aflexure and shear Ashear: a— scheme of pure flex-
ure; b — scheme of pure flexure with a constant curvature along the height; c — scheme of pure flexure with a variable curvature

along the height [4, 7]

Formula (7) is accurate only if the curvature of the deformed wall faces is constant in height (Fig. 4b). This is possible
in some small (infinitesimal) area, in other cases it results in noticeable errors. The estimate of the shear displacement
Asnear in this case turns out to be overestimated as it also contains flexure displacements Afiexure (Fig. 4 C).

In order to clarify formula (7), let us consider the wall deformation scheme in Fig. 5 accounting for vertical displacements.

Ar 4z

Ashear
Ashear ~J o Aﬂaxure \

L Aﬂexure

Ve

Fig. 5. Flexure Afiexure and shear Asqear displacements accounting for vertical displacements Vi and Vr [4, 7]
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The flexure displacements and the angle of rotation of the horizontal section of the wall ¢ are equal to:
Aflexure = (Z(/)HB, (8)
ViVe ©)
L
where V. and Vr — vertical displacements of the upper face of the wall on the left and right sides, respectively;

a — coefficient accounting for a change in the curvature along the height of the wall given by the formula (for a graphical
interpretation of the coefficient, see Fig. 6):

J; oy 10
oH

oty

E= o

oH
A o)

Shaded curved area

o= —— 7
y Avrea of the rectangle

o/
Fig. 6. Scheme of the distribution of the angles of rotation of the curved wall face after deformation
for determining the coefficient o [4, 7]

This coefficient ranges within 0.5 < o < 1.0 and averages a = 0.62. The values of a close to the boundaries of the
interval (0.5; 1.0) are an idealized abstraction which can be used in theoretical models for simplification, but they are not
implemented in practice. The essence of the coefficient is that the greater a, the more flexible the wall structure is, i.e.,
the lower its flexure stiffness is. Conversely, the lower the a, the higher the bending resistance of the wall structure is,
i.e., the higher its flexure stiffness is.

The specified shear displacements are equal to:

d \r , Holn,
Ashear = [Ej[(dl - d) _(dz _d)]_|:Aflexure +(EJ(VR V|_ ):| (11)

or

s = 5 [0~ 6~ )]-(a-08)oh. 1)

Hence in order to obtain the contribution of flexure Afiexure and shear Asear displacements to the total displacements, it
is necessary to determine the coefficient o accounting for a change in the curvature over the height of the wall. Moreover, at
a = 0.5, formula (12) is reduced to (7), i.e., in this case, the gradient of the flexure curvature no longer impacts the shear.

The experimental results [4, 7] showed that before cracks are formed, the curvature of the walls has an almost constant
height distribution, respectively, the coefficient a =~ 0.5. As cracks appear, the plot of the curvature distribution becomes
triangular, and the coefficient a increases to about 0.67. As the load further increases, so does o and tends to 1.0 at the
moment of failure, which is accompanied first by the shutdown of the vertical reinforcement and then by the discoloration
of the compressed concrete.

It was also found that as the wall aspect ratio H/B increases, the value of o decreases.

[9] provides a core model for calculating the wall accounting for the compliance of the supporting nodes A and B
(Fig. 7) under the combined action of longitudinal N and transverse Q forces. Initially, the scheme was used to calculate
columns, but in this case it is used to model reinforced concrete walls with an aspect ratio of 1.5 < H/B < 2.0 in order
to obtain flexure Afiexure and shear Aspear displacements separately.
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Fig. 7. Core design scheme for deforming a reinforced concrete wall under the combined action of vertical N and horizontal Q loads:
a — core model for calculating the wall; b — scheme for bending the longitudinal axis of the rod during deformation;
¢ — plot of moments; d — plot of transverse forces; e — scheme for modeling wall flexure; f — scheme for modeling walls
accounting for the interaction of shear and flexure [9]

The scheme consists of a rod pinched in the upper and lower parts at points A and B (Fig. 7a). The rod deformation
scheme is shown in Fig. 7b. In Fig. 7c in and Fig. 7d are the schemes of moments and transverse forces, respectively.

In order to determine the curvature of the longitudinal axis of the flexure rod yrexure Caused by flexure, the distribution of
bending stiffness EI over the height of the wall is shown in Fig. 7d. In order to determine the curvature of the axis of the
xshear rOd caused by shear, the distribution of shear stiffness GA over the height of the wall is shown in Fig. 7e. At the ends
of the rod, for one and the other stiffness, it is assumed that the physical nonlinearity of reinforced concrete is accounted for
(the stiffness of Ela and Elg, GAa and GAg in Figs). In the middle part of the rod, the stiffness is assumed as for an elastic
body (stiffness Elo, GAo). At the same time, a constant value is assumed for each of the three stiffhess sections.

The lengths of the end sections of the rod within which physical nonlinearity is accounted for, are determined by
multiplying the height of the wall H by the empirical coefficients a.aand ae. The points separating the end sections from
the middle are plastic hinges.

The shear displacements Asxeqar acquire noticeable values at the end sections of the rod, they practically do not appear
in the middle part and the movements Ariexurec Caused by flexure dominate.

The total displacement of the wall A in the area of the plastic hinge is equal to:

A=A, __+A (13)

The studies [6-7, 10-12] consider examine pure flexure Afiexure and shear displacements Asjeqr as part of the total
displacement A with a wall aspect ratio of 1.5 < H/B < 2.0. It is shown that flexure displacements Afiexure dOminate in
such walls, and sliding displacements Asii¢ are on the order of 1% of A and can be ignored. The proportion of movements
from bending is approximately 98% of the total movement of the reinforced concrete wall at the initial stages. As the
horizontal load Q increased, the contribution of movements from bending Afiexure gradually decreased to 90% at the
moment of cracking; 85% — during the fluidity of vertical reinforcement; 80% — at the stage of failure (while painting
compressed concrete).

According to the results of processing experiments [6, 7], graphs of relative wall movements with an aspect ratio of
1.5 < H/B < 2.0 were obtained as shown in Fig. 8 a. It can be seen that at the failurre stage, the proportion of flexure and
shear displacements is 88% and 12% of the total, respectively.

shear flexure
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Fig. 8. Graphs of relative wall displacements with the aspect ratio: « — 1,5 <H/B <2,0; b —1,0<H/B < 1,5 (1 — curve of relative
flexure displacements Afiexurel Amax; 2 — curve of relative shear displacements Asrear/Amax; Amax — maximum wall displacements)

We obtained similar graphs after processing the data [6] (Fig. 8b) for walls with an aspect ratio of 1.0 < H/B < 1.5. It
has been found that the shear displacement Asxear has a significant impact on the overall movement of A. The proportion
of Asiear at the initial stages of loading is about 22%, at the moment of detachment of the protective layer of concrete —
46% and reaches 64% at the moment of failure.

In an experiment [6] it was shown that at the initial stages of loading, slight displacements A fiexure are observed in the
samples (Fig. 9a). As the first crack appears, the bending stiffness of the wall decreases sharply leading to a significant
increase in the displacements Afiexure.

Fig. 9b shows that as the first inclined crack appears, the displacements As;eqr Start having a more significant effect
on the total wall displacements A, despite the fact that the shear strength of the walls is more than 2 times higher than the
horizontal load Q.
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Fig. 9. Graphs of the dependence of the flexure Afiexure () and shear Asrear (b) displacements of the wall on the applied
horizontal load Q [6]

Discussion and Conclusion. The mechanisms of deformation and failure of walls under load identified in the experi-
ments conducted by a wide range of foreign authors enabled us to design appropriate deformation schemes with the super-
position of internal forces balancing external loads. This made it possible to obtain mathematical formulas for determining
the total displacements of the wall A in its characteristic sections, as well as dependencies that allow the components caused
by the influence of flexure and shear deformations Afiexure and Aspear t0 be isolated from the total displacements.

The scheme in Fig. 1 enables us to determine the desired displacement of shear Aspeqr and flexure Agiexure under the
combined action of vertical, N, and horizontal, Q, loads. Theoretical diagrams of the curvature of the neutral axis of the
wall are provided where a solid line corresponds to the total curvature determined by accounting for a combination of
flexure and shear deformations, and a dotted line corresponds only when flexure without shear is accounted for. It is found
that the maximum difference between the pure bending and shear-adjusted plots is 31% indicating that the calculation of

Building constructions, buildings and engineering structures

15



https://www.stsg-donstu.ru

16

Radaikin OV, et al. Determination and Analysis of Flexure Afrerure and Shear Aspear Displacements Dis-placements of Reinforced...
__________________________________________________________________________________________________________________________________________________________________________________________]
walls using the model of an uncenterically compressed rod without accounting for shear displacements will have a sig-
nificant error.

The scheme in Fig. 3 enables us to calculate the components of deformations and displacements caused by bending
and shear separately, but with some generalizing refinements. Pure flexure displacements Afiexure are determined by
means of fairly simple formulas, but pure shear displacements As;eqar are challenging. In order to estimate these displace-
ments, the computational method of "X-diagonals" is set forth. However, in order to obtain the contribution of flexure
Asiexure and shear Asiear displacements to the total displacements, it is necessary to perform arithmetically complex oper-
ations to find the coefficient o accounting for a change in the curvature along the height of the wall.

Initially the scheme in Fig. 7 was used for calculating columns, but in this case it is used for modeling reinforced
concrete walls with an aspect ratio of 1.5 < H/B < 2.0 in order to obtain flexure Afiexure and shear Asieqar displacements. In
order to implement this scheme in a computing complex, it is required that conduct large-scale experimental and theoret-
ical studies are performed on more complex (more precise) wall models.

As a result of the theoretical study, it was found that the scheme shown in Fig. 1 provides a more precise description
of the wall structure and can be used as a practical tool in order to analyze its stress-strain state under the combined action
of vertical force N and horizontal force Q.
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Abstract

Introduction. This study looks at the urgent problem of ensuring the seismic resistance of buildings and structures in
areas with increased seismic activity. The aim of the study is a comprehensive analysis of existing methods of protection
against seismic impacts and the development of innovative design solutions in order to increase the stability of buildings.
The study is relevant due to the growing need to protect the population and infrastructure in seismically active regions
around the globe.

Materials and Methods. Two major approaches to increasing seismic resistance were considered: the traditional method of
increasing structural cross-sections and a special method of reducing load by means of changing the dynamic scheme of the
structure. Special attention is paid to the development and analysis of the operation of the fastening unit of the frame using
a curved thin-walled plate. Modern methods of mathematical modeling and computer analysis were employed.

Research Results. Architectural, planning and constructive solutions for increasing the earthquake resistance of buildings
were analyzed. The principles of designing earthquake-resistant buildings to minimize earthquake damage were
formulated. The plastic properties of steel as an effective method of absorbing seismic energy were studied. Energy-
absorbing devices are classified into five main types: rod-type, annular, tubular, beam-type and shear-type. The design
features of energy absorbers, their advantages and disadvantages were thoroughly investigated.

Discussion and Conclusion. A finite element analysis of the stress-strain state of the fastening unit was conducted by means
of the Stark ES software package. The results of the analysis enabled us to evaluate the efficiency of the suggested
constructive solution. The practical importance of the study lies in the possibility of applying the developed solutions in the
design and construction of earthquake-resistant buildings in areas of increased seismic activity. The suggested methods and
designs make it possible to increase the stability of buildings, reduce metal consumption, and easy to replace elements if
needed. The developed solutions can be scaled for use in different types of building structures and climatic conditions.

Keywords: seismic resistance, energy absorbers, seismic impact, design solutions, building design, active seismic
protection, seismic isolation systems, damping, vibration absorbers, seismic resistance of buildings, design solutions
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HUI B 30HaX C MOBBIIIEHHON CEHCMUUECKON aKTUBHOCTBIO. Llenbo nccliefoBaHus SIBISETCS KOMIUIEKCHBIN aHaIN3 Cylle-
CTBYIOILIMX METOOB 3aIIUTHI OT CEHCMUUECKIX BO3JICHCTBUH M pa3pab0oTKka MHHOBAIIMOHHBIX KOHCTPYKTHUBHBIX PEIICHUI
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JUISl TIOBBIIICHHS YCTOWYNBOCTH 3JaHUH. AKTYaJbHOCTh MCCIEIOBaHMs OOyCJIOBJICHA PACTyIIEH HEOOXOAMMOCTBIO 3a-
IIATHI HACEIICHUS X MHQPACTPYKTYPhI B CEHCMHYIECKH aKTUBHBIX PETHOHAX MUPA.

Mamepuanst u menoost. B xo1ie HCCIEN0BaHNA PACCMOTPEHBI J1Ba OCHOBHBIX IOAXO0/1a K MTOBBIIICHUIO CEIICMOCTOMKOCTH:
TpaJIuLMOHHBII METO/| yBEITUUEHHSI CEYEHNI KOHCTPYKIUH U CIIENUANIbHBINA METON CHU)KEHHUS HATPY3KU Yepe3 H3MEHEHHE
TUHAMHAYECKOM CXeMBI paboThI coopykeHHs. Ocoboe BHUMaHHE YACIeHO pa3padoTKe U aHAIN3y paOOTHI y371a KperIeHNs
CBSI3M KapKaca C MCIONb30BaHUEM (DaCOHKH M3 THYTOW TOHKOCTEHHOM IJIACTHHBI. J{JIs MPOBENECHNUS HCCIEAOBAHUS TIPH-
MEHSUIUCh COBPEMEHHBIE METO (bl MaTeMaTH4E€CKOTO MOAETUPOBAHNUS U KOMIIBIOTEPHOTO aHAJIN3a.

Pezynomamut uccnedosanus. BeIoIHEH aHAINU3 apXUTEKTYPHO-IJIAHUPOBOYHBIX U KOHCTPYKTUBHBIX PELICHUH, HalpaB-
JICHHBIX Ha MOBBIILICHHE CeHCMOCTONKOCTH 31aHui. CHOpMYITMpOBaHbI IPUHIIUIIBI TIPOSKTHPOBAHUS CEHCMOCTOMKHUX 312~
HU, 00ecTeynBalOINX MUHUMHU3ALHUIO yiiepoa ot 3emiierpsicenuii. [IpoBeaeHo nccinenoBaHue MIACTHYECKUX CBOWCTB
cTaimy Kak 3 peKkTHBHOTO criocoda MomIoIIeHHs ceiicMideckor sHepruu. [Ipeacrasnena kinaccuuKanys SHEpromnonio-
IIAOIIKX YCTPOWCTB 110 ISITH OCHOBHBIM THIIaM: CTEPIKHEBBIC, KONBIIEBbIE, TPyOUaThie, 0IOYHOTO THIA U paboTaromue
Ha CABHI. JleTanbHO U3y4eHB! KOHCTPYKTUBHBIE 0COOCHHOCTH YHEPTOMOIIOTHTEINCH, MX MPEUMYILECTBA M HEJOCTATKH.
Oécyrcoenue u 3akniouenue. IIpoBeeH KOHEUHO-3IEMEHTHBIM aHANIN3 HANPSHKEHHO-IE()OPMHUPOBAHHOTO COCTOSTHHUS
y3J1a KpEeIUIeHHsI ¢ HCIOIb30BaHIeM IporpaMMHoro komrurekca Stark ES. Pesynbrarsr aHanmza mo3BOJIHIN OLEHHATH d(]-
(hEeKTUBHOCTD MPEIOKEHHOTO KOHCTPYKTHBHOTO pemeHus. [IpakTudeckas 3HaUMMOCTb MCCIIEA0BAHUS 3aKII09acTCs B
BO3MOYKHOCTH ITPUMEHEHHS pa3paOd0TaHHbIX PELICHUH IPH IPOEKTHPOBAHUH U CTPOUTEIIHCTBE CEHCMOCTONKHX 3/IaHUI B
30HaX MOBBIIICHHONW CECMUYECKON aKTUBHOCTH. IIpeioskeHHbIe METOABI U KOHCTPYKLUY I103BOJISIFOT IIOBBICUTDH yCTOH-
YHBOCTH 3/IaHHUH, CHU3UTh METAJUIOEMKOCTh U 00ECIIEUNTh POCTOTY 3aMEHBI 3JIEMEHTOB IIPU HeoOxoaumocTH. Pa3pabo-
TaHHBIC PCIICHUA MOT'YT OBITh MaCIHTa6I/IpOBaHLI JJIA IPUMCHEHUS B PA3JIMYHBIX TUIIAX CTPOUTCIBHBIX KOHCprKHHﬁ u
KIIMMAaTUYCCKUX YCIIOBUAX.

KiroueBnle ciioBa: CeﬁCMOCTOﬁKOCTL, SHCPIOMOTIIOTUTCIIN, cericMHuIecKoe BOSﬂeﬁCTBHC, KOHCTPYKTHBHbBIC PCHICHUS,
IIPOCKTUPOBAHUC 3HaHPII>i, aKTHUBHas ceﬁCM03amnTa, CHUCTEMBI CeﬁCMOHSOJ’IHHHH, Z[eMl'I(I)PIpOBaHI/Ie, racuTciin KOJI€6aHI/II>‘I,
KOHCTPYKTHUBHBIC PCHICHUSA

s uurupoBanus. Koreako M.II., CxaukoB C.B. DHepromormomaromue GpacoHKH CBsA3el cTaabHOro Kapkaca. Cogpe-
MeHHble MeHOeHyuUu 6 cmpoumenbcmee, 2cpadocmpoumenscemee u nianuposke meppumoputi. 2025;4(3):18-24.
https://doi.org/10.23947/2949-1835-2025-4-3-18-24

Introduction. Earthquakes are among the most destructive natural phenomena causing massive damage to buildings
and structures, particularly in areas with increased seismic activity. Ensuring the earthquake resistance of buildings is a
key task facing modern architecture and engineering in order to protect human life and health, as well as to preserve
material assets.

With earthquakes occurring frequently, it is critical to develop and implement innovative design solutions to minimize
damage and ensure the safety of buildings. One of the urgent issues is designing constructive methods in order to increase
the overall earthquake resistance of buildings and their individual elements.

The main aim of the research is a comprehensive study of existing methods of protecting buildings from seismic
effects, as well as the development and calculation of an effective attachment point for the building frame.

The study looks at two major approaches to improving earthquake resistance:

— a traditional method involving increasing the cross-sections of structures;

— a special method for reducing the load by changing the dynamic scheme of the structure.

Special attention is paid to architectural, planning and structural solutions that make it possible to increase the earth-
quake resistance of buildings. Different types of energy absorbers are also studied that efficiently absorb the energy of
seismic vibrations preventing the destruction of load-bearing structures.

The analysis of typical earthquake damage enables ways and methods for increasing the earthquake resistance of a
building to be formulated:

— reduction of inertial loads during seismic action due to the use of lightweight and efficient building materials;

— uniform and symmetrical distribution of stiffness and mass relative to building axes;

— location of butt joints outside the areas of greatest effort;

— ensuring the plastic operation of structures to absorb the energy of seismic impacts.

Foundations and underground structures
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The study also examines modern active seismic protection systems, including seismic insulation, adaptive systems,
damping and vibration dampers.

Special attention is paid to the development and analysis of the attachment point of the frame using a curved thin-
walled plate. This solution makes it possible to effectively transfer forces from seismic impacts and ensure high earth-
quake resistance of the building.

Hence this study seeks to develop innovative design solutions increasing the reliability of buildings and structures, to
create conditions for reducing possible damage including that to load-bearing structures.

Considering the typical earthquake damage, buildings and structures in regions with seismic activity of 8, 9, and 10
points should be designed so that the impact of seismic force is kept to a minimum. The aim of the study is to investigate
the existing options for protecting buildings from seismic effects, as well as to calculate a possible attachment point for
the building frame.

Materials and Methods. There are two ways to increase seismic resistance: traditional one— by increasing the cross-
sections of structures and a special one — by reducing the load by means of changing the dynamic scheme of the structure [1].

The major ways of increasing the earthquake resistance of buildings are architectural planning and design solutions?,
as well as a range of energy-absorbers.

Based on the results of an engineering analysis of the effects of earthquakes, the following principles of earthquake-
resistant buildings design were obtained [2]:

— reduction of seismic forces due to the use of lighter and more efficient building materials, thereby reducing the
mass of structures;

— optimization of bending stiffness, the location of nodal masses equally distant, including symmetrically, in the
most dangerous directions of seismic load;

— positioning / butt joints outside the area of greatest effort;

— ensuring the plastic operation of structures.

The standards for the design of steel structures allow the use of plastic properties. These properties can also be used
for reducing the energy transferred to structures during seismic action. Such special elements are called energy absorbers.
At the same time, additional design solutions to, e.g., increase rigidity, strength, and stability will not be required. If the
yield point is exceeded, the energy absorbers can be replaced with no loss of structural performance [3, 4].

There are a few major types of energy absorbers in the literature. These include rods or plates used in frame systems
characterized by low energy consumption; rings or pipes — as a rule — typically installed in connections to transfer
stretching and compression forces through braces, bolted joints are used; beams are used instead of diagonal connections,
energy absorption is provided due to the bending or torsional rigidity of the element; structures providing shift are char-
acterized by a relatively high specific energy consumption.

In order to eliminate stress concentrations, structural elements should not include sudden changes in cross-sections
for increasing cyclic strength and durability [5].

The issue of developing active seismic protection systems is relevant. The basic principles of such systems are the
overall self-isolation of buildings or individual elements adaptive systems with variable characteristics, dampers and vi-
bration dampers are used for [6].

Research Results. The simplest and most effective example of such an energy absorber can be a shape made of a bent
thin-walled plate installed in the junction of the bond with the column with an offset relative to the axis of the bond. At
the same time, the shape enables a transfer the forces from the seismic impact within the elastic operation of the material.

Fig. 1 shows a diagram of the attachment point of the frame bond, Fig. 2 shows section 1-1.

1 SP 14.13330.2014 Construction in Seismic Areas. Updated Edition of SNiP 11-7-81*. Moscow: Standartinform; 2018. 114 p.
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Fig. 1. Diagram of the attachment point of the frame bond

11

Fig. 2. Section 1-1

1. Acoupling element 3 is attached to the column of the frame 1 having a shape 2. Fastening of the coupling element 2 to
the column 1 is provided using factory welds 5. Fastening of the coupling element 4 of the bond 3 to the shape 2 is
provided using bolts and mounting welding 6. Fastening of the coupling element 4 is provided through the plug 7 of the
coupling element 3 from a closed bent-welded the profile.

2. Forces from the coupling element 3 to the column 1 are transferred through the shape 4 attached with an offset
relative to the axis of the coupling 3. The node operates as follows: the shape 4 perceives the forces from the coupling
element 3, while elastically deforming, due to ductility reduces the internal forces transmitted to the column 1. The oper-
ation in the elastic area does not lead to residual deformations and ensures sufficient reliability of the attachment point of
the bond with the column.

3. While exposed to a horizontal seismic load, there are elastic deformations in the profile 4 at the junctions of the
bond 3 with the column 1, due to which a significant part of the vibrations is absorbed increasing the seismic stability of
the building.

4. A finite element analysis of the stress-strain of the shape under a compressive force has been performed via the
Stark ES software package. The main stresses and deformations in the element are identified. The calculation scheme is
shown in Fig. 3, the voltage distribution is shown in Fig. 4. The essence of the finite element method is that the calculated
structure is divided into a number of small but finite elements, which, depending on the type of structure and the nature
of its deformation, might have different shapes. An example of calculation using this method is discussed in [7], where
the research model is a freely supported single-span beam made of a thin-walled profile with a channel section. Isotropic
plates with a thickness of 1.2 mm are used as the finite elements.
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Fig. 3. Calculation scheme

reduces metal consumption, provides high seismic stability, and is

Fig. 4. Main stresses in the gusset

5. The frame structure is easy to manufacture,
easily replaced with a new one allowing quick complete restoration of the bearing capacity of the frame.
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Discussion and Conclusion. As a result of the study, innovative design solutions have been set forth in order to
increase the earthquake resistance of buildings. These include the use of energy-absorbing shapes made of bent thin-
walled plates in the attachment points of the frame bonds.

The application of the suggested constructive solutions allows one:

— to reduce the metal consumption of structures;

— to ensure easy replacement of elements if needed;

— to scale the solutions for different types of building structures and climatic conditions.

Therefore the resulting solutions are a critical contribution to the development of earthquake-resistant construction

and can be successfully applied in a wide range of regions experiencing an increased seismic activity.
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Abstract

Introduction. Mechanical activation of the dry components of cement composites is utilized in order to increase the initial
strength, improve the rheological characteristics of the mixture, as well as to reduce the setting time by increasing the
reactivity of the binder. Heat release kinetics of components of cement composites modified by means of mechanical
activation methods has been insufficiently investigated and studying its changes is an urgent task. In order to describe
heat release kinetics, well-known equations are used relating a degree of hydration and a relative heat release. The aim of
this study is to examine heat emission of a mechanically activated cement-sand composition as well as to identify param-
eters of equations describing heat release kinetics.

Materials and Methods. The investigated mechanically activated composition consists of cement and sand with a weight
ratio of 1:2.14, with a specific surface area of 3690.8 cm?/g. Using an isothermal calorimeter, a calorimetric analysis of a
mechanically activated cement-sand composition, as well as non-activated cement, was conducted, and heat flux data
were obtained.

Research Results. The cement in the composition of the mechanically activated composition was found to be moderately
thermal in terms of heat release, with heat release values of 247 J/g and 281 J/g at the age of 3 and 7 days, respectively.
During preliminary mechanical activation of the cement-sand composition, the time of the induction period and that to
reach 50% of the maximum heat release of cement are reduced by 1.34 and 1.76-1.79 times, respectively.

Discussion and Conclusion. In the course of the study, the heat release kinetics of a mechanically activated cement-sand
composition is described. A decrease in the induction period of the hydration process during mechanical activation of
cement has been identified confirming the efficiency of mechanical activation of initial dry concrete components. The
results can be practically applied in plants for producing dry building mixtures and concretes while introducing the tech-
nology of mechanical activation of concrete composite components.

Keywords: cement, hydration reaction, reaction rate, mechanical activation, cement-sand composition, heat release Kinetics
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OpMZMHa]leOE amnupudeckoe ucciedosamue

Kuneruka TCIJIOBBIACJICHUA MCXﬁHOﬁKTHBHpOBaHHOﬁ HeMeHTHO-HeC‘laHOﬁ KOMIIO3UIINH

A.B. Iy3aroBa = <, A /1. Koraii =", M.A. /IMuTpuena
Banruiickuii GpenepansHblii yausepcuteT uM. MiMmmanymna Kanta, r. Kanmuauarpan, Poccuiickas denepanus
P4 a.v.puzatova@gmail.com

AHHOTAIINA

Beeoenue. Mexanndeckass akTUBAIlUs CYXMX KOMIIOHEHTOB IEMEHTHBIX KOMIIO3UTOB UCTIOIB3YETCS JJISI TIOBBIIIICHHUS
HaYaJIbHOW MPOYHOCTH, YIYUIICHUS PEOJIOTHIECKUX XapaKTEPUCTUK CMECH, COKPAIEHUsI CPOKOB CXBATHIBAHUS 32 CUET
TIOBBIIIEHUS PEAKIIMOHHON CIIOCOOHOCTH BSIXKYIEero. KuHeTnka TeIuIoBbIIeTIeHISI KOMITOHEHTOB IIEMEHTHBIX KOMIIO3H-
TOB, MOJU(PHUITUPOBAHHBIX METOJAAMH MEXaHHMUYECKOM aKTHBAIMH, Ha TAHHBIH MOMEHT MaJIO M3y4YeHa, U UCCIIe0BaHUE ¢
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N3MEHEHMS SIBIISICTCS aKTyaIbHOM 3a/aueif. J{is onvcaHus KWHETHKH TEIUIOBBIICJICHHS HCIIOIB3YIOTCSl M3BECTHBIE YPaB-
HEHUS, CBSI3bIBAIOIINE CTEIEHb TUIPATAIIMU 1 OTHOCUTENBHOE TeIUIOBbIAeneHue. Llenbio naHHOi paboThl sBIsIeTCS UC-
CJIeIOBaHUE MPOLECCa TEIUIOBBIICICHNS MEXaHOAKTHBUPOBAHHON LIEMEHTHO-TIECYaHOH KOMIIO3UIUH C ONpeIeIeHHEM
[apaMeTpoB YpaBHEHHH, ONUCHIBAIOIINX KHHETUKY TETUIOBBINCICHHS.

Mamepuanst u memoodwt. Viccnenyemas MEXaHOAKTHBHPOBaHHAS KOMIIO3UIINS COCTOMT M3 LIEMEHTa M IecKa ¢ OTHOLIe-
HueM no Macce 1:2,14, ynensHas nosepxHocth — 3690,8 cm?/r. C OMOIIBIO H30TEPMUUECKOr0 KAIOPUMETPa IPOBEeH
KaJOPUMETPUUECKUH aHaIN3 MEXaHOAKTHBUPOBAHHOM [IEMEHTHO-IIECYaHOW KOMITIO3HIINH, a TAaK)Ke HEAKTHBUPOBAHHOTO
LIEMEHTA, [TOJIy4eHbI JAHHBIC TEIUIOBBIX MOTOKOB.

Pesynvmamut uccnedosanus. ONpeneneHo, 4To EMEHT B COCTaBE MEXaHOAKTHBHPOBAHHOM KOMITO3UIIMH 110 ITOKa3aTeIsIM
TEIUIOBBIJIETICHUS OTHOCUTCS. K YMEPEHHOTEPMHYHBIM CO 3HAUCHUSIMH TEIUIOBBLIENCHUS B Bo3pacTe 3 u 7 cyrok 247 JIx/T
u 281 JIx/r cooTBeTCcTBEHHO. [IpH MpeaBapUTEIbHON MEXaHWYECKOH aKTUBALIMH LIEMEHTHO-TIECYaHOH KOMIIO3UIIMK COKpa-
IIAIOTCS BpEMsI HHAYKIMOHHOTO Neproa U BpeMs focTkeHus 50 % OT MaKCHMAaIbHOTO 3HAUCHHUS TETIOBBIICIICHNUS Lie-
merTa B 1,34 u 1,76-1,79 pa3 cooTBeTCTBEHHO.

Obcyscoenue u 3akntouenue. B xone npoBeIeHHBIX UCCIICIOBAHUH ONMCAaHa KHHETHKA TEIUIOBBIICIICHUS] MCXaHOAKTH-
BHUPOBaHHOI [IEMEHTHO-TIECYaHOH KOMIIO3UIMH. Y CTAaHOBJICHO YMEHBIIICHHE HHAYKIIMOHHOTO Meproia Ipoliecca ruapa-
TallUH [IPU MEXaHWYECKOH aKTHBAIMK LIEMEHTA, YTO MOATBep)KAaeT 3P (HEKTHBHOCTh MEXaHOAKTHBAIIMI HCXOIHBIX CyXHX
KOMIIOHEHTOB OE€TOHOB. HOJ’Iy‘-ICHHLIe PE3YIbTAThl MOT'YT UMCThH IMPAKTUYCCKOC IMPUMEHCHUEC HA 3aBOJIax IO MPOU3BOI-
CTBY CYXHUX CTPOUTECIBbHBIX cMecel U 6eTOHOB Ipyu BHEAPCHUUN TCXHOJIOI'MU MEXaHUYEeCKON aKTHUBallMi KOMIIOHCHTOB
OCTOHHBIX KOMITO3HUTOB.

KiaroueBble ciioBa: HEMCHT, p€aKUus rugpartaiiu, CKOpOoCTb pECaKIuu, MEXaHNYCCKasd aKTUBalUA, HECMCHTHO-TICCHYaHasd
KOMIIO3HIINA, KHHCTHUKA TCIIJIOBBIACIICHUA

Jas uuruposanus. Ilyzatosa A.B., Korait A./l., ImurpueBa M.A. KuneTrka TemIoBbIACIEHNS MEXaHOAKTUBUPOBAH-
HOH IIeMEHTHO-TIecuaHoi komnosunuu. Cospemennbie meHOeHYUuU 8 Cmpoumenscmse, 2padocmpoumensemee u niaHu-
poske meppumopuii. 2025;4(3):25-32. https://doi.org/10.23947/2949-1835-2025-4-3-25-32

Introduction. Cement is the major binder characterizing structure formation of concrete as a whole. The initial
Portland cement powder commonly consists of four main phases: alite (C3S), belite (C,S), aluminate (C3A) and ferrite
(C4AF) [1]. When the cement binder is mixed with water, a hydration process occurs accompanied by heat release.
Varying intensity of the reaction and its high dynamism over time was the rationale for dividing the entire hydration
process into separate periods that are easy to record while analyzing changes in the heat release of the system [2].

When the binder is mixed with water, intense but short-term heat generation occurs, lasting only a few minutes (initial
stage). This stage is associated with the initial activity of CsS due to the wetting effect, as well as the reaction of the
aluminate phases. The heat release is then stabilized to a relatively constant rate during the induction period, and the
solution is stored in a relatively ductile liquid state for about 2 hours. The reasons for the induction period and its
completion are extensively discussed, and the most popular hypothesis is currently the formation of protective membranes
around cement particles, which requires the expenditure of thermal energy [2; 3]. Notwithstanding a specific mechanism,
the end of the induction period is characterized by a sharp increase in the rate of heat release largely caused by the
formation of reaction products: calcium hydrosilicates (HSC) and calcium hydroxide (GC). This acceleration period ends
with the maximum heat release (after about 10-12 hours). After that, heat generation slows down (the deceleration stage)
to a steady level (the period of hardening or slow interaction) when hydration continues for a period of several months to
several years. As a result of the long reaction period, the structure and, more importantly, the porous structure of the
hardened cement paste will constantly change over time.

Concrete heat generation and strength gain are known to be closely linked [4, 5]: the faster the hydration process
occurs, the more intense the growth of crystallohydrates becomes forming the solid structure of cement stone and the
entire composite. The degree of hydration «.associated with the reaction rate can be determined based on the mechanical
and physical properties represented by the kinetics of strength gain and heat release kinetics:

R, Q.

R28 Qmax '
where r— solidification time, days; R — strength at the age of 7, MPa; Ros — strength at the age of 28 days, MPa;
Q:— the value of the integral heat dissipation at a time 7, J/g; Qmax — maximum value of cement heat release at the
age of 28 days, J/g.
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In order to describe the heat release kinetics related to that of strength gain, an equation similar in structure to EN
1992-1-1[6; 7] is used®:

e —exp (k- (1- (2)), @

'max T

where k, d — are the equation parameters.
There are a few more equations used in order to describe the heat release rate of the binder during hardening. In the

Russian literature, the formula by 1.D. Zaporozhets is used in order to describe the heat release kinetics [8, 9]:

2= 1-(1+4 D7, @)

Qmax

where A — coefficient of growth rate of heat release at the hardening temperature t +20 °C, h*; n — indicator depending
on the properties of the cement.

In overseas practice a formula by T. Knudsen [10-12] is used:

1 _ 1 Ts0
Q: - Qmax Qmax(—15)’
where 750 — release time of 50 % from Qmax; % — duration of the induction period.

The heat release of cement depends on a host of factors, such as the phase composition, the amount of mixing water,
storage and hardening conditions, etc. Another major factor is the surface condition of the cement grains and their size.
Cement is known to have the highest chemical activity immediately following its manufacture and to decrease over time.
In order to increase the reactivity of the binder, there are some methods of its activation, mechanical activation being the
most common one [13]. During mechanical activation, a fresh, developed and chemically active particle surface is formed
helping to increase thehydration reaction rate and change the nature of heat release.

The authors have developed a mechanically activated cement-sand composition (CSC) that has been proven to be
efficient in the production of cement composites [14]. It is shown that the preliminary joint mechanical activation of the
dry components (cement and sand) that constitute the concrete mixture increases the initial strength of the composite by
more than 2 times, improves the rheological characteristics of the mixture and reduces the setting time. The heat release
kinetics of components of cement composites modified by mechanical activation methods is insufficiently investigated
and studying its changes is an urgent task.

The aim of the study is to investigate heat release of a mechanically activated cement-sand composition as well as to
identify the parameters of the equations describing the heat release kinetics.

Materials and Methods. The investigated mechanically activated composition consists of cement and sand with a
weight ratio of 1:2.14. In the experiments, Portland cement Eurozem 500 super, CEM | 42.5H manufactured by Petersburg
Cement LLC, Russia was utilized. Construction sand, fractional composition: 70% is a fraction of 2.5-1.25 mm, 30% is
a fraction of 0.63-0.315 mm. The mechanical activation was performed in a Retsch Emax laboratory ball mill designed
for ultrafast and ultrafine grinding. The activation mode is 5 minutes long at a speed of 1000 rotations/min. The specific
surface area of the mechanically activated composition is 3690.8 cm?/g [14].

As part of the study, a calorimetric analysis of the mechanically activated CSC was conducted in compliance with
GOST 310.5-8812. This method enables us to investigate the kinetics of the cement hydration reaction by analyzing the
hardening thermodynamics of the solution. In order to examine the processes of heat release, an 8-channel TAM Air
isothermal calorimeter was used allowing analyzing the heat release of reactions in the isothermal mode, as well as the
kinetics of exothermic and endothermic reactions. In the isothermal mode of operation of the device, the thermostat
maintains a constant system temperature throughout the entire experiment with any thermal effects associated with a
chemical or physical process in the sample being recorded. Isothermal measurements provide quantitative information
reflecting the rates of the investigated processes.

All of the channels of the calorimeter are double, including a sample and a reference standard in 20 ml ampoules. The
principle of operation of the calorimeter is to compare and then record the heat flow velocity of the test sample with a
reference standard represented by an inert material. 6 grams of the investigated mechanically activated CSC and 3 grams
of water were placed in each ampoule. Quartz sand was used as the reference standard with its mass calculated based on
ensuring the equivalence of the heat capacity of the components of the investigated sample and the reference standard,
and in this study it is 21 grams. The experiment was 120 hours long. The accuracy of the device temperature setting is
+ 0.02 °C, the sensitivity limit is 4 uW, the error is + 23 uW. The heat dissipation was investigated using 4 samples of a
mechanically activated CSC, and the experimental results waswere statistically processed in order to adequately evaluate
the resulting data.

©)

1 EN 1992-1-1 (2004) (English): Eurocode 2: Design of Concrete Structures — Part 1-1: General Rules and Rules for Buildings. European Committee
for Standardization Edt; 2004. 227 p.

2 GOST 310.5-88 "Cements. Method for determining heat dissipation": introduction. 01.01.1989. Moscow: Publishing House of Standards; 1988. 6 p.
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Considering that in the investigated mechanically activated composition, it is only cement (as a reactant) that has heat
generation when mixed with water, the obtained values of the integral heat generation of the mixture were recalculated
by 1 gram of cement. In order to compare the processes taking place in the activated and non-activated system and to
confirm the efficiency of mechanical activation relative to the rate of hydration reaction, a calorimetric analysis of
untreated cement was also performed.

Research Results. The result of the calorimetric analysis of the investigated samples was a set of heat flow data that was
used to obtain integral heat dissipation data, which is subject to further processing. As the most active heat release of the
investigated systems takes place in the first 24 hours, the values of integral heat release were selected for further research in
2-hour increments on the first day, then in 12-hour increments at the age of 2-5 days. Table 1 shows the values of the integral
heat release of the mechanically activated CSC (Q), the recalculated values of heat release per 1 g of cement (Qom.cem) and
the values of relative heat release obtained by dividing the values of heat release at time t by the maximum value of heat
release of cement at the age of 28 days (Q/Qmax). The value of the maximum heat release of cement CEM | 42.5N (M500)
in compliance with SP 41.13330.20121 is Qmax = 385 J/g (kJ/kg) SP 41.13330.20123 is Qmax = 385 J/g (kJ/Kg).

Table 1
Heat dissipation indicators of a mechanically activated CSC
7 h Q,Jg Qorm.cem, J/g Q/Qrmax 5, h Q, J/g Qo cEM., J/Q Q/Qmax
2 0.951 2.988 0.008 22 49.511 155.465 0.404
4 2.976 9.346 0.024 24 51.834 162.758 0.423
6 7.246 22.752 0.059 36 62.415 195.984 0.509
8 13.692 42.993 0.112 48 69.605 218.560 0.568
10 20.969 65.843 0.171 60 74.738 234.677 0.610
12 28.257 88.728 0.230 72 78.786 247.387 0.643
14 34.909 109.613 0.285 84 82.000 257.481 0.669
16 39.881 125.226 0.325 96 84.320 264.763 0.688
18 43.712 137.257 0.357 108 85.911 269.761 0.701
20 46.847 147.100 0.382 120 87.000 273.180 0.710

The values of the integral heat dissipation of the activated CSC represent the average values for 4 samples. Integral
heat dissipation data was statistically processed for each time point, the average values of statistical indicators for the
entire array of processed data are: standard deviation of the arithmetic mean m = 0.29; accuracy index &= 0.59%; coeffi-
cient of variation V. = 1.18%.

In order to determine the nature of the thermicity of the activated cement-sand composition, the values of integral heat
generation at the age of 3 and 7 days were identified. Heat dissipation at the age of 3 days was 247 J/g, the value at the
age of 7 days was obtained by means of extrapolation and amounted to 281 J/g. According to GOST 23464-79* , low-
thermal cements include cements with heat release up to 230 and 270 kJ/kg in 3 and 7 days, respectively, and moderate-
thermal cements — up to 315 kJ/kg in 7 days [7]. Hence the cement in the composition of the mechanically activated
cement-sand composition is moderately thermal.

Table 2 shows the values of the integral heat release of inactive cement and those of the relative heat release.

3 SP 41.13330.2012 "Concrete and Reinforced Concrete Constructions of Hydraulic Structures™: introduced on 01.01.2013. Moscow: Ministry of Re-
gional Development of the Russian Federation; 2012. 72 p.
4 GOST 23464-79 "Cements. Classification™: introduced on 01.07.1979. Moscow: Standardization Publishing House; 1985. 11 p.
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Table 2
Indicators of heat release of cement CEM 1 42,5N
7 h Q, Jg Q/Qmax 7, h Q,Jg Q/Qmax
2 1.328 0.003 22 107.582 0.279
4 4.829 0.013 24 116.539 0.303
6 10.538 0.027 36 153.226 0.398
8 19.580 0.051 48 175.406 0.456
10 31.527 0.082 60 191.484 0.497
12 43.570 0.113 72 201.146 0.522
14 57.606 0.150 84 206.723 0.537
16 71.197 0.185 96 211.234 0.549
18 83.883 0.218 108 214.707 0.558
20 95.495 0.248 120 217.540 0.565

The values of the integral heat release of the inactive cement represent the average values for 5 samples. Integral heat

dissipation data was statistically processed for each time point, the average values of statistical indicators for the entire
array of processed data are: the standard error of the arithmetic mean m = 1.55; the accuracy index ¢ = 2.30%; the coeffi-
cient of variation V¢ = 4.29%.

Fig. 1 shows graphs of the heat release kinetics of a mechanically activated cement-sand composition (activated CSC)
and non-activated cement (CEM 1 42.5N). The integral heat release curves obtained experimentally and the theoretical
values obtained by means of calculation using the equations of function (1), (2), (3) are shown.
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Fig. 1. Experimental and calculated relative heat releases of mechanically activated CSC and inactive cement
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Parameters of the equations of functions (1), (2), (3) for the results shown in Fig. 1 are in Table 3 which also provides
a comparison of the obtained parameter values with other researchers’ data.

Table 3
Parameters of the equations of the heat release kinetics

. Q 28\¢ Q. |11 T50

Equation T — (1= (== =1-(1+4A-1 — = +
q Qmax eXp(k (1 ( T) ) Qmax ( ) Qr Qmax Qmax ' (T_ Ts)

Designation function (1) function (2) function (3)
Parameter k d A n 750 T
Calculated for
activated CSC 0.20 0.52 0.037 0.77 37.13 1.45
Calculated for CEM | 0.32 0.5% 0.018 0.83* 65.30 1.97
42 5N
G.V. Nesvetaev et al.,
for CEM | 42,5N 0.16-0.21 0.46-0.51 0.022 1.55 445 6
[6, 15]

*The parameter is taken as [16]

According to the data, the value of the induction period for the activated cement-sand composition is z = 1.45 hours.
The estimated time of the induction period for the inactive cement was 1.97 hours. The end of the induction period of the
activated composition occurs 1.34 times faster relative to the inactive cement.

The obtained parameter z 0f the mechanically activated composition for equation (3) is 37.13 hours, which correlates
with the experimental value of the time to achieve 50% heat release, which, according to experimental data, is 34.45
hours, the discrepancy between the results is 2.68 hours or 7.2%. The cement parameter o for equation (3) is 65.30 hours,
which also correlates with the experimental value, which is 61.59 hours, the discrepancy between the results is 3.71 hours
or 5.7%. The time to reach 50% of the heat dissipation value for the activated composition is reduced by 1.76 and 1.79
times for the calculated and experimental values, respectively. Hence the efficiency of mechanical activation of cement
is confirmed in relation to reducing the induction period and earlier start of the structure formation of a cement composite
modified by means of mechanical activation of the components.

Discussion and Conclusion. As a result of the study, the values of integral heat generation for a mechanically acti-
vated cement-sand composition were obtained. It was found that the cement in the mechanically activated composition is
moderately thermal in terms of heat release, with heat release values of 247 J/g and 281 J/g at the age of 3 and 7 days,
respectively. The parameters of the equations describing the heat release kinetics are obtained. The values of the duration
of the induction period for the mechanically activated composition (1.45 hours) and the inactive cement (1.97 hours) were
identified. The time to reach 50% of the maximum heat release value of cement for the activated composition is 34-37
hours, while for the non-activated cement it is 61-65 hours.

The data obtained in the course of the study confirm the efficiency of mechanical activation of the initial dry compo-
nents of concrete in terms of assessing the heat release kinetics and changes in the nature of thermality. When the cement-
sand composition is mechanically activated, the time of the induction period and the time to reach 50% of the maximum
heat release of the binder are reduced by 1.34 times and 1.76-1.79 times, respectively, indicating the efficiency of using
the mechanically activated cement-sand composition as an additive in concrete. The results can be practically applied in
plants for producing dry building mixtures and concretes while introducing the technology of mechanical activation of
the components.
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Decoration of the Front Ceramic Brick by the Method of Engobing
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Don State Technical University, Rostov-on-Don, Russian Federation E I-|.
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Abstract

Introduction. The ceramic face brick, which comes with a range of surfaces, shapes and color palettes, is highly sought
in the Russian construction market. Engobing is an effective method of color decoration of ceramic bricks, however, an
individual selection of an engobe composition for each type of product in a factory setting is critical considering a raw
material base used, production modes and a necessary aesthetic solution. In the context of import substitution, the issue
of replacing European manufacturers of decorative coatings and organizing the manufacturing of engobes at Russian
enterprises has gained relevance. The aim of the study is a comprehensive investigation of the engobing method in order
to obtain face bricks with high aesthetic characteristics, stable performance and its introduction into production in view
of the domestic construction market.

Materials and Methods. For the experiments, two types of 1NF face bricks with a smooth surface were selected as the basic
products for applying an angular layer: red and brown one produced by means of the plastic molding technology. The com-
positions of engobes for decoration were developed using frit from the Dulevsky Paint Factory in three main colors: white-
beige, brown and graphite. Laboratory studies of engobe coatings, semi-industrial tests of compositions with various options
for applying to bricks, as well as of the properties of finished products were performed as part of the research.

Research Results. As a result, 8 compositions of engobes were developed and approved that after burning provided a
defect-free and durable coating of the spoon and poke surfaces of the bricks, and methods of applying engobes were set
forth for aesthetic expressiveness of the product itself as well as the brickwork.

Discussion and Conclusion. One of the brick factories in the south of Russia was tasked with developing non-ferrous
cast compositions considering studies and analysis of global trends in brick design and consumer demand as well as with
decorating ceramic face bricks in production conditions. These experiments were successfully implemented in production,
which boosted the volume of products sold in the construction market of the south of the Russian Federation, expanded
architectural and design possibilities for new planning solutions. The results obtained in the field of brick color decoration
are in alignment with the factory parameters, marketing goals as well as economically profitable allowing for expansion
of the range of manufactured and sought products in the domestic construction market.

Keywords: brick, engobe, composition, angobirovanie, production technology, color, shade, surface, decorative masonry
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METOJIOM L[BETHOTO JICKOPUPOBAHUSI KEPAMHUYECKOT0 KUPITNYa, OHAKO HEOOXO0AMM HHIMBHYJIbHBIH 110100p aHTOOHOTO
coCTaBa A KaXXJOTro BHJA U3CIHI Ha 3aBOJIE C YUCTOM HCIIOIb3yEMO ChIPhEBOH 0a3bl, MPOU3BOJCTBECHHBIX PEXIMOB
1 HEOOXOIMMOTO 3CTETHYECKOTO PEIICHHA. B yclIoBHAX MMIOpTO3aMEeNIeHHs BaKHBIM CTajl BOIIPOC 3aMEHBI €BPOMEH-
CKHUX MPOMU3BOANTEICH AEKOPATHBHBIX TOKPBHITHH U OPraHU3aIMH IIPOU3BOICTBA AaHTO0OB HA POCCUICKHX MPEAPHATHSIX.
Ienpro paboThI ABISIETCSI KOMIUIEKCHOE HCCIEJOBaHUE METOAa AaHTOOMPOBAHUSI, HAIIPABJICHHOE HA TIOJTYyYEHHE JIUIEBOTO
KHPITNYa C BBICOKUMH 3CTETHIECKUMH MTOKA3aTEISIMU, YCTOMUMBBIMU SKCILTyaTal[MOHHBIMH Ka4ECTBAMHU U BHEJPCHHUE €TO
B IIPOU3BOJICTBO C YUYETOM OTE€YECTBEHHOTO CTPOUTEIBHOTIO PhIHKA COBITA.

Mamepuanst u memoost. J{11s npoBeieHNs SIKCIIEPUMEHTOB B KayecTBe 0a30BOM NMPOAYKIMH AJIsI HAHECEHHUsI aHTOOHOTO
CII0sI BRIOpaHHI [Ba BHA IHAIEBOT0 Kuprida ¢popmarta | HO ¢ rimagkoii moBepXHOCTHIO: KPaCHBIA M KOPHIHEBBIH, IPOU3BO-
JIIMBIE TI0 TEXHOJIOTHH TIacTH4eckoro opmoBanusi. CocTaBbl aHTOOOB /IS IEKOPHPOBAHHS ObLTH pa3padoTaHbl Ha OCHOBE
¢bputT «/lyIeBCcKOro KpacoYHOTO 3aBOJa» B TPEX OCHOBHBIX I[BETaX: 0e0-0eKeBHIil, KOPHIHEBEIH U rpadUTOBEI. B X0me
paboThI OBUTH IIPOBEIEHBI TA00PATOPHBIE HCCIIEA0BAHMS AHTOOHBIX MOKPBITHH, ITOIYTIPOMBIIUICHHBIE HCIIBITAHUSI COCTABOB
C Pa3IMYHBIMH BapHaHTAMHU HAHECEHHMS Ha KUPIHY, a TAKKE UCCIIEA0BAHNS CBOHCTB FOTOBOI POXYKIHH.

Peszynemamut uccnedosanus. B pesynprare OblIO pa3paboTaHO M YTBEPKAEHO 8 COCTaBOB aHT00OB, KOTOPBIE MOCHE
obxwra obecnieunBany 6e3aeeKTHOE M MPOYHOE TOKPHITHE JIOKKOBOW M THIYKOBOM MOBEPXHOCTEH KHUPIHYA, TIPEIIo-
JKEHBI CII0COOBI HAHECEHHS aHTO0OB IS JIOCTHXKEHHUS SCTETHUECKOM BBHIPa3UTEILHOCTH KaK CaMOT0 U3/IENus, TaK U KUp-
MUYHOU KIJIAJKH.

Obcyscoenue u 3axniouenue. B paMkax mpoBeieHHOM pabOThI ¢ OJHUM M3 KUPIUYHBIX 3aBOJIOB fora Poccuu Oblia mo-
CTaBJIEHA 3aJiaya 10 pa3paboTKe COCTABOB I[BETHBIX aHTOOOB C YUE€TOM M3YUCHHS U aHAJIN3a MUPOBBIX TEHACHIHH B 00-
JlacTH OpHK-IHM3aliHa ¥ MOTPEOUTEIBCKOTO CIIPOCca, U IPOBEACHHIO PabOT MO IEKOPUPOBAHUIO JIMLIEBOTO KEPAMUYECKOTO
KUpITMYa B YCIOBHUSX NMPOM3BOACTBA. JJaHHBIC SKCIIEPUMEHTOB YCIICIIHO BHEAPEHBI B MPOU3BOJICTBO, YTO 3HAYUTEIHHO
YBEJIUUMIO 00BEM MpoJaBacMoil MPOAYKIIMH Ha CTPOUTENILHOM pHIHKE fora Poccuiickoit @enepannu, pacumpuiIo apxu-
TEKTYpPHO-AN3aifHepCKUE BO3ZMOXHOCTH JUIS HOBBIX INIAHUPOBOYHBIX penieHuH. [lomydeHHbIe pe3ynbTaThl B 00J1aCTH IIBE-
TOBOT'O JIEKOPHUPOBAHUS KUPIIHYA MOJHOCTHIO COOTBETCTBYIOT 3aBOJCKUM IapaMeTpaM, MapKeTHHTOBBIM 3a/ladaM, KO-
HOMHYECKH BBITOAHBI U TTO3BOJIAIOT PACIIMPHUTh ACCOPTUMEHT NMPOM3BOANMON M BOCTPEOOBaHHOH NMPOAYKIIMU HA OTeUe-

CTBECHHOM CTPOUTECIILHOM PBIHKEC.

Knroueswvie cnosa: KUpIIN4Y, aHl"O6, COCTaB, aHFO6I/Ip0BaHI/IC, TCXHOJIOTHUA NPOU3BOJACTBA, LBET, OTTCHOK, MIOBCPXHOCTD,
JCKOpaTUBHAA KJlaJKa

Jas uuruposanus. JlanyHosa K.A., OpnoBa M.E., Tepexuna I0.B. JlekopupoBaHue JIMLIEBOTO KEPAMUUECKOIO KHUP-

nmn4ya MEeToa0M aHFO6I/IpOBaHI/IH. COGpeMEHHble meHOeHuuu 6 cmpoumeiibecmee, epadocmpoumeﬂbcmge u nianuposke
meppumopuii. 2025;4(3):33-43. https://doi.org/10.23947/2949-1835-2025-4-3-33-43

Introduction. Brick has been the major building material for many centuries. Its technical and aesthetic characteristics
enable architects to convey a range of architectural forms: from simple cube-shaped buildings to those with a changeable
facade line. The face brick is employed as a durable structural material with high decorative properties. Its variety of
shapes, sizes, colors and textured surfaces allows a unique facade decor to be designed. Even the smooth facade lined
with bricks of not the traditional red brick color, but, e.g., with shades of beige or dark gray, already contributes to making
the building distinct and stand out. The choice of color is also impacted by the global architectural trends, offering colors,
shades, textured "drawings" and their combinations. Let us not forget about the general psychological component of the
architectural and spatial environment. Modern urban culture is increasingly lifting people up from the ground: both in
terms of number of floors and landscaping [1]. An architect’s task used to be fitting the building into the landscape and
making it comfortable, whereas there is now a desire to recreate "green" areas in the urban environment, to create envi-
ronmentally friendly solutions (even the "green architecture” style has emerged) and restore natural harmony by means
of color [2].

Since ancient times, color has been given prominence in architecture. The ancient Egyptian and Greek temples, which
have been preserved in the color of gray stone or sandstone, were bright and colorful in their authentic form. Facades and
architectural decor were covered with murals, stone of a range of colors and shades as well as ceramic cladding were
masterfully employed in building decoration. If the color of the stone is inherent in nature, ceramic products were given
a stable color by means of different decoration methods: mass staining, gluing, glazing, shotcrete, etc.

Engobing is the oldest way of color-coding the surface of a ceramic product. Engobe is a clay suspension applied in
a thin layer to a raw, leathery, or baked product with further burning. It is an excellent coating layer that smooths out
surface irregularities lending the product color and texture.
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The term "engobe™ comes from the French "engobe”, from the Italian "ingobbio" meaning "surfacing™ or "coating".
The ancient masters of Mesopotamia, Egypt, China, Greece and Rome commoly made use of engobe for painting ceramic
dishes, sculpture and ceramic architectural decoration (Fig. 1). Engobe as an archaic natural clay-based paint has been
used to decorate adobe houses in West Africa (Fig. 2). By adding kaolin, charcoal, or crushed multicolored stone to the
angob, Yoruba women paint the walls with sacred patterns of white, black, brown, or ochre [3-5].

Fig. 1. Decorative elements of the roof — antefixes of Maenad and  Fig. 2. Painted huts of the village of Tibele, Burkina Faso,
Silenus, Cerveteri, IV century B.C. XXI century

Since antiquity, ceramic bricks, tiles and other architectural ceramics have been covered with colored engobe. White
engobe was typically used as a substrate for further painting or glaze coating. Against a white background, all the colors
show their full brightness.

According to their composition, engobes are divided into clay-sand, flux and antique varnishes. In manufacturing
ceramic products for architectural and construction purposes, a flux angus is used. A glass bead (5-20% of the total weight
of the bead) or a colorless glaze is commonly used as a flux. The flux lends a stable, non-fading saturated color to products,
improves the adhesion of an engobe layer to the shard and reduces the water permeability of a product. In order to improve
the quality of the engobe, frit is added, sometimes up to 50% of the total weight of the angoba. Frit is a granular glass
mass obtained by fusing a charge followed by a sharp cooling of the hot glass mass.

It is critical to match the raw materials of engobe and brick so that there are no defects in the form of peeling, caulk,
discoloration. The quality of bricks with an engobated coating is also impacted by whether engobe is correctly applied,
the thickness of the layer (no more than 0.2 mm), the angle of inclination while spraying the composition, compliance
with a drying and burning regime? [6].

The color of the building material is a major component in architectural and construction design. Ceramic materials
have a long-lasting color coating due to a manufacturing and decoration technology with further color-fixing burning.
The choice of color for decoration and coating schemes depends on consumers’ demand, marketing research and recom-
mendations, fashion trends and definitely the technical capabilities of an enterprise interacting with scientific teams in the
field of modern ceramics [7, 8].

The major suppliers of engobes and glazes for the Russian ceramic industry were enterprises from Italy and Spain,
however, due to the sanctions, they were forced to reduce supplies resulting manufacturers of ceramics, mostly of bricks,
facing the problem of a lack of high-quality engobe compounds on the market causing a reduction in the product range
and the task of developing their own formulations based on available raw materials being set. In order to address the
problem, it was necessary to develop scientifically solid recommendations on compositions of engobes, burning modes,
and the use of engobing technology in order to modify the appearance of bricks, improve their technical and operational
characteristics in order to further expand the range and increase the competitiveness of manufactured brick products.

The staff of the Department of "Building Materials" of DSTU with many years of experience in the field of scientific
research for the ceramic industry, the development of coating compositions for ceramic tiles, bricks and tiles along with
top enterprise for ceramic bricks production under their belt, carried out scientific and production experiments to solve
the urgent problem of manufacturing engobes and methods of their application. The existing formulations of engobe
coatings and their component composition were systematized, the optimal parameters of the technological process (the

1 Zakharov Al Fundamentals of Ceramics Technology: a Textbook. Moscow: Russian Chemical Technology. D.1. Mendeleev University; 2001. 79 p.

Building materials and products

35



https://www.stsg-donstu.ru

36

Lapunova KA, et al. Decoration of the Front Ceramic Brick by the Method of Engobing

method of applying an engobe, the drying and burning mode) were identified, the decorative and protective possibilities
of engobing were examined, and a comparative analysis of the economic efficiency of the engobing method was per-
formed considering environmental safety in modern production conditions.

The color trend in Pantone's architectural design in 2024 was graphite gray, white, and peach. Dark grey and white
are currently relevant and sought as well as highly popular colors widely used in exterior and interior design. In 2025,
according to the Pantone Color Institute, Mocha Mousse, a light brown or chocolate—brown color that embodies natural
harmony, is trending. It was exactly the shades of these colors that we set forth to develop for decorative decoration of
the front brick.

Materials and Methods. Two types of 1NF format products with a smooth surface were selected as the face brick
for engobing: red and brown one produced using plastic molding technology followed by drying and burning (Fig. 3).
The brick in its appearance and physical and mechanical characteristics is in compliance with the requirements of GOST
530-2012 "Ceramic Bricks and Stones. General Technical Conditions" for face bricks: strength grade M150; frost re-
sistance grade F75; water absorption of at least 5% and no more than 10%; initial water absorption rate is
0.90-1.35 kg/(m?-min). The brick is hollow, the voidness is 40%, it has 3 front surfaces: 1 spoon and 2 pokes, with a
chamfer.

The engobing process consists of applying a thin colored front angob layer to a freshly formed or dried brick with an
airbrush enhancing or masking the structure and color of the shard after burning.

a) b)

Fig. 3. Ceramic face brick approved for operation: « — 1 NF red smooth; b — 1 NF brown smooth

While developing engobe compositions for a specific ceramic mass, the following factors are considered:

— desired decorative effect (color, shade, volume, etc.);

— coefficient of linear thermal expansion of the shard (CLTE);

— technological modes and capacities of the production line;

— economic factors.

As arranged with the manufacturer, the major task was to develop engobe coatings of a specific color palette: white,
beige, brown, dark gray and achieve the effect of degradation (transition from a light to a dark shade) on the front surface
of the brick, as well as to develop schemes of Bavarian decorative masonry (multiclaying) with the obtained color options.

The compositions of engobes for decorating white-beige, brown and dark gray colors were developed based on the
frit from the Dulevsky Paint Factory using microcline, colemanite, zinc oxide, kaolin, clays from JSC Vladimirovsky
Quarry of Refractory Clays of grades HCN and VKS, very fine quartz sand of Class I, barium carbonate and ceramic
pigments.

The method of airbrushing was chosen as for applying engobes to the brick surface. For a decorative degrade effect,
light shades of an engobe coating are applied to the brick that subsequently gradually overlap with the dark ones. It is
necessary that the front surface of the brick has a color stretch from a light to a dark shade. Such a smooth color transition
can be expressed horizontally, vertically or diagonally on the painted front surface.

The plan of the research at the first stage was to develop the engobic compounds in the laboratory and test them on
tile samples made from the molding masses of the factory. The drying and burning modes in the laboratory were as close
as possible to the technological ones. The second stage was engobing in the laboratory followed by burning in a laboratory
furnace of the bricks selected after drying on the line, and testing it. At the third stage, the brick was tested in production
conditions with an expert assessment and approval of the appearance as well as a set of physical and mechanical tests for
all the indicators in compliance with the requirements of GOST 530-2012. Masonry schemes were developed and set
forth for the approved variants of the engobed face brick.
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Research Results. According to the technical and economic indicators, flux brackets are the most suitable coatings
for ceramic bricks considering a single burning. According to the technical specification, the main color palette of bricks
should be from white-beige to dark brown and graphite, and there should also be color "stretches” from light to dark
shades. The face brick must have 2 front engobed surfaces — 1 spoon and 1 poke.

Based on the investigated and selected raw materials, the compositions of flux engobes were developed as shown
in Table 1.

Table 1
Laboratory compositions of fluxic engobes
Esggse Color Composition, % by weight per dry substance
B-0 White Frit — 30, microcline — 20, colemanite — 10, kaolin — 20, HCN — 10, TiO, — 10
B-1 Beige Frit — 30, microcline — 20, colemanite — 10, BaCO3; — 5, ZnO — 5, kaolin — 20,
g HCN — 10

B-2 Beige 1 Frit — 30, microcline — 20, colemanite — 10, burnt kaolin — 25, HCN — 15

K1 Brown Frit — 30, microcline — 20, colemanite — 10, BaCOs — 5, ZnO — 5, kaolin — 10,
Chestnut HCN — 10, red iron oxide pigment — 10

K2 Brown Frit — 30, microcline — 20, colemanite — 10, BaCO3; — 5, ZnO — 5, kaolin — 10,
Chocolate HCN — 10, red iron brown pigment — 10

K-3 Brown Frit — 30, microcline — 20, colemanite — 10, BaCOs; — 5, ZnO — 5, kaolin — 10,
Terracotta HCN — 10, Mn3O4 — 10

X4 Brown Frit — 30, microcline — 20, colemanite — 10, BaCO3— 5, ZnO — 5, kaolin — 10,
Cinnamon HCN — 10, iron scale — 10

The engobe compounds were applied by airbrushing to the dried product. The thickness of the angular layer was
0.5-1 mm. A layer which is too thick might cause the engobe to peel off during burning. It is important to keep a
watchful eye on the pneumatic spray gun so that the head does not clog, the spray gun itself must be kept at a
distance of 25-30 cm from the brick. In laboratory conditions, when applied to tile samples and to bricks, the
developed compositions were in agreement with the declared parameters in terms of color solutions and the quality
of the front surface.

In production conditions, after decoration, the bricks were moved to a tunnel kiln for burning at a maximum temper-
ature of 940°C (Fig. 4). After burning, the investigated bricks were sent for visual inspection in order to analyze the result.
The engobe compounds B-0, B-2, K-3 and K-4 performed well on the brick and distributed evenly, there was no techno-
logical defect on the surface, and the color corresponded to the identified technical specifications. The engobe composi-
tions B-1, K-1 and K-2 did not match the color scheme, this decorative layer was not concealable and not sufficiently
baked. Hence technological defects and fingerprints were found on the front surface of the bricks.

The production experiment showed that due to the difference in the cross-section of the furnace, for the brick surface
to be concealed better, it is necessary to increase the burning temperature to 970°C or adjust the compositions. Analyzing
the data and carrying out a technical and economic calculation, it was decided to adjust the compositions B-1, K-1 and
K-2 and develop an additional graphite-colored engobe composition (Table 2).

For the second stage of the factory testing, it was decided to reapply the B-0, B-2, K-3 and K-4 engobe compounds
and the newly developed B-1, K-1, K-2 and G-1 compositions. The decorative compositions were also applied by means
of airbrushing. The decoration of the brick, depending on the planned decorative effect, was complete or partial, one or
two faces were covered, and there was also an angled or straight color filling.
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== SRR

Fig. 4. Engobing by means of airbrushing in the factory setting

Table 2
Engobe correction compositions
Engobe code Color Composition, % by weight per dry substance
. Frit — 40, microcline — 15, colemanite — 10, HCN-2 — 15,
B-1 Beige ZnO — 5, kaolin — 20, TiO — 10, glue — 1
Frit — 45, microcline — 10, colemanite — 15, VKS — 20,
K-1 Brown Chestnut coloring pigment — 10, glue — 1
Frit — 40, microcline — 15, colemanite — 10, VKS — 20,
K-2 Brown Chocolate coloring pigment — 10, glue — 1
. Frit — 40, microcline — 10, colemanite — 10, VKS — 15,
G-1 Dark grey Graphite copper oxide — 15, iron scale — 5, iron oxide — 5, glue — 1

Burning was in a factory furnace at a temperature of 940-950 °C. After burning, the engobed bricks were sent for
visual inspection. Table 3 shows the main conclusions made following the semi-factory tests.

Table 3
Results of the second stage of the semi-factory tests
Engobe .

code Color Photo of an engobed brick Result of the factory tests

Uneven layer, there is a factory defect (chips,
. scuffs), the color corresponds to the planned tone,

B-0 White : . .
not suitable for a solid coating, can be used for color
transitions as an additional color.
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Engobe :
cg de Color Photo of an engobed brick Result of the factory tests
A smooth, concealable engobe layer, the color cor-
B-1 Beige responds to the planned tone, and there is no factory
defect on the surface
Beige with A smooth, concealable engobe layer, the color cor-
B-2 a yellow shade responds to the planned tone (there is a yellow
Beige 1 shade), there is no factory defect on the surface
A smooth, concealable engobe layer, the color cor-
K-1 Brown Chestnut responds to the planned tone (brown), there is no
factory defect on the surface
An even, sheltering engobe layer, the color corre-
sponds to the planned tone (brown, dark brown),
K-2 Brown Chocolate there are areas of the non-baked engobe layer, but
these areas are not visible at a distance of 1 meter
and do not impact the durability of the layer
A smooth, concealable engobe layer, the color cor-
K-3 Brown Terracotta responds to the planned tone (red-brown), there is
no factory defect on the surface
Ka Brown A smooth, concealable engobe layer, the color cor-
Cinnamon responds to the planned tone
61 Dark gray A smooth, concealable engobe layer, the color cor-
Graphite responds to the planned tone (dark gray)

By combining the developed angobic compounds, a range variety of color solutions is obtained. While decorating
bricks, it is important to have prior understanding of the scheme of applying the engobe to the front surface. Fig. 5 shows

the options for combining angobic compounds to achieve a degrade effect on the front surface of the brick.
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d) e)
Fig. 5. Brick decoration options with the degrade effect based on the developed engobe compositions: « — B-0 + K-1;
b — B-1 + color of the burned brick; ¢ — B-2 + K-3; d — K-1 + K-2; e — K-2+G-1

The next step was to develop decorative masonry schemes made of the engobed bricks based on Bavarian masonry,
which seems reasonable in terms of combinatorics and design. It is possible to achieve the effect of Bavarian masonry
using degrade-colored bricks by combining bricks of the same color or different ones by laying them in a few ways: by
connecting spoons of the same shade, alternating light and dark shades. Using a range of decorative masonry (chain, Old
Russian, Flemish, cross, etc.), it is possible to increase the variants of combinatorial solutions. Only one spoon-shaped
masonry with an offset of 4 brick was examined.

Bavarian brickwork is a special type of decorative masonry based on the principle of chaotic combination of several
shades of the same color. In this case, the main tone should be about half of the scheme, and auxiliary colors are used for
the remainder of the styling. There should be no separate dark and light spots in the facade cladding, they should alternate
instead creating smooth transitions of color shades throughout the facade with no crowding of one color to emphasize the
overall harmony of the front masonry and fit it into the architectural space. Bricks of the same shade should not be
replicated in the masonry, but alternate with the other shades, thus generating a feeling of chaotic, "spontaneous™ facade
masonry or look like arbitrary color spots [9, 10].

Taking into account the principles of "Bavarian" masonry and the resulting color palette in the form of angob com-
pounds, Figure 6 shows the developed masonry using angobated ceramic bricks with the degrade effect. As can be seen
from Fig. 6, the main color in this "Bavarian" masonry is red-brown (K-3), and the auxiliary color is graphite (G-1). The
main task in the development of this masonry is not to overload the future facade. The combination of dark brown and
red-brown appears to be interesting in its decorative characteristics, but it might be difficult to take in a complete facade.
Therefore, it was decided to develop a "lighter" color version of the "Bavarian" masonry (Fig. 7).

Fig. 6. Bavarian masonry using the engobated ceramic bricks Fig. 7. Bavarian masonry using the engobated ceramic bricks
(acid composition G-1, K-3 + the color of the baked brick) (similar composition of K-2, K-3 + own brick color)



Modern Trends in Construction, Urban and Territorial Planning. 2025;4(3):33—43. eISSN 2949-1835

As can be seen in Fig. 7, the combined bricks are half decorated with an engobe coating — there is a rich brown color
to the edge of the brick, and the main shade remains "natural”. This color technique is attained by means of the airbrushing
technique of applying an engobe. As can be seen, there are already three shades where the main color is the one of the
baked clay itself, and the auxiliary engobe layers are K-2 and K-3.

Interesting color transitions can be attained using the degrade effect in the masonry itself, where bricks with the same
coating effect alternate. Fig. 8 and 9 show the color transitions from dark brown to beige and from brown to light beige.
In the masonry in Fig. 8, the color decoration of the brick itself can be observed, where there is a different intensity of
brown color in filling the front side of the brick, which lends the masonry a unique character.

Fig. 9. Decorative bricklaying using the degrade effect (engobe compositions B-2, K-4)

Based on Fig. 9, the main color in the developed masonry is beige (B-2), the additional one is brown (K-4). As can be
seen, brown is not intense in terms of tone saturation, thereby it does not overload the masonry.

Fig. 10 shows the Zebra decorative masonry on contrasting solutions, where beige is the main color, while dark brown
and graphite are auxiliary ones. However, due of the richness of dark brown and the layout of the pattern, it draws attention
to itself, thereby emphasizing the pattern of the masonry.

Fig. 10. Decorative bricklaying (engobe compositions B-2, K-4 and G-1)

There can be an infinite number of color variaties of artistic brickwork, the main thing is to stay on top of the latest global
trends and accommodate consumers’ needs, or to create and promote new trends in the brick market of southern Russia.
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Discussion and Conclusion. Ceramic bricks have been and still are a high-quality, durable, environmentally friendly
and aesthetically attractive building material with a steady demand in the construction market. It is ceramic bricks that
can be as changeable as they are traditional. This shows in the aesthetic appearance of the brick and its price. Brick
decoration is a relevant task, as brick is no longer only a structural material, but has been promoted into the category of
elite building materials with a wide range of possibilities in the field of color and textured surface design. A brick design
direction has been formed to identify new and expand the traditional aesthetic possibilities of ceramic bricks [11, 12].
The active development of the ceramic industry in the Russian Federation calls for a joint coordinated effort of managers
and technologists of enterprises with scientific organizations, marketers and distributors. Such a professional tandem will
make it possible to release successful brick collections, be ahead of the latest trends in brick design and timely prepare
raw materials and technological equipment for production of face bricks with specific aesthetic characteristics. Using the
example of our team's work on introducing engobed bricks into a technological process of an operating enterprise, the
consistency and effectiveness of the chosen schemes, laboratory and semi-factory testing methods considering financial
capacities of an enterprise have been proven. The results have been implemented, the company has been able to launch
the production of engobed bricks and has formed a new stable cluster for producing decorative face bricks with specific
aesthetic characteristics in the southern Russian market.
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Abstract

Introduction. The article examines the issues related to the amendments to the housing legislation that came into force on
April 1, 2024 regarding regulating relations for reconstruction and redevelopment of premises in apartment buildings. The
topic is relevant as the changes made in scientific and educational literature have not been properly comprehended. The aims
of the work include the analysis of legislative innovations and development of proposals for improving the standards of the
Housing Code of the Russian Federation.

Materials and Methods. The object of the research is the legal institute of reconstruction and redevelopment, its relationship
with reconstruction and with the system of technological inventory of the housing stock. The following methods are used:
general scientific (dialectical materialistic), specific scientific (logical (analysis, synthesis), concrete historical, systematic
method) and other scientific discovery methods.

Research Results. The paper sets forth specific proposals for changing the standards of the housing and communal services
of the Russian Federation in order to eliminate the problems of legal regulation of reconstruction and redevelopment.
Discussion and Conclusion. The results of the study hold a promise of being implemented into the current housing legisla-
tion and enable us to improve the mechanism of legal regulation of reconstruction and redevelopment.

Keywords: reconstruction, redevelopment, reconstruction, technological inventory, housing stock
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AHHOTAIINA

Beeoenue. B cratbe paccMaTpuBaeTcs rnpobiemarnka BCTynuBiux B cuity ¢ 01.04.2024 roga u3MEHEHHH KWIINITHOTO
3aKOHOJATeIbCTBA B YACTH PETrYJIMPOBaHMS OTHOLICHUH MO MEepPeyCTPONUCTBY U MepeIIaHUPOBKE MOMEIEHUH B MHOTO-
KBapTUPHBIX JOMax. 3HAUNMOCTh TeMbI 00yCJIOBJICHA HEJIOCTATOYHBIM YPOBHEM OCMBICIICHHS BHECEHHBIX M3MEHEHUH B
Hay9IHOH 1 yueOHOH nmuTeparype. B uncine nemneii paboTsl — aHaIN3 3aKOHOIATEFHBIX HOBEIUT M BEIPAOOTKA ITPEIIoKe-
HUM 110 COBEpIIEHCTBOBaHUIO HOpM JKunuiHoro koaekca Poccuiickoit ®denepanuu.
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Mamepuanst u memodst. OOBEKT UCCIIEIOBAHNUS — IPABOBON HHCTUTYT IIEPEYCTPONCTBA U IIEPEIUIAHUPOBKH, €0 COOT-
HOIIEHHE C PEKOHCTPYKINEH U CBA3b C CHCTEMOM TEXHUYIECKOTO y4eTa XKUIHIIHOTO (GoHxa. Vicromp3ytoTes: o0meHayd-
HBIE (OUAJCKTHKO-MAaTePHATHCTHUECKUI), YaCTHO-HAYYHBIE (JIOTHYecKHe (aHAN3, CHHTE3), KOHKPETHO-UCTOPUICCKHA,
CHCTEMHBIH METOM) U APYTHE METOABI HAYYHOTO MTO3HAHHA.

Pezynomamut uccnedosanus. B padbore copMymupoBaHbl KOHKpPETHBIE TIPeNIoKeHus 1o m3MeHeHnto HopM KK PO,
HalnpaBJICHHBIE HA YCTPaHEHUE MIPOOIIEM IIPaBOBOTO PErYIUPOBAHKS NEPEYCTPOHCTBA U INTAHUPOBKH.

Oécyancoenue u 3axniouenue. Pe3ynbrarel, IOJy4eHHBIE B X0/ HCCIICIOBAHUS, IMEIOT IEPCIIEKTHBY UMILJIEMEHTAIINH B
JIEHCTBYIOIIEE JKIITUITHOE 3aKOHOAATEIbCTBO U MO3BOJISIIOT YCOBEPIICHCTBOBATh MEXaHU3M ITPABOBOTO PETYINPOBAHUS
OTHOIIEHHH TI0 EPEyCTPOUCTBY U TIEPEIIaHUPOBKE.

KoaioueBble ci1oBa: nepeycTpoicTBO, IEPEIUIAHUPOBKA, PEKOHCTPYKIUS, TEXHUYECKUH yUeT, KUIHIITHBIA (OHT

BaaronapuocTn. aBTOp BEIpaXkaeT OJaroapHOCTh 3aBeayroniel kadeapoit «I'opoJcKoe CTPOUTENBECTBO U XO3SHCTBOY
¢dakymprera «[IpombImmenHoe W TpakmgaHCKoe crpoutenbcTBo» JAI'TY, mokropy TeXHHYECKHX HayK, Ipodeccopy
C.I'. llennoit n 3aBemyromiei kadeapoii TpakIaHCKOTO MpaBa opuamdeckoro paxyiaprera IODY, kanaugary opuande-
ckux Hayk, gorenty E.C. CenuBaHOBOM 3a COACHUCTBHIE B OATOTOBKE CTATHH.

s uutupoBanus. beutkos B.B. IlpaBoBrie po0eMbI mepeycTpornCcTBa U MEePerIaHnpOBKY ToMerneHnil. Cogpemern-
Hble MEHOeHYuu 6 CMmpoumenbcmee, 2padocmpoumenscmee u  nianuposke meppumoputi. 2025;4(3):44-55.
https://doi.org/10.23947/2949-1835-2025-4-3-44-55

Introduction. New additions to the housing legislation regarding reconstruction and redevelopment of premises that
came into force on April 1, 2024, have not been comprehended by scholarly community: at least anyone with an interest
in the topic searching the Internet for relevant publications fails to get any satisfactory results. One explanation from the
Federal Registration Service (Rosreestr), a couple of reviews in the reference legal systems and a summary of the adopted
changes on the websites of regional prosecutors’ offices are probably the only available reading a year following the
introduction of the norms of interest.

The relevance of the topic is also due to the almost complete absence of the latest publications on state technological
inventory of the housing stock. However, it must be noted that this is for a reason as how is one supposed to write about
something that is no longer there? At the same time, the concept of "technological passport of a premises" is still to be
found more than once in the text of Chapter 4 of the Housing Code of the Russian Federation (hereinafter referred to as
the HC of the RF)?, and "accounting of the housing stock", "state accounting of housing stock" also including technolog-
ical inventory and certification are part of housing relations as a subject of housing legislation (Paragraph 5 of
Avrtice 4(1); Artice 9(5) of the HC of the RF).

The analysis of the new additions to the legal regulation regarding reconstruction and redevelopment is inseparable
from the study of the current state of the state inventory of the housing stock. This will allow us to arrive at conclusions
that will hopefully be instrumental to the law enforcement officer, but more so to the legislator, if, of course, they find it
necessary to make use of these.

Materials and Methods. The methods to be used are conventional for the humanities. Along with the basic general
scientific dialectical materialistic method, which involves the study of a phenomenon in its constant evolution, logical
methods will be extensively used in the research, i.e., a system of techniques that are a comprehensive objective reality
and explore its internal structural relationships: analysis and synthesis, induction and deduction. Such techniques as clas-
sification, generalization, analogy, and comparison play a major role in the system of applied logical methods (particularly
while considering the differences between redevelopment and reconstruction). The comparison method will help us to
identify the distinctive features of the legal regulation of relations on reconstruction and redevelopment before and after
the changes to the HC of the RF. Using the historical and legal method, the problems of state accounting of the housing
stock and the system of technological inventory will be examined.

In our case, the modeling method will be employed to design the most viable ways to resolve situations that are
frequent in practice and require simplification and removal of unnecessary legal restrictions. The study is structured as

1 Housing Code of the Russian Federation. Code of the Russian Federation Ne188-FZ from  29.12.2004.
URL: http://pravo.gov.ru/proxy/ips/?docbody=&nd=102090645 (accessed: 10.03.2025).
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follows: first, individual issues of redevelopment and then those pertaining to reconstruction are considered. The pro-
posals made in the course of the study in order to improve the institute of reconstruction and redevelopment are grouped
in the final part of the article as the conclusions.

Research Results. According to the Federal Law No. 608-FZ from 12/19/2023 "On Amendments to the Housing
Code of the Russian Federation and the Federal Law on State Registration of Real Estate? which came into force on
April 1, 2024 the concept of redevelopment has undergone significant changes.

In the previous edition of Article 25(2) of the HC of the RF, the redevelopment of a room was concisely defined as "a
change in its configuration requiring changes to the technological plan of a premise in an apartment building."

The current version of Article 25(2) of the HC of the RF has a lot to say on that, "Redevelopment of premises in an
apartment building is a change in the boundaries and (or) the area of such a premises and (or) the formation of new
premises, including in cases provided for in Article 40 of this Code, and (or) a change in its internal layout (including
with no changes to the boundaries and/or area of the premises). As a result of the redevelopment of the premises, the
boundaries and/or the area of adjacent premises might also be changed. Redevelopment entails the need to introduce
changes to the information of the Unified State Register of Real Estate on the boundaries and (or) the area of the premises
or to conduct state cadastral registration of the formed premises and state registration of the right to the formed premises."”
In turn, Article 40 of the HC of the RF mentioned in the definition discusses the unification of a few adjacent premises:
now this is a particular case of redevelopment.

Setting aside the question of how appropriate it is to define the redevelopment of a premises as a "change in its internal
layout" (through "buttery butter"), the following is to be noted:

1. The legislation has so far failed to eliminate a serious oversight from back in 2018, when such an object of housing
rights as an apartment building was unintentionally removed from the scope of the rules of the HC of the RF on redevel-
opment and reconstruction.

Itis to be remembered that Federal Law No. 558-FZ from December 27, 2018 "On Amendments to the Housing Code
of the Russian Federation in Terms of Regulating the Rules Governing the Reconstruction and (or) Redevelopment of
Premises in an Apartment Building"? replaced the words "residential premises™ with the words "premises in an apartment
building™ in the standards of Chapter 4 of the Housing Code of the Russian Federation. It was with a good purpose in
mind that it was done.

According to the explanatory note to the draft of this federal law (the number of the draft law on the website "Legis-
lative Support System" is 107661-7)%, the legislation sought to extend the rules on redevelopment and redevelopment to
non-residential premises in an apartment building, "There is currently a legislative gap in the legal regulation of the issue
of redevelopment of non-residential premises in apartment buildings that are not classified as a common property in these
houses leading to abuse by the owners of non-residential premises while arranging them. In some cases, supervisory
authorities cannot hold accountable owners of non-residential premises in apartment buildings who are engaged in illegal
redevelopment of their premises and take other measures to prevent these actions."

Editing of the words "residential premises” with the words "premises in an apartment building”, on the one hand,
equalized residential and non-residential premises in an apartment building, but, on the other hand, removed residential
buildings from the scope of the standards on redevelopment and reconstruction, which, being a type of objects of housing
rights, are residential premises as well!

The rules on redevelopment and reconstruction now do not formally apply to residential buildings. The extension of
the analogy of the law in this case is not acceptable, as these rules are of a public law nature and thus do not allow for
either an extended interpretation or their application to objects not explicitly specified in the law. A serious legal gap
emerged: today, even the transfer of an apartment building from stove heating to gas, which is certainly a reconstruction
and might be associated with redevelopment, is not in compliance with the standards of Chapter 4 of the HC of the RF!
There are lots of examples where owners of residential buildings are interested in reconstruction and redevelopment:

2 0n Amendments to the Housing Code of the Russian Federation and the Federal Law "On State Registration of Real Estate". Federal Law Ne 608-FZ
from 19.12.2023. URL.: https://www.consultant.ru/document/cons_doc_LAW_464790/ (accessed: 10.03.2025).

% On Amendments to the Housing Code of the Russian Federation Regarding Regulating the Rules Governing Reconstruction and (or) Redevelopment
of Premises in an Apartment Building. Federal Law from 27.12.2018 Ne558-FZ. URL: https://www.consultant.ru/docu-
ment/cons_doc LAW_314689/#dst100024 (accessed: 10.03.2025).

4 Draft Federal Law "On Amendments to the Housing Code of the Russian Federation Regarding Regulating the Rules Governing Reconstruction and
(or) Redevelopment of Premises in an Apartment Building" Ne107661-7. URL: https://sozd.duma.gov.ru/bill/107661-7 (accessed: 10.03.2025).
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changing the boundaries of premises in an apartment building; installing or eliminating window and door openings; in-
creasing the area of an apartment building; equipping the house with new types of landscaping, etc. If such actions were
always safe, it would be possible to agree with a voluntary appeal of the owner of the apartment building to the Federal
Register with a plea to change the characteristics of the object, but the lack of minimal control by the local authorities
coordinating the reconstruction and redevelopment might result in both harmless abuse by the owners and serious impli-
cations. In the meantime, the executive authorities are stating that there is a legal gap and the explanations provided are
vague. Hence in the letter from the Ministry of Economic Development of the Russian Federation from 04/22/2019. No.
0G-D23-3767 says, "Regarding reconstruction and (or) redevelopment of other premises — non-residential or residential,
but not located in an apartment building, there is no special regulation in the Urban Planning and Housing Codes»®.

In view of the above, it is proposed that the effect of Chapter 4 of the Housing Code of the Russian Federation is
extended not only to premises in apartment buildings, but also to residential houses.

2. "Redevelopment entails the need to introduce changes to the information of the Unified State Register of Real
Estate (hereinafter — USRRE) on the boundaries and (or) the area of the premises or to conduct state cadastral regis-
tration of the formed premises and state registration of the right to the formed premises" is stated in Article 25(2) of
the HC of the RF.

The literal interpretation of the above standard means that changes are subject to the USRRE only in the following
cases:

— changing the boundaries and/or area of the premises;

— designing new premises.

As the redevelopment of the premises is possible, including with no changes in the boundaries and (or) the area of the
premises, as explicitly stated in the first sentence of Article 25(2) of the HC of the RF, there is a question of the need to
introduce changes to the USRRE in the event that the redevelopment does not involve a change in such a significant
parameter for the USRRE as the area or boundaries.

For example, redevelopment might involve installing a doorway or arch in a curtain wall, dismantling doors in a pantry
in order to create a niche, etc. actions that do not cause a change in the area and boundaries of the premises. In this case,
it seems reasonable to consider the approval of the act of the acceptance commission as the moment of completion of the
redevelopment, as in the case of reconstruction, without forwarding the documents to the the Federal Registration Service
(Rosreestr).

Considering that the USRRE does not even reflect the number of rooms in the premises, it is fairly possible to look at
the option of completely removing from the norms on redevelopment any actions that have no impact on the supporting
structures and do not change the boundaries and area of the premises. At the same time, it is advisable to reflect in the
law a ban on changing the design configuration of ventilation ducts and chimneys, auxiliary rooms with gas equipment,
as well as the boundaries of bathrooms and toilets (except in the case of their combination or located on floors under
which there are no living quarters).

According to a private survey, albeit not a very representative one, at least 40% of citizens have had redevelopment
done at least once®. Approximately the same order of numbers is indicated by realtors analyzing their practice of real
estate turnover’.

It seems that with the suggested approach to redevelopment, the scope of redevelopment legislation will be narrowed
down to the following:

— changing the area of the premises when their boundaries change;

— forming new premises;

— using load-bearing structures.

This will relieve the financial and administrative burden on the owners of the premises® and the legislation as well as
facilitate the work of local governments and the Rosreestr.

° On the Documents Used to Prepare the Technological Plan of a Premises, an Object of Individual Housing Construction during Redevelopment
(Reconstruction) for State Cadastral Registration. A letter from the Ministry of Economic Development of the Russian Federation Ne OG-D23-3767
from 22.04.2019 https://base.garant.ru/400767521/ (accessed: 10.03.2025).

® New Rules for Redevelopment and Registration of Real Estate are to Come into Force on April 1: What is in Store for Tenants. URL:
https://vk.com/wall-24199209 20644244 (accessed: 11.03.2025).

" Almost half of Russia’s apartments have been redeveloped and remodeled. URL: https://sevastopol.su/news/pochti-polovina-kvartir-v-rossii-s-pere-
planirovkami-i-peredelkami (accessed: 11.03.2025).

8 More than 10% of Apartment Buyers in New Buildings Redevelop Right Away. URL: https://www.vedomosti.ru/realty/articles/2019/05/20/801931-
novostroikah-pereplanirovku (accessed: 11.03.2025).
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3. One of the problems of modern legislation is the insufficiently clear distinction between the concepts of "redevel-
opment" and "reconstruction”.

The definition of reconstruction is contained in Paragraph 14 of Article 1 of the Urban Planning Code of the Russian
Federation, "Reconstruction of capital construction premises is a change in the parameters of a capital construction prem-
ises, its parts (height, number of floors, area, volume), including superstructure, reconstruction, expansion of a capital
construction premises, as well as replacement and (or) restoration of load-bearing building structures of a capital con-
struction premises, except replacement of individual elements of such structures for similar or other elements that improve
the performance of such structures and (or) restoration of these element"®.

It is plain to see that the concept of reconstruction partially overlaps with that of redevelopment provided in the HC
of the RF. For example, reconstruction involves changing the parameters of both the entire capital construction premises
and its parts which are the premises in an apartment building. The parameters that can be changed during the reconstruc-
tion of a part of the building include, among others, the area and volume. The problems of distinguishing between these
concepts are commonly tackled in the literature [1-3].

Based on a formal and logical comparison of the scope of the concepts of "reconstruction” and "redevelopment”, it
becomes clear that redevelopment encompasses reconstruction, but is not limited to it, the scopes of these concepts over-
lap to an extent.

In which case can the actions of the owner be qualified as redevelopment, and in which ones as reconstruction?

Of great interest is therefore the Review of legal practices on disputes related to reconstruction and redevelopment of
premises in an apartment building approved by the Presidium of the Supreme Court of the Russian Federation on
12/13/2023% (hereinafter — Review).

The reconstruction in the Review includes, in particular, the following:

— designing of an extension to the apartment on the ground floor;

— designing a separate entrance by destroying some of the exterior wall of the house;

— combining a few apartments into one;

— divided an apartment into two separate ones;

— converting the terrace of the technical floor into a premises.

It is known that the Review was adopted a year before the change in the norms of the HC of the RF. This further
accentuates the urgency of searching for a new approach to the differentiation of the concepts of "reconstruction™ and
"redevelopment”. It seems correct to suggest the following.

As the concept of reconstruction contained in the Urban Planning Code of the Russian Federation excludes from its
scope the replacement of individual elements of load-bearing structures with similar or other elements to improve the
performance of such structures and (or) the restoration of these elements, individual operations with load-bearing struc-
tures that do not impact their full scope are not formally deemed as reconstruction.

Hence considering the current wording of Article 25 of the HC of the Russian Federation, e.g., it would be wrong to
qualify the opening in the load-bearing wall of an apartment building as reconstruction rather than redevelopment.

In its Review, the Supreme Court of the Russian Federation is unequivocally in favour of applying the legal regime
of reconstruction to any actions involving the supporting structures of an apartment building. Hence the installation of a
doorway in a load-bearing wall for a separate entrance to a non-residential building, transferred from a residential one,
entails, in the view of the court, the recognition of such actions as reconstruction and the need to obtain a building permit
in compliance with Article 51 of the Urban Planning Code of the Russian Federation, as Paragraph 4 of Article 17 of this
article excludes the need to obtain a construction permit only if changes to capital construction premises or their parts do
not impact the structural and other characteristics of their reliability and safety. This is how the court argues its position
(Paragraph 4 of the Review), "Due to the fact that the construction of a separate entrance to a premises is associated with
the destruction of part of the wall of an apartment building and might impact the structural and other characteristics of
reliability and safety of the house, such work is deemed possible by means of major repairs or reconstruction of an apart-
ment building, the production of which is regulated by legislation on urban planning, including pertaining to architectural

® Urban Planning Code of the Russian Federation. Code of the Russian Federation No. 190-FZ from 29.12. 2004. URL. https://www.consultant.ru/doc-
ument/cons_doc LAW_51040/ (accessed: 11.03.2025).

10 Review of Legal Practices on Disputes Related to Reconstruction and Redevelopment of Premises in an Apartment Building. Presidium of the Supreme
Court of the Russian Federation from 12/13/2023. URL: https://www.vsrf.ru/documents/all/33237/ (accessed: 11.03.2025).
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and construction design, state expert evaluation of project documentation, issuing permits for the construction and com-
missioning of the premises."

In this case the owner of the premises received an approval from the local governments for redevelopment in compli-
ance with Chapter 4 of the HC of the RF, but the Supreme Court of the Russian Federation considered that the approval
of the project was not acceptable. That was despite the fact that both the approval of redevelopment and construction
permits are issued by the same local governments and, which is quite likely, by the same officials!

According to the logic of the court, any interference with load-bearing structures in the course of redevelopment is
not acceptable and is subject to regulation by reconstruction standards with all the implications, which largely restrains
the scope of redevelopment standards and practically paralyzes it (development of the project documentation — expert
evaluation — construction permit — all the owners’ consent — reconstruction - commissioning permit into operation).

In order to optimize the procedures, tackle the administrative barriers and unnecessary restrictions of the rights of the
owners of premises, it is suggested that only such a change in the internal parameters of a premises in an apartment
building should be attributed to reconstruction accompanied by one in the external parameters of this house (extension,
superstructure, etc.). We therefore agree with Paragraph 3 of the above Review examining the case when a person erected
an extension to an apartment belonging to them located in an apartment building by means of a common capital wall, as
well as by installing a doorway by dismantling part of the outer wall of this house below their apartment window. We
assume that the court was right to point out that “such actions changed not only the internal parameters (configuration) of
the dwelling, but also the expansion of the entire capital construction premises — an apartment building (particularly, its
area increased)." A similar situation is described in Paragraph 8 of the Review on the addition by the owner of a part of
the technical floor and the completion of another one, which also resulted in some changes in the parameters of the entire
apartment building and should certainly be classed as reconstruction.

We believe that due to the change in the legal regulation of redevelopment, a lot of positions of the Supreme Court of
the Russian Federation expressed in the Review will obviously be adjusted.

In order to regulate the legislation, it is suggested that references to the reconstruction of premises and common prop-
erty are completely excluded from the HC of the RF and the concept of "reconstruction™ is applied only to an apartment
building as a whole.

It is thus suggested that Article 36(3) of the HC of the RF is rephrased as follows:

"3. Reducing the area of the premises that are part of the common property in an apartment building is possible only
with the all the owners’ consent by means of reconstructing it."

The suggested revision to the standard in practice is long overdue. Firstly, it will exclude the application of urban
planning legislation to redevelopment, and secondly, it will make it no longer necessary to obtain 100% consent of the
owners in the case of any, even minor, reduction in the size of the common property (which in law enforcement practice
is regarded differently — volume, quantity, area): replacement of a half-meter section of the pipeline, two bricks on the
parapet, etc.

Part 2 of Article 40 of the HC of the RF should be rephrased as follows:

"2. If the reconstruction, reconstruction and (or) redevelopment of a premises is not possible without attaching some
of the area that is part of the common property in an apartment building, the all the owners’ consent in an apartment
building must be obtained for such reconstruction, reconstruction and (or) redevelopment of a premises".

The land plot in the suggested version of the standard is intentionally omitted, since if the redevelopment "breaks
through™ beyond the boundaries of the existing contour of an apartment building, it will inevitably be classed as recon-
struction. If necessary, issues of land use can be resolved by interested parties at the owners’ general meeting, which does
not require a unanimous decision (Paragraph 2, Article 44(2) of the HC of the RF — land use restrictions).

4. There is no longer a requirement to amend a technological plan of a premises in an apartment building in the
concept of redevelopment. This is one of the novelties that needs to be reflected on.

As was seen above, the concept of "a technological passport of a premises” is repeatedly found in Chapter 4 of the
HC of the RF, and "accounting of the housing stock", "state accounting of the housing stock”, including technological
inventory and certification, are part of housing relations as a subject of the housing legislation (Paragraph 5, Article 4(1),
Acrticle 9(5) of the HC of the RF).
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In Paragraph 4, Article 26(2) of the HC of the RF a technological passport of a reconstructed and (or) redeveloped
premises in an apartment building is indicated as a document submitted to the local government body for reconstruction
(redevelopment) approval.

According to Article 25(1) of the HC of the RF, reconstruction of a premises in an apartment building is installation,
replacement or transfer of engineering networks, sanitary, electrical or other equipment requiring changes to a technolog-
ical passport of a premises in an apartment building. Hence a technological passport is still mentioned as part of the
reconstruction concept.

What is a technological passport, what is its legal status and significance for the reconstruction and redevelopment
relationship? Let us try to answer these questions in this section of the study.

In compliance with Paragraphs 3, 4 of the Standard on State Accounting of the Housing Stock in the Russian Federa-
tion approved by a Decree of the Government of the Russian Federation from 10/13/1997 No. 1301, state accounting of
the housing stock in the Russian Federation includes technological inventory, official statistical accounting and account-
ing inventory %,

The foundation of the state accounting of the housing stock is technological inventory conducted in compliance with
the regulatory legal acts in the field of state technological accounting and technological inventory of capital construction
premises.

Specialized state and municipal organizations are tasked with technological inventory of the housing stock — unitary
enterprises, services, departments, centers, bureaus (hereinafter — BTI). The second major document in the field of tech-
nological inventory is the Instruction on Housing Stock Accounting in the Russian Federation (approved by a Decree of
the Ministry of Land Policy, Construction, Housing and Utilities (Minzemstroy) of the Russian Federation from
08/04/1998 Ne 37)*. It contains the procedure for conducting technological inventory, designing technological passports,
and requirements for their content.

The legislation does not contain a legal definition of a technical passport, however, from the analysis of regulatory
material, it can be concluded that a technological passport is a document with the results of a technological inventory.

The Instruction indicated provide the forms of technological passports of a household, building and residential prem-
ises, respectively, in its appendices 11, 12, 13.

At first glance, there do not seem to be any problems with the legal foundation for issuing technological passports,
execpt a subtle yet significant nuance: in compliance with Article 47(8) of the Federal Law "On Cadastral Activity"
(formerly known as "On the State Cadastre of Real Estate"), regulatory legal acts in the field of state technological ac-
counting and technological inventory of capital construction premises are valid only until January 1, 20133,

This decision of the legislator has been known since 2009 when this standard first appeared in the text of the law.
Apparently, a temporary backlash was planned in advance in order to reform state technological accounting. However,
those 3 years were unproductive. Moreover, even today we can safely declare there is no system of state technical
accounting of housing stock in place whatsoever, which occasionally becomes a subject of discussion in high offices.
For example, a round table held on October 31, 2023 in the Federation Council of the Federal Assembly of the Russian
Federation, with a title that speaks for itself, "On the Formation of a System of Technical Inventory of the Housing
Stock: Problems and Solutions," stated there was no system of technological inventory of the housing stock in place4.
The recommendations of the round table contain a reference to the list of measures to design a system of technological
inventory of the housing stock developed by the Ministry of Construction of the Russian Federation for up to 2029.
Given the common bureaucratic practices, concrete decisions in the field of technological inventory are unlikely to be
made earlier than this.

Is there currently a legal foundation for technological passports which are mentioned in the HC of the RF time and
time again?

11 On State Accounting of the Housing Stock in the Russian Federation. Decree of the Government of the Russian Federation Ne 1301 from 13.10.1997.
URL: https://docs.cntd.ru/document/9049996?ysclid=m7eoybt1ia410823836 (accessed: 11.03.2025).

12.0n the approval of the Instructions on Accounting of the Housing Stock in the Russian Federation. Decree of the Ministry of Land Policy, Construc-
tion, Housing and Utilities (Minzemstroy) of the Russian Federation Ne 37 from 04.08.1998. URL.: https://docs.cntd.ru/document/901739482 (accessed:
11.03.2025).

3 0n Cadastral Activity. Federal Law Ne 221-FZ from 24.07.2007. URL: https://www.consultant.ru/docu-
ment/cons_doc_LAW_70088/?ysclid=m8a3m2i7tm262917606 (accessed: 11.03.2025).

14 Recommendations of a Round Table "On the Formation of a System of Technological Inventory of the Housing Stock: Problems and Solutions.”
Approved at a meeting of the Federation Council Committee on Federal Structure, Regional Policy, Local Self-Government and Northern Affairs
(protocol Ne 320 from 20.11.2023.). URL: http://council.gov.ru/activity/activities/roundtables/150380/ (accessed: 12.03.2025).
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This question should perhaps be answered in the negative. The standard of Article 47(8) of the Federal Law "On
Cadastral Activity" on the termination of the application of regulatory legal acts in the field of state technological ac-
counting and technological inventory of capital construction premises has been valid since January 1, 2013.

Despite the fact there is no direct repeal of the Regulation on State Accounting of the Housing Stock in the Russian
Federation approved by a Decree of the Government of the Russian Federation from 13.10.1997 No. 1301, and the In-
structions on Accounting of the housing stock in the Russian Federation (approved by a Decree of the Ministry of Land
Policy, Construction, Housing and Utilities (Minzemstroy) of the Russian Federation from 04.08.1998 No. 37), these acts
should undoubtedly be considered invalid.

According to a recent letter from the Ministry of Construction of the Russian Federation from 08/20/2024
No. 47894-AF/04, our assumption is substantiated, "... the BT authorities have lost the function of state technological
accounting and (or) technological inventory... Therefore as of January 1, 2013 Decree No. 1301 has not been used for
state cadastral registration of real estate objects, technological inventory and technological passports of such real estate
objects are not provided for by current legislation.*“*®, The literature has time and time again emphasized the importance
of resuming the work of a comprehensive mechanism of state technological accounting and technological inventory [4, 5].

Nevertheless, up to present the former state and municipal enterprises of technicological inventory reorganized from
2025 into privately owned organizations have been using the above regulations. The conclusion that regulations in the
field of state technological accounting are in force is found in the educational literature and some publications [6, 7].

It can be understood where practitioners from the BT system who survived the scrapping of the technological inven-
tory system are coming from: technological passports are still in demand, and in the regulatory sense, the performers
simply have nothing to hold onto. This is not the case, however, for theorists who are "reviving" dead documents [8].

In this case, an analogy with the Civil Code of the Russian Federation springs to mind, which still contains rules on
mandatory state registration of real estate transactions repealed on March 1, 2013 by Federal Law No. 302-FZ from
30/12/2012 "On Amendments to Chapters 1, 2, 3 and 4 of Part 1 of the Civil Code of the Russian Federation"6. Section
3 of Article 574 of the Civil Code of the Russian Federation, which for more than 10 years contained an invalid standard
on state registration of an agreement on donation of property, was edited only in the late 2024, and it was only due to the
need to establish notarization of such transactions?’.

There is currently no existing regulatory act in the field of state technological accounting of the housing stock and
technological inventory. It should be noted, though that the legislator chose what was by no means the best decision from
the view of legal technology to repeal such regulations.

In the light of the latest developments in the housing legislation based on the results of the redevelopment, it is no
longer necessary to introduce changes to a technological passport of a premises. Instead, a new technical plan is designed
and submitted to the Federal Registration Service (Rosreestr) [9].

It should be remembered that in compliance with Article 24(1) of Federal Law No. 218-FZ from July 13, 2015 "On
State Registration of Real Estate”, a technological plan is a document that reproduces specific information entered into
the Unified State Register of Real Estate and provides information about a building, structure, premises, parking space,
an unfinished object or a single immovable complex required for the state cadastral registration of such a real estate object.

Therefore a technological plan is a document of the state cadastral registration that in its role and structure does not
replicate a technological passport.

It makes sense to design it during redevelopment only when the characteristics of a premises change and are essential
from the view of state cadastral registration. It was thus previously suggested that any actions are deemed as redevelop-
ment that do not impact the supporting structures and do not change the boundaries and area of a premises.

The conclusion will be made straight away based on the analysis of the basic and additional information about the real
estate object provided in the real estate cadastre (Article 8 of the Federal Law "On State Registration of Real Estate™), as

15 On Specifications of the Standards of the Legislation Regulating State Accounting of the Housing Stock in the Russian Federation. Letter from the
Ministry of Construction of the Russian Federation Ne 47894-AF/04 from 20.08.2024. URL: https://rulaws.ru/acts/Pismo-Minstroya-Rossii-ot-

20.08.2024-N-47894-AF_04/ (accessed: 12.03.2025).

16 On Amendments to Chapters 1, 2, 3 and 4 of Section 1 of the Civil Code of the Russian Federation. Federal Law Ne 302-FZ from 30.12.2012. URL:
https://base.garant.ru/70291432/ (accessed: 12.03.2025).

7 On Amendments to Article 574 of Section 2 of the Civil Code of the Russian Federation. Federal Law Ne 459-FZ from 13.12.2024.
URL:https://ivo.garant.ru/#/document/411108286/paragraph/1/doclist/3634/2/0/0/rpasknancknii%20xonexc%20ph%20uacts%202:4 (accessed:
12.03.2025).

Urban planning, planning of rural settlements

51


https://rulaws.ru/acts/Pismo-Minstroya-Rossii-ot-20.08.2024-N-47894-AF_04/
https://rulaws.ru/acts/Pismo-Minstroya-Rossii-ot-20.08.2024-N-47894-AF_04/
https://base.garant.ru/70291432/
https://ivo.garant.ru/#/document/411108286/paragraph/1/doclist/3634/2/0/0/гражданский кодекс рф часть 2:4

https://www.stsg-donstu.ru

52

Modern Trends in Construction, Urban and Territorial Planning. 2025;4(3):44-55. eISSN 2949-1835

well as the Requirements for preparing a technological plan (Rosreestr decree No. P/0082 from 03/15/202218), Require-
ments for identifying the area of a building, structure, premises, parking space (Rosreestr decree from 10/23/2020
No. P/0393°): regarding redevelopment, a technological plan is only concerned with the area of the premises, the location
of window and door openings along the outer perimeter of the walls, as well as the internal walls (partitions), and that of
the premises.

The remaining characteristics of the premises changed during the redevelopment make no difference to the real estate
cadastre and technological plan.

In general, such a simplified approach should be considered fairly useful.

The role of a technological passport considering the reform of legislation on redevelopment is reduced to a document
provided to local governments at the stage of submitting an application for approval of redevelopment and is informative
in its nature. After all, local governments will have nothing to compare the current and design condition of the premises
with unless there is a technological passport.

However, considering that there has been no regulatory framework for designing technological passports since 2013,
as well as liberal requirements for the content of the technological plan, it is suggested that Paragraphs 4, and Paragraph
2, Article 26(2) of the HC of the RF (list of documents provided by the applicant for reconstruction) are rephrased as
follows, "a technological plan of the reconstructed and (or) redeveloped premises in an apartment building”. If imple-
mented, the proposal will make it possible to make use of both technological passports designed before 01/01/2013 and
modern technological plans while submitting an application.

So far, the standards of the legislation on redevelopment have been our focus. Let us now move on to reconstruction.

Legal regulation of reconstruction has experienced no changes. As before, reconstruction refers to installation, re-
placement, or transfer of engineering networks, sanitary, electrical, or other equipment that require changes to a techno-
logical plan of a premises in an apartment building (Article 25(1) of the HC of the RF).

The above pretty much applies to reconstruction, but the specifics of this institution are to be considered. Here, a
technological passport appears both on the list of documents sent by the applicant for approval, and as a document to be
modified based on the results of the reconstruction.

It should be noted that the standards of Chapter 4 of the HC of the RF are formulated so that making changes to a
technological passport based on the results of the reconstruction is not tracked in any way. In compliance with Article 28(3)
of the HC of the RF, reconstruction of a premises in an apartment building is considered completed from the date of approval
of the act of the acceptance commission. At the same time, the law does not require the applicant to submit to the acceptance
commission an updated technological plan indicating the results of the reconstruction, which we think should be addressed.

While discussing reconstruction, we are again compelled to refer to a technological passport as a "living" document.

Based on the definition of the concept of reconstruction, it requires changes to a technological plan. In order to make
sense of the essence of reconstruction, it has to be investigated what changes should be reflected in a technological plan.
This, in turn, suggests an answer to what a technological plan typically contains. After all, it is only after learning about
it that we will be able to grasp the reconstruction impact.

To this end, let us turn to the Instructions on the housing stock accounting in the Russian Federation (Decree of the
Ministry of Land Policy, Construction, Housing and Utilities (Minzemstroy) from 08/04/1998, No. 37) as it is the only
solution there is.

Hence, for example, according to Paragraph 3.16 of the specified Instructions, the following is to be found on the floor plan:

— stoves, kitchen fireplaces;

— pits, loading hatches, manholes of basements and basement floors;

— heating boilers, etc.;

— sanitary and fire-fighting equipment (water taps, sinks, bathtubs, toilets, gas and electric stoves, etc.).

Pipelines for cold and hot water, sewerage, heating, gas, etc., as well as central heating radiators are not shown on the
floor plans.

18 On the Form of a Technological Plan, Requirements for Preparing it and the Information Contained. Rosreestr decree Ne P/0082 from 15.03.2022.
URL: https://www.garant.ru/products/ipo/prime/doc/403720102/ (accessed: 13.03.2025).

9 On the Approval of the Requirements for Accuracy and Methods for Identifying the Coordinates of the Characteristic Points of the Boundaries of a
Land Plot, Requirements for Accuracy and Methods for Identifying the Coordinates of the Characteristic Points of the Contour of a Building, Structure
or an Object under Construction on a Land Plot, as well as the Requirements for Identifying the Area of a Building, Structure, Premises, Parking Space.
Rosreestr decree Ne P/0393 from 23.10.2020. URL: https://base.garant.ru/74912016/f7ee959fd36b5699076b35abf4f52c5¢/ (accessed: 13.03.2025).



https://www.garant.ru/products/ipo/prime/doc/403720102/
https://base.garant.ru/74912016/f7ee959fd36b5699076b35abf4f52c5c/

Bylkov VV Legal Problems of Reconstruction and Redevelopment of Premises

According to Paragraph 3.19 of the specified Instruction, "the floor plans are to indicate heating appliances, ventilation
appliances, ventilation ducts (unless they are made in the wall), bathtubs, toilets, sinks, washbasins, etc."

As heating devices are mentioned in Paragraph 3.19 of the Instructions, it is not entirely clear which devices these are,
as Paragraph 3.16 states that radiators are not shown. Apparently, these are boilers, columns, etc. devices, as technological
plans have always been designed with no locations of radiators, etc. heating devices included as understood in the classical
meaning of GOST 31311-2022 "Heating Devices"?° .

The next group of information to be indicated in a technological plan is found in the Parameters of the technological
description of the main structural elements of a building (Appendix 2 of the specified Instructions), as well as in the forms
of a technological plan (Appendices 11, 12, 13 of the specified Instructions). Using the legal concept of reconstruction,
we selected information from them about those objects with which operations such as "installation, replacement or transfer
of engineering networks, sanitary, electrical or other equipment” can be performed:

— heating stoves and kitchen fireplaces — area of tile cladding, plaster, a type of hearth (gas, electric, solid fuel);

— heating is the source of heat supply: a thermal power plant; an industrial boiler house; a quarterly, group or local
boiler house; a water-heating gas device; an individual boiler or a boiler mounted in a heating furnace;

— electric lighting — open or hidden wiring;

— gas supply — mains (natural) or bottled gas;

— water supply — from the city's central network or a local source;

— sewerage — discharge into the city network or a local sump;

— bathtubs — cast iron, steel, plastic, etc.;

— hot water supply is centralized or provided with local water heaters.

This is perhaps an almost complete list of what might be impacted during reconstruction and there is thus the need to
introduce changes to a technological plan.

As can be seen, even the transfer of radiators and other types of heating devices, as well as of pipelines of engineering
systems, in the strict sense, does not apply to reconstruction, if its legal definition is to be literally interpreted.

It is rightly noted in the literature that "in the HC of the RF there is no sufficient information on the types of work
pertaining to reconstruction and redevelopment, which, in turn, makes these categories evaluational and results in addi-
tional difficulties for law enforcement™ [10].

The above indicates that there are problems with formally qualifying individual actions as reconstruction, and in con-
ditions of paralysis of the regulatory framework for technological inventory, it is directly impossible for certain works to
be classified as reconstruction.

The following are suggested as a solution:

1. Defining in Chapter 4 of the HC of the RF the concept of remodeling premises in an apartment building and an
apartment building as "installation, replacement or transfer of engineering networks, sanitary, electrical or other equip-
ment defined by a regulatory legal act of the federal executive authority responsible for developing and implementing
state policies and regulation in the field of housing and communal services", eliminating the need to introduce changes to
a technological plan.

2. We consider it necessary to identify a list of reconstruction cases at the federal level in order to design a uniform
approach to solving reconstruction problems nationwide. The experience of the regulation of the relations of reconstruc-
tion in the city of Moscow can be taken as an example, which, albeit controversial, can be generally deemed positive.
Therefore in the decree of the Government of Moscow from 25.10.2011 No. 508-PP "On Organizing Reconstruction and
(or) Redevelopment of a Premises in Apartment Buildings"?' an attempt was made to summarize the experience of re-
construction and provide a list of cases that fall under the concept at hand.

3. Considering the approval of the act of the acceptance commission as the moment of completion of the reconstruc-
tion, however, obliging local governments to send the act and the draft of the reconstruction to Rosreestr for marking in
the USRRE about the reconstruction, for which it is necessary to make appropriate amendments to the Federal Law "On
State Registration of Real Estate™ and departmental acts of the Rosreestr.

2 GOST 31311-2022 ,, Heating Devices . URL.: https://gostassistent.ru/doc/8515d4f8-chd3-412a-96f9-bbc8ebb180fe (accessed: 14.03.2025).
2 On Organizing Reconstruction and (or) Redevelopment of Premises in Apartment Buildings. Decree of the Government of Moscow Ne 508-PP from
25.10.2011 URL: https://docs.cntd.ru/document/537907820?marker=7D20K3 (accessed: 13.03.2025).
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Discussion and Conclusion. Summing up the results of the study, it is noted that the use of the categories "recon-
struction™ and "redevelopment” is complicated by the lack of a system of state technological accounting and technological
inventory of the housing stock, and a number of practical solutions necessary for adoption before the restoration of this
system have been thus suggested. In addition, we suggest the following:

1. Extending the effect of Chapter 4 of the HC of the RF not only to premises in apartment buildings, but also to
residential houses.

2. Considering completely removing from the legal regulation of redevelopment relations any actions that do not
impact the supporting structures and do not change the boundaries and area of the premises.

3. Defining as reconstruction only such a change in the internal parameters of a premises in an apartment building
accompanied by a simultaneous change in the external parameters of this house (extension, superstructure, etc.). Applying
the concept of reconstruction only in relation to an overall apartment building.

4. In the legal regulation of reconstruction, it is suggested that a technological passport is no longer used and a list of
cases falling under the concept of "reconstruction™ is identified at the federal level.
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Abstract

Introduction. Modern computer-aided design (CAD) systems make use of digital information models (DIM) depending
on the aims of a project. According to the Decree of the Government of the Russian Federation No. 614, Section 7,
Subsection D, the use of information modeling technologies (IMT) does not always imply designing a DIM. However,
making sure DIM attribute data are in compliance with a customer’s requirements or those of expert evaluation remains
time-consuming and prone to technical errors. The relevance of the study is due to the need automated DIM parameter
matching based on the technical specification requirements, which would reduce time costs and improve the quality of
uploading the model. The study looks into the problem of the lack of tools for automated parameter matching based on
machine-readable requirements. The aim of the study is to develop an application providing programmatic comparison
of CIM attribute data in compliance with the technical specification requirements.

Materials and Methods. The software solution is being developed for a range of CAD systems, such as Renga Profes-
sional, CADLIb "Model and Archive", Autodesk Revit. The article examines methods for generating parameter matching
files specifically for Renga Professional. Throughout the study the following software was used: Renga Professional,
Visual Studio Code, BimVision. In order to develop the application and algorithms, the Python programming language
was used with the following libraries: PyQt6, openpyxI, et_xmlfile.

Research Results. A software solution has been developed that enables one to automatically match the DIM attribute data
with the specified ones based on machine-readable requirements. The application provides the conversion of machine-
readable requirements into a machine-readable DIM attribute data mapping file. Testing has shown a reduction in the
time required to create parameter matching files in comparison with manual file generation. The resulting tool has the
flexibility of implementation allowing one to upload existing requirements, as well as create one’s own and use them
while uploading a model.

Discussion and Conclusion. From a practical standpoint the resulting application is highly significant for an investment
and construction project, where, while designing a DIM in compliance with the current regulations, it is necessary to
make use of an open standard for the data presentation format - Industry Foundation Classes (IFC). The application allows
one to minimize routine operations while designing a DIM from a proprietary format into the IFC format. The research
is promising as its future directions include expanding the functionality to be able to work with additional data formats
and integration with other BIM platforms. The research results contribute to the development of methods for automated
processing of DIM requirements.

Keywords: automated mapping, mapping, parameter matching, Python, machine-readable requirements, IFC, IDS
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AHHOTaLUA

Beeoenue. CoBpeMeHHBIE CHCTEMBI aBTOMaTn3upoBanHoro npoektupoBanus (CAIIP) ucnons3yror mudpoBeie nHPOP-
MarronHbeie Mosienu (LI1IM) B 3aBucuMocT oT 3anad npoekrta. CornacHo [Tocranosnenuto [IpaBurensctBa Poccmiickoit
Oeneparn Ne 614 4. 7 . JI. npuMeHeHue TexHoxoruii nHpopMarronHoro moaenuposanus (TYIM) e Bcerna moapasy-
MeBaeT ¢opmupoBanue LIIIM. OgHako mporecc COOTBETCTBHA aTpHOyTUBHBIX AaHHBIX LM TpeOoBanmsAIM 3aKa3dunka
WJIN 3KCIIEPTH3bI OCTAETCSI TPYAOEMKHM H ITOJIBEP)KEHHBIM TEXHUYECKUM OIIMOKaM. AKTYaJIbHOCTh UCCIIEAOBaHUs 00Y-
CJIOBIICHA HEOOXOJMMOCTBIO aBTOMATH3AIIMH CONOCTaBJIeHHs TapameTpoB B LIIM ¢ TpeOoBaHUSIMHU TEXHHYECKOTO 3a/1a-
HUSI, 4TO TIO3BOJIUT COKPAaTHTh BPEMEHHBIEC 3aTPaThl U MOBBICUTH KaUeCTBO BBITPY3KH Mojenu. MccnenoBanue 3aTparu-
BaeT NpobJeMy OTCYTCTBUS HHCTPYMEHTOB JUI aBTOMAaTU3UPOBAHHOI'O COMIOCTABJICHHUS TapaMeTPOB Ha OCHOBE MaIlIMHO-
yuTaeMbiX TpeboBanuii. L{ens paboTel — pa3zpaboTKa NPHIOKEHHs, 00ECIeYHBAIOIIEr0 IPOrPaMMHOE COMOCTABIICHUE
aTpuOyTHBHBIX MaHHBIX LI1IM cormacHo TpeOoBaHMI TEXHHYECKOTO 3a/1aHHS.

Mamepuanst u memoowt. IIporpammHOe pemieHue paspabdaTeiBaeTcs il pasHooOpasHeix CAIIP cuctem, Taknmx Kak
Renga Professional, CADLib «Monens u Apxus», Autodesk Revit. B ctatee OyayT paccMoTpeHbl MeTo bl hOpMHUPOBa-
HUA (allioB CONOCTaBICHUS apaMeTpoB HMeHHO i Renga Professional. B mpouecce BbimonHeHus: paboThl OBUIO HC-
MOJIb30BaHO clieayromiee nporpammuoe obecneuerue (I10): Renga Professional, Visual Studio Code, BimVision. s
pa3paboTKU TPHIOKCHHUS U AlTOPUTMOB MPUMEHSIICS SI3BIK MporpammupoBanust Python co crenyromumu 6ubnnore-
kamu: PyQt6, openpyxl, et_xmilfile.

Pesynvmamut uccnedosanusn. PazpaboraHo nporpaMMHOE pelieHUe, MO3BOJISIONICE aBTOMATHUECKH COTIOCTABIISATh aT-
pubyTuBHbIe qanHbie [[UIM c 3a7aHHBIMU Ha OCHOBE MAITHHOYMTACMbIX TpeOoBaHuid. [IpunokeHne odecneynBact mpe-
o0pa3zoBaHie MaIMHOYUTAEMBIX TPEOOBaHHI B MAIIMHOYUTAEMBbIH (haiil conocTaBieHus aTpuOyTHBHBIX HaHHBIX L[1IM.
TecTupoBaHue MOKa3aJI0 COKpAIIEHHE BPEMEHHN CO3/1aHus (hailJIoB COMTOCTABICHHUS TAPAMETPOB 10 CPABHEHHUIO C PYIHBIM
¢dopmupoBanueM Qaiinos. PazpaboTaHHBIH HHCTPYMEHT 00JagaeT THOKOCTHIO BHEIPEHUS U MO3BOJIIET KaK 3arpy3uTh
CYIIECTBYIOIME TPEOOBAHMS, TaK M CO3/1aTh COOCTBEHHBIE U MCIOIB30BaTh MX IPH BBITPY3KE MOJIEIH.

Oécyacoenue u 3akniouenue. PeannzoBanHoe NpuiioskeHne 001a1aeT BEICOKOH MPAaKTHYECKOH 3HAaYMMOCTBIO JUIsl HHBE-
CTHILMOHHO-CTPOUTEIBHOTO MPOEKTA, re npu Gopmuposannu LM B cooTBeTCTBIM C AEHCTBYIONIMMH HOPMAaTHBHBIMHU
aKTaMH HeO0OXOMMO HCIIONBb30BaTh OTKPBITHIN cTaHaapT s popmata npeacrasieHus nanasix — Industry Foundation
Classes (IFC). ITpuioskeHue MO3BOISIET MUHUMU3UPOBATh PYTUHHBIE omepariu npu Gopmuposannu LIUM u3 npomnpre-
tapHoro ¢opmara B dopmar IFC. TlepcnekTrBbl UCCiIeIOBaHUS BKIIIOYAIOT paciiupeHne (yHKIHOHAIa Al paboThI ¢
JIOTIONTHUTEIBHBIMH (popMaTaMM JaHHBIX M MHTETpanuio ¢ Apyrumu BIM-mmatgopmamu. PesynbraTsl paboTel BHOCST
BKJIaJl B Pa3BUTHE METOJJ0B ABTOMAaTHU3UPOBAHHOM 00paboTku TpeboBanuii k LI1IM.

KaioueBble c10Ba: aBTOMAaTH3MPOBAHHOE COMOCTABIICHUE, MAIMPOBAHUE, COMOCTABICHUE MmapameTpoB, Python, marmm-
HounTaeMmsble TpedoBanus, IFC, IDS

Jas murupoBanus. CeiconoB H.C., Umup 10.3., o A.B. Co3nanune HHCTpyMEHTa AJIs MpeoOpa3oBaHus H(POBHIX
TpeOOoBaHU PH BRITPY3Ke NU(POBEIX HHGOpMaMOHHBIX Moneneit B popmare |FC. Cospemennvie menoenyuu ¢ cmpo-
umenvcmae, epadocmpoumenvcmee u nianuposke meppumoputi. 2025;4(3):56-64. https://doi.org/10.23947/2949-1835-
2025-4-3-56-64

Introduction. Modern computer-aided design systems (CAD) [1] have a key role to play in designing and maintaining
a digital information model (DIM) [2] at the stages of the life cycle of a construction object [3]. The development of a
range of automation and optimization methods helps to reduce the time spent on routine operations, improve the quality
of a project and mitigate the human error factor. The relevance of the research is due to the growing complexity of projects
calling for a high implementation quality, as well as the need for all DIM components to be in compliance with the
regulatory standards, technical specifications and expert evaluation requirements.

The scientific obstacle lies in the lack of automated parameter matching solutions in DIM in the process of unloading.
A range of CAD systems, such as Autodesk Revit, Renga Professional, Model Studio "Building Solutions", etc., only
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provide methods for manually configuring parameter matching rules, which impacts time and thereby financial costs. In
CAD systems produced by CSoft, there are simplified methods for matching parameters based on a table of all existing
model attribute parameters, but the necessary ones have yet to be selected manually. There are no ready-made solutions
available for automating the conversion of machine-readable requirements into machine-readable files for matching at-
tribute data in DIM.

The aim of the study is to create a ready-made product for parameter automation based on machine-readable require-
ments provided by the customer or expert evaluation in the technical specification. To this end, the following problems
are to be solved:

1. Analysis of the structure of machine-readable DIM requirements.

2. Development of algorithms for data collection from machine-readable requirements.

3. Development of algorithms for generating parameter matching files for diverse CAD systems.

4. Testing algorithms for the correctness of data collection and file generation.

The novelty of the research lies in creating algorithms for processing machine-readable requirements for DIM fol-
lowed by formation of attribute data matching files based on the collected information for both domestic and foreign
software in a single software solution.

Materials and Methods. The object of the study was digital information models formed at the stage of the life cycle
of a building "Design" (Table 1) in compliance with Decree of the Government of the Russian Federation of 05/17/2024
No. 614 Section 7 Subsection d [4]. The following software solutions were used:

1. BimVision is a software package for viewing uploaded DIM in IFC format.

2. Renga Professional is a national BIM system for integrated building design and DIM upload into IFC.

3. Visual Studio Code is a development environment where the program code was written and the algorithms were
debugged.

Table 1
Practical significance of the tool being developed in the life cycle of an object
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Python was chosen as the programming language due to its flexibility to various tasks and support of a wide range
of libraries. The main libraries used in the project are

1. PyQt6 is a library for creating a graphical user interface (GUI).

2. Openpyxl is a tool for working with Excel files.

3. Et_xmlfile is a tool for working with XML data.
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The application was developed based on modern programming paradigms [5]. The entire program code is based on
the object-oriented programming (OOP) approach [6] (Fig. 2) allowing one to structure the code in the form of classes
based on their methods and data processing logic. An event-oriented model [7], characteristic of the PyQt6 library, was
used for the implementation of the graphical interface (Fig. 3). This enabled user actions to be associated with the
corresponding class methods by means of the mechanism of signals and slots.

Properties

Fig. 2. OOP scheme

Subprogram 1

Subprogram 2

Event
processor

Subprogram »

Fig. 3. Event-driven model scheme

The main research material is the machine-readable format of the requirements for filling attributive data, the CIM
IDS file. Using data processing and sampling algorithms, it is from the I1DS file that all the necessary information about
the requirements for the digital information model is extracted. Later, using algorithms, a parameter matching file is
generated based on the IDS file samples.
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Research Results. This research enabled us to develop a software solution for the problem of automating the com-
parison of parameters of digital information models in compliance with the machine-readable requirements of the tech-
nical specification. In the process of analyzing the life cycle of the building and considering the stage when the digital
information model is formed, a wide range of errors were identified while checking the DIM against the expert evaluation
requirements. One of the most common errors is incorrect matching of the DIM parameters in a proprietary format while
uploading a model into the international Industry Foundation Classes (IFC) format [8]. IFC is a standard developed by
buildingSMART International designed for information exchange among construction participants. The IFC model is a
collection of a geometric model in a proprietary format and the attribute data of this model (Fig. 4).

Geometric model in a proprietary
format (DIM)

DIM in the IFC

format

Attribute data

Fig. 4. IFC-model design scheme

While investigating the models that failed the examination by means of BimVision, it was found that the main error
made while exporting the model to the IFC format was incorrect attribute data names in the parameter matching file
caused by the human factor. The solution is to create a software product that allows one to automate and eliminate the
human factor of making mistakes in writing the parameter matching file.

Before writing the basic algorithm for generating the parameter matching file, it is essential to decide where all the
necessary data will be extracted from. At the moment, there is already an international data transmission format in a
machine-readable representation in the form of XML markup, where all the necessary requirements are stored. This is the
Information Delivery Specification (IDS) [9] — a standard from buildingSMART International that automates the for-
mation of requirements for model exchange. By studying the structure of the IDS file, it can be clearly identified where
in the file all the necessary data is located (Fig. 5). Each aspect of the attribute parameter group (IFC class, attribute data
group name, and attribute data name) is located under its own tag in the IDS file. Having written algorithms and using
the existing library for working with XML markup (et_xmilfile), all the necessary information is automatically searched
for in the file by tags and create a "dictionary”. The "dictionary" acts as a repository for all the parameters of machine-
readable requirements.
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__________________________________________________________________________________________________________________________________________________________________________________________]
<2xml version="1.8" encoding="utf-8"2>
<ids xmlns:xs="http://wwi.w3.org/2081/XMLSchema” xmlns:xsi="http://www.w3.0rg/2081/XMLSchema-instance” xsiisch
<info>
<title>Tpebosanus Kk 3nemenTam UMM (ApxXMTeKTypHble pewenna)</title>
<copyright>0tgen TUM, CN6 TAY "Ur3"</copyright>
<version>3.1¢/version>
<description>Ur3.uUMM.3.@ YacTe 3. APXWUTEKTYPHBIE PEWEHWA</description>
<author>bim@spbexp.ru</author>
<date»2024-12-09¢/date>
<purposesllposepka aTpubyTusHoro coctasa, no Tpefosanuam CNG TAY "Ur3"</purpose>
<milestone>NpoekTupoeanued/milestone>
</info>
¢<specifications»
¢specification name="Tabauuya B.H.B A WUmexa aTpubyToe ana 3anemeHTa «CTewa» (IfcWall)" ifcVersion="IFC4" ide
<applicability minOccurs="1" maxOccurs="unbounded”>
' <entity>
<name>
<xs:restriction base="xs:string">
<xs:enumeration value="IFCWALL" />
<xs:enumeration value="IFCWALLTYPE" />
<xs:enumeration value="IFCWALLSTANDARDCASE" />
<xs:enumeration value="IFCWALLELEMENTEDCASE" />
</xs:restriction>
</name»
<predefinedType> -
</predefinedType>
| </entity>
</applicability>
<requirements>
<property cardinality="required” instructions="YxaswBaeTca HoMep Kopnyca, B KOTODOM HaXOQMTCR 3JNEMEHT.
{propertySet>
<simpleValue>MecTononoxerue</simpleValue>
</propertysSet>
<baseName>
<simpleValue>Homep kopnyca</simplevalue>
</baseName>
</property>
<property cardinality="required” instructions="Yka3wgaeTca HOMEp CEKUMH, B KOTOPOH HAXOAMTCA 3NEMEHT.
<propertySet>
<simpleValue>MecTononoxerue</simplevValue>
</propertySet>
<baseName>
<simpleValue>Homep cexkumu</simpleValue>
</baseName>
</property>

Fig. 5. Machine-readable format of the expert evaluation requirements

Further development includes the formation of a parameter matching file. In order to create it, it is essential to
investigate the structure of the standard parameter file provided by the CAD documentation. In our case, the standard
attribute mapping file for Renga Professional will be considered [10]. It is an XML-marked file that stores basic
information about the file itself (file name, creator, version, file type) and all the necessary information for parameter
matching and exporting DIM to IFC (Fig. 6a).

There are 3 ways to generate parameter matching files:

1. Forming a file based on the names of the properties.

2. Forming a file based on the GUID numbers of the properties.

3. Generating a file using the Renga API.

Next, the algorithm for forming a file based on property names will be considered. This method is the most effective
one as there is no need to interact with Renga Professional project files, and it also ensures the user that their data will not
be used without them knowing.
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The attribute data mapping file itself has the JSON format, which is an advantage as the standard Python libraries already
know how to work with this file format. The program algorithms structure all the data based on the previously created
"dictionary"”, and the program outputs a ready-made attribute data mapping file in a necessary extension (Fig. 6b).

“name”: "Renga_mapping”,
"type": "export",
“vesion": "1",
"creator”: "Sysolov Nikita",
"IFCWALL": {
"attributes": {},
"psets": {
"MecTononoxexue”: {
"Homep kopnyca": “Homep kopnyca”,
"Homep cekuun": "Homep cekuun",

"Jtax": "ITax
e325
I
"Mapkuposka": {
"Mozuuyna": "Nosuuus”,
57b-43e7-bc@3-afbddcbSadef)” "06o3Hayenune”: "0603Haqerue",

"HaumeHoeanue": "HaumeHosaHue"

a) b)

Fig. 6. File for mapping export parameters to IFC for Renga Professional:
a — standard mapping file; b — matching file based on the expert evaluation requirements

The final stage of the development of a ready—made solution is the creation of a clear and simple graphical user
interface (GUI). All the necessary buttons have been added to upload the IDS file and create a parameter mapping file for
Renga Professional.

Discussion and Conclusion. The aim of the study has been achieved by creating algorithms for processing and ana-
lyzing IDS files and generating structured parameter matching files for exporting CIM to the IFC format.

The developed application eliminates the manual generation of attribute data matching files minimizing the risk of
errors related to the human factor, as well as reduces the time for the CIM export operation to IFC.

Testing on a variety of different machine-readable requirements in the IDS format and also templates provided by
the IDS format developers dispalyed correct operation of data extraction algorithms and generation of parameter
matching files.

The software solution involves further development with other CAD systems. The generated parameter matching files
for Autodesk Revit and CADLIib "Model and Archive" are being actively tested.

Collecting data from human-readable formats (PDF, xlIsx) using artificial intelligence (Al) is one of the pillars of
software solution development.

The study contributes to developing methods for automating BIM processes indicating the efficiency of developing
solutions for automating routine tasks. The software solution can already be employed as a ready-made solution for a
limited number of CAD systems.

In conclusion, the developed tool makes it possible to improve the quality of DIM formation. There will be focus on
the flexibility of the software solution for a wide range of CAD systems and the integration of Al to work with diverse
formats of human-readable requirements.
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Abstract

Introduction. The construction industry has a major role to play in the global economy due to its multiplier effect, high
volatility and complexity of production relations, however, existing risk management techniques, particularly those at the
stage of investment justification, are still insufficiently developed. The aim of the study is to systematize modern ap-
proaches to risk-based lifecycle management of construction facilities, identifying gaps and promising areas of develop-
ment, including the use of digital technologies. The main tasks include an analysis of the regulatory framework, a review
of risk assessment methods and development of strategies for minimizing them for different types of real estate.
Materials and Methods. A comprehensive bibliometric study of modern approaches to construction risk management
using VOSviewer software has been performed. The most authoritative publications from the international Scopus and
Web of Science databases, as well as prominent Russian scientific papers, have been selected to be analyzed. The study
covered peer-reviewed articles, monographs, and dissertations from the last decade for a representative sample. Special
attention is paid to a critical analysis of methodological approaches to risk assessment at the pre-project stage, where
traditional methods show the greatest limitations. The study makes use of a systematic approach combining a quantitative
analysis of publication activity with a qualitative assessment of the research content. On top of that, successful cases of
the introduction of modern risk-oriented practices in real construction projects are explored.

Research Results. The analysis has enabled the key trends in the field of construction risk management over the past
decade to be identified. The results of the analysis are indicative of a stable relationship between the quality of the risk
management system and success of construction projects, which comes to the fore while investigating modern digital
technologies, including artificial intelligence and machine learning methods that are increasingly used for processing
large amounts of data in the construction industry. The greatest methodological difficulties are faced with at the stage of
investment justification, where traditional expert approaches require mandatory addition of digital analysis tools as con-
firmed by the practical cases of implementation of risk-oriented approaches explored in the study. The development of
adaptive techniques is particularly relevant that takes into account both traditional types of construction risks and new
challenges associated with the digital transformation of the industry and taking into account ESG factors, while bridging
the existing gap between scientific developments and their practical implementation is becoming a major condition for
successful modernization of risk management, which calls for taking coordinated actions by all involved in the construc-
tion industry and improving the regulatory framework in compliance with modern technological capacities.

Discussion and Conclusion. The bibliometric analysis has displayed the transition from traditional risk management
methods to digital solutions, while indicating the continuing gap between theory and practice, particularly at the stage of
investment justification. Modern approaches are actively integrating BIM, decision support systems and Al, but there is
a problem of the lack of qualified employees. Hybrid methods combining expert assessments with machine learning and
considering new risk factors such as sanctions and environmental requirements are becoming particularly relevant, which
calls for modernization of the regulatory framework and professional standards.
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0pu2uHaJZbH0€ amnupudeckoe uccnedosamue

IIpo6eMbI M NEPCHIEKTHBBI PUCK-OPUEHTUPOBAHHOIO YIIPABJIEHUS 00bEKTOM CTPOMTEIbCTBA:
0030p COBpeMEHHBbIX UCCJIeI0BAHUIM

N.X. Aap-3ryas! <, C.T. lllenna® ", H.E. Mopo3opa?
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AHHOTAUUA

Beeoenue. CtpoutenbHas OTPacib UrPACT KIFOYCBYIO POJIb B MHPOBOI SKOHOMHUKE Onarojapsi MyJIbTHUILIMKATHBHOMY
3¢ deKTy, BBICOKOM BOTATHILHOCTH U CII0KHOCTH MPOM3BOJCTBEHHBIX B3aUMOCBS3€H, OJTHAKO CYIIECCTBYIOIINE METOTUKH
yIIpaBJIeHUsI PUCKaMH, 0OCOOCHHO Ha dTalle MHBECTHLIMOHHOTO 00OCHOBAHUSI, OCTAIOTCS HEAOCTaTOYHO pa3padoTaHHBIMU.
Lenb nccnenoBaHusI — CHCTEMATU3UPOBATh COBPEMEHHBIC TIOJXOIBI K PHCK-OPHEHTHPOBAHHOMY YIIPABICHHUIO KIU3HCH-
HBIM [IUKJIOM CTPOUTEIBHBIX OOBEKTOB, BEISIBUB MPOOEITHI U MEPCHCKTHBHBIC HANIPABIICHHUS Pa3BUTHS, BKIFOYAs IIpHMe-
HEHHe MUPPOBHIX TeXHOIOTHH. OCHOBHBIE 331a4H BKIIIOYAIOT aHAIN3 HOPMATHBHOM 0a3bl, 0030p METOIUK OIICHKH PHC-
KOB H pa3pabOTKy CTpaTeTHil HX MUHUMH3ALUH IS PA3JINYHBIX THIIOB HEABIDKUMOCTH.

Mamepuanvt u memoowst. [IpoBeneHO KOMIDIEKCHOE OMOIMOMETPHYECKOE HCCICIOBAaHUE COBPEMEHHBIX ITOAXOJO0B K
YIIPaBJICHUIO CTPOUTEIBHBIMH PUCKAMU C MCIIOJIb30BaHUEM MporpaMMHoro ooecneuenust VOSviewer. J{ns ananusa oro-
OpaHbl HanOoJiee aBTOPUTETHBIE MyOIMKAIMU U3 MEKIYHapoaHbIX 06a3 Scopus u Web of Science, a Takke 3HaunMbIe
poccuiickre Hay4uHble paboThl. MccinenoBanue 0XBaTuilo pelieH3upyeMble CTaTbi, MOHOTpahHH 1 AUCCEPTALMH TTOCIIE]-
HETo JIECATHIIETHUS, YTO 00ECTICUNIIO PEIIPE3EHTATUBHOCT BEIOOPKH. Oc000€ BHUMaHHE Y/IeIeHO KPUTHUECKOMY aHAIHU3Y
METOAOJOTHYCCKUX MMOAXOA0B K OILICHKE PUCKOB Ha HpeHHpOCKTHOﬁ CTaanu, rac TpaauluOHHbIE METO/JbI IMTOKA3bIBAIOT
HanOOIBIIKE OTpaHIYeHHA. B paboTe MpUMEHEH CHCTEMHBIH MOIXO0/I, COYETAIOIINH KOTNICCTBEHHBIN aHAIN3 ITyOInKa-
MUOHHOW aKTHBHOCTH C KAYeCTBEHHON OICHKON COEPKaHUS UCCICAOBAHIN. JJOTIOTHUTETFHO PACCMOTPEHBI YCIICTITHRIE
KeWCBI BHEIPCHUSI COBPEMEHHBIX PHCK-OPUEHTHPOBAHHBIX MTPAKTUK B PEATBHBIX CTPOUTEIBHBIX MPOCKTAX.
Pe3ynomamut uccnedosanusn. [IpoBeieHHBIN aHAM3 TTO3BOJIMIT BEISIBUT KIIFOUEBEIC TCHACHIINH B 00IaCTH YIIPaBICHUSA
CTPOUTENBHBIMU PUCKAMHU 32 TIOCIIECAHEE NeCATIIIeTHE. Pe3ynbTaThl aHAIN3a IEMOHCTPUPYIOT YCTOHUNBYIO B3aHMOCBSI3b
MEXKIY Ka4C€CTBOM CUCTEMBI YIIPABJICHUA PUCKAMU U YCIICITHOCTBIO pe€ajin3alilu CTPOUTEIIbHBIX ITPOCKTOB, YTO 0Cc00EHHO
3aMETHO MPHU paCCMOTPCHUN COBPEMEHHBIX IlI/I(i)pOBbIX TeXHOHOFHﬁ, BKJIIO4asgd METObl UCKYCCTBECHHOI'O MHTEJJIEKTA U
MAIIMHHOTO 00y4eHUs, KOTOpbIe HaXOAT Bce Oojiee MUPOKoe IpUMEHEHHE ITPpHU 00paboTKe OOIBIINX MACCHBOB JaHHBIX
B CTPOUTENBbHOM oTpaciy. Hanbopiue MeTo10JI0rHYeCKHe CII0MKHOCTH COXPAHSIOTCS Ha dTare HHBECTHLHOHHOTO 000C-
HOBaHWUs, I'’/IC TPAAUITUOHHBIC SKCTIEPTHBIC MMOAXOABI Tpe6y}0T 00s13aTETLHOTO JOIIOJTHCHHUA HI/I(I)pOBI)IMI/I HHCTPYMEHTaMU
aHaIN3a, YTO IMOATBEPIKAACTCS PACCMOTPEHHBIMHU B HCCIICAOBAHIH MPAKTHIECKUMH KelicaMi BHEAPEHUS PUCK-OPUCHTH-
pOBaHHBIX TIOAX010B. OCcOOYIO aKTyaahbHOCTh MPHUOOpPETaeT pa3paboTKa aJanTHBHBIX METOANK, CIIOCOOHBIX YUHUTHIBATH
KaK TPaJUIIUOHHBIC BUIBI CTPOUTEIHHBIX PHCKOB, TAK M HOBHIC BHI30BHI, CBA3aHHBIC C ITU(PPOBON TpaHChopManueit oT-
pacmu 1 yaetrom ESG-hakTopoB, Ipr 3TOM KITFOUEBBIM YCIOBHEM YCIICITHOW MOJCPHU3AINH PUCK-MEHEPKMEHTA CTaHO-
BHTCS MPEOIOJICHUE CYIIECCTBYIOIIETO Pa3phiBa MEXy HAYYHBIMH Pa3pa0d0TKaMH U UX MPAKTUICCKAM BHEIPEHUEM, YTO
TpeOyeT COrIacoBaHHBIX JICHCTBHIA BCEX YUaCTHUKOB CTPOUTENLHOM OTPACIIH M COBEPILICHCTBOBAHUS HOPMATUBHOM 0a3bl
B COOTBETCTBUU C COBPEMECHHBIMU TCXHOJIOTUYECKUMH BO3MOKHOCTAMMU.

Oécyacoenue u 3axniouenue. buOIMoOMeTpUYECKUil aHATN3 TIOKa3all IePEX0J] OT TPAJUIUOHHBIX METOJIOB YIIPaBICHHS
pHUCKaMH K II(POBBIM PEIICHHUSIM, BBISIBUB IIPH 3TOM COXPAHSIOIIUICS pa3phiB MEXTy TEOPHEH U MPAKTHKOM, 0COOEHHO
Ha 3Tale HHBECTUIIMOHHOTO 000cHOBaHM. COBpeMEHHBIE TIOXO0/IbI aKTUBHO HHTErpupyIoT BIM, cucteMsr moanepxku
pemrennii u UM, HO cTamKUBaIOTCS ¢ MPOOIIEMON HEXBATKU KBATH(PHUIMPOBAHHEIX KaapoB. OcoOyI0 aKTyalbHOCTh MPH-
oOpeTaroT THOpHUIIHBIE METO/IbI, COUETAIONINE IKCIIEPTHBIE OLICHKH ¢ MAIIMHHBIM O0y4YEeHHEM, U y4eT HOBBIX (haKTOpOB
pPHUCKa, TAKUX KaK CAHKIUM M SKOJIOTHYECKUE TPeOOBaHUs, IS 4ero TpeOyeTcss MOJCpHHU3AIMsI HOPMATUBHOW 0a3bl U
po¢eCCHOHATIBHBIX CTAHIAPTOB.
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KiroueBble cJIOBa: pPHCK-OPUCHTUPOBAHHOC YIPABICHUE CTPOUTEIBLCTBOM, OOBEKTHI KAIHMTAIBHOTO CTPOUTEIHCTBA,
cragaaptsl 1SO 31000, oubnmmomeTprdeckuit aHanm3, VOSviewer, THBECTHIIMOHHOE 00OCHOBAaHKE, KU3HEHHBIA ITHKIT
00BeKTa

BaaronapHocTu. ABTOps! OarofapsT aHOHUMHBIX PELIEH3CHTOB, a TAK)XKE BBIPAKAIOT IPH3HATEIBHOCTh PYKOBOJICTBY
3a TIOMOIIb, OKa3aHHYIO B IIPOIIECCE MOATOTOBKH ITPOEKTA.

s uurupoBanus. Ans-3ryms WU.X., lllenna C.I'., Mopo3zosa H.E. IIpo6ieMbl 1 IepCIeKTUBH PUCK-OPUEHTHPOBAH-
HOT'O YIpaBJICHUS] 0OBEKTOM CTPOUTENBCTBA: 0030p COBPEMEHHBIX HccienoBanuit. Cogpemerntble meHOCHYUU 6 Cmpou-
menbcmee, gpadocmpoumensemee u nianuposke meppumopuii. 2025;4(3):65-76. https://doi.org/10.23947/2949-1835-
2025-4-3-65-76

Introduction. The construction industry has a strategically important position in the global economy due to its three
major characteristics. Firstly, it has a distinct multiplier effect, stimulating the development of related sectors from pro-
duction of building materials to financial services. Secondly, the industry is characterized by high volatility of market
conditions due to cyclical demand, dependence on the investment climate and regulatory changes. Thirdly, the construc-
tion complex is a n intricate system of industrial relations that unites numerous participants at all stages of the life cycle
of objects - from design to operation. These characteristics are corroborated by modern economic studies [1] that accen-
tuate the system-forming role it plays in the global economy.

The aim of the study in the framework of the research specialty 2.1.14 "Life Cycle Management of Construction
Objects™ is to develop and improve methods of risk-based management of real estate at all stages of their life cycle —
from design and construction to operation, reconstruction and decommissioning [2].

The following research tasks can be addressed:

1. Analysis and systematization of risks typical for different stages of the life cycle of construction facilities with a
focus on gaps in assessment methods at the investment justification stage.

2. Development of methods for assessing and ranking risks considering their impact on the economic efficiency and
sustainability of construction projects.

3. Design of risk management algorithms, including methods for minimizing, transmitting, and monitoring risks.

4. Exploring the capacities of using digital technologies (BIM, Big data, Al) for forecasting and risk management,
including the development of investment risk analysis tools.

5. Development of differentiated risk management strategies for different types of real estate (residential, commer-
cial, industrial) considering their specific vulnerabilities and life cycle features.

The aim of the study is to review modern methods of risk-based lifecycle management of capital construction objects
(CCO) with a focus on analyzing gaps in risk assessment methods at the stage of investment justification.

The key question is how risk management methods are to be developed in order for them to effectively cover all stages
of the life cycle, particularly at the stage of pre-design solutions.

Materials and Methods. In an increasingly intricate business environment, risk management is becoming a major
element of strategic management. It is to be noted that different international standards offer their own interpretations
of the basic concept of risk. Based on the methodology of bibliometric analysis, this study is thus aimed at systemati-
cally identifying key trends in developing a risk-based approach to managing construction objects at all of their life
cycle stages.

The analysis of international standards displays considerable differences in conceptual approaches to defining the
basic concept of risk. E.g., ISO 31000:2018 Risk Management — Guidelines (1SO 31000) defines risk as "the impact of
uncertainty on achieving goals, where impact is seen as any deviation from expected outcomes, both positive and negative
ones." This definition accentuates the dual nature of risks that can not only jeopardize, but also create new opportunities
for an enterprise.

In contrast, the Enterprise Risk Management — Integrated Framework (COSO ERM) focuses on negative aspects
seeing risks as "events that might hinder value creation or cause its reduction." This approach reflects the traditional
orientation of the American model towards protecting shareholder value and business sustainability.
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The European standard of the Federation of European Risk Management Association (FERMA) actually offers a more
neutral definition, "the combination of the probability of an event and the scale of its consequences.” Unlike COSO ERM,
this does not divide risks into "good" and "bad" ones, but focuses on the mechanisms of their quantification instead.

The practical importance of these differences becomes obvious while analyzing specific cases. E.g., while implement-
ing ESG strategies (environmental, social and management factors), ISO 31000 allows companies to take into consider-
ation environmental initiatives not only as costs, but also as an opportunity to create a new value. At the same time, COSO
ERM is still preferred for financial institutions where minimizing losses is a key objective.

It should be noted that modern organizations are increasingly combining the above approaches. Hence 67% of Fortune
500 companies are employing COSO ERM in order to assess traditional risks, while simultaneously applying ISO 31000
to manage innovative projects, where "positive" risks might become a source of competitive advantages.

Hence the choice of risk definition depends not only on regulatory requirements, but also on the strategic priorities of
the organization, which is a testimony of the need for a flexible approach to building risk management systems.

The current Russian regulatory and methodological framework for risk management in the construction industry is a
multi-level system based on the principles of consistent detail and specialization.

The system relies on three key regulatory documents forming the methodological foundation for effective risk man-
agement. The first and fundamental is GOST R 1SO 31000-2019 "Risk Management. Principles and Guidelines" that
establishes the conceptual framework and principles for risk management. This standard defines fundamental approaches
to identying, analyzing and assessing potential threats, sets forth a methodology for developing and implementing pre-
ventive measures and formulates requirements for integrating risk management into the overall management system of
an organization. Special attention is paid to forming a risk-oriented corporate culture, which is of particular importance
for construction companies operating in high-risk environments.

The second critical element of the system is GOST R 51897-2021 "Risk Management. Terms and Definitions" is an
adapted international standard 1ISO Guide 73:2009. Its major function is to ensure the terminological unity and clarity of
the conceptual framework. The document contains rigid definitions of key terms helping to avoid discrepancies and ensure
consistency in interpreting the fundamental concepts of risk management at all levels of management of a construction
organization. On top of that, the standard assists harmonization of Russian practice with international approaches, which
is of particular importance for companies engaged in international projects.

The third component of the methodological triad is GOST R 58771-2019 "Risk Management. Risk Assessment Tech-
nologies”, which is a practical toolkit for risk assessment. Unlike the first two documents, which are conceptual in nature,
this standard contains specific technologies and methods for risk analysis, algorithms for choosing optimal assessment
methods depending on the type and nature of the risk, as well as criteria for the efficiently of the approaches being used.
Practical mechanisms for both quantitative and qualitative assessment are particular significant allowing construction
companies to obtain reliable data for management decision-making.

The interaction of the three standards creates a comprehensive regulatory platform where each document performs its
own unique function: GOST R 1SO 31000 sets strategic guidelines and general principles, GOST R 51897 provides ter-
minological clarity and unity of the concepts, and GOST R 58771 offers specific tools for practical work. Such a system
enables construction organizations to build effective risk management, starting from forming a common strategy and
ending with implementing specific assessment procedures, while ensuring terminological consistency at all stages of the
life cycle of construction objects and compliance with the international standards.

For the practical implementation of a risk-based approach, a set of methodological documents has been developed,
including GOST R 51901.7-2017 "Risk Management. Guide to Implementing ISO 31000" (adaptation of
ISO/TR 31004:2013) and a series of recommendations R 50.1.068-2009, P 50.1.069 2009 and R 50.1.070-2019. These
standards contain detailed guidelines for implementing a risk management system considering the specifics of construc-
tion activities, providing methodological support at the stage of practical application.

In the system of regulatory regulation of risk management processes, a group of standards regulating formation and
maintenance of risk registers is particularly significant which includes: GOST R 51901.21-2012 "Risk Management. Risk
Register. General Provisions" establishing the basic requirements for the structure and content of the registry;
GOST R 51901.22-2012 "Risk Management. Risk Register. Design Rules" defining the procedures for updating data;
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GOST R 51901.23-2012 "Risk Management. Risk Register. Guidelines for Assessing the Risk of Dangerous Events for
Inclusion in the Risk Register" establishing the methods of ranking and prioritization; GOST R 50.1.084-2012 "Risk
Management. Risk Register. Guidelines for Creating the Risk Registry of an Organization" taking into consideration the
industry-specific features of building registers. At the same time, private risk assessment methods such as GOST R are
of great methodological importance. IEC 62502-2014 "Risk Management. Event Tree Analysis" describing the method-
ology of event tree analysis, GOST R 51901.12-2007 "Risk Management. A method for Analyzing the Types and Con-
sequences of Failure" containing principles for assessing the reliability of technical systems, and GOST R 54141-2010
"Risk Management. Guidelines for Applying Organizational Security Measures and Risk Assessment" offering compre-
hensive risk analysis techniques.

The GOST R series standards are an integral component of the system. ISO 9000 "Quality Management Systems.
Basic Provisions and Glossary" ensuring harmonization of a risk-based approach with the requirements of quality man-
agement. Among them are GOST R I1SO 9000-2015 laying the terminological foundations; GOST R ISO 9001-2015
"Quality Management Systems. Requirements" formulating mandatory requirements; GOST R 57189-2016/ISO/TS
9002-2016 "Quality Management Systems. Guide to Applying ISO 9001:2015" containing practical recommendations
for implementation; GOST R ISO 9004-2019 "Quality Management. Quality of an Organization. Guide to Achieving
Sustainable Success of an Organization™ describing methods for achieving sustainable results.

The presented regulatory documents form an integrated system where risk registers serve as an information founda-
tion, assessment methods provide an analytical component, and ISO 9000 standards create an organizational and meth-
odological context for efficient implementation of the principles of a risk-based approach. Such a comprehensive regula-
tory framework allows for the consistent implementation of modern risk management methods at all levels of the organ-
izational structure of a construction company, while ensuring the necessary consistency with the international standards
and industry requirements.

In industrial and construction risk management, industry standards that take into account the specifics of production
activities are of particular importance. GOST R 14.09-2005 "Environmental Management. Environmental Management
Risk Assessment Guide" regulates risk management processes in construction in detail, covering all stages — from design
to commissioning of objects. This document contains methodological recommendations for identifying and minimizing
typical construction risks, including technological, organizational and environmental aspects. Along with it, there is
GOST R 12.0.010-2009 "Occupational Safety Standards System. Occupational Health and Safety Management Systems.
Hazard ldentification and Risk Assessment" that establishes requirements for occupational health and safety management
systems, which is of particular importance for the construction industry with its high level of occupational risks.

As the construction industry is experiencing active digitalization, the role of GOST R ISO/IEC 27005-2010 "Infor-
mation Technology. Methods and Tools of Ensuring Safety. Information Security Risk Management" providing a meth-
odological framework for information security risk management. This standard is particularly significant in implementing
BIM technologies and digital platforms for construction project management. GOST R IEC 62198-2015 "Project Man-
agement. Guidelines for Applying Risk Management in Design" complements the regulatory framework and offers an
integrated approach to project risk management throughout the entire life cycle of a construction object.

The final and integrating element of the entire system is GOST R ISO 19011-2021 "Compliance Assessment. Guide-
lines for Management System Audit" that serves the crucial function of monitoring and improving risk management. The
standard does not only establish uniform audit requirements, but also creates an efficient mechanism for:

— objective assessment of efficiency of the applied risk management methods;

— identifying weaknesses and potential growth opportunities;

— development and implementation of corrective measures;

— ensuring transparency and accountability of all the processes.

This integrated approach enables construction companies not only to comply with the current safety and quality re-
quirements, but also to continuously improve their risk management systems adapting to changing conditions and new
challenges facing the industry. The above systematization demonstrates a holistic methodological platform combining
the universal principles of risk management with industry-specific construction activities. The multi-level structure of the
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regulatory framework enables a risk-based approach to be consistently implemented from strategic planning to operational
management at the level of specific construction projects.

Hence while aligning with the international practices, Russian risk management standards offer tools for working in
turbulent conditions. Their rational combination allows organizations not only to minimize threats, but also to transform
risks into growth opportunities ensuring long-term sustainability in a multi-crisis environment.

Risk management in construction covers a wide range of factors, including economic, technical, technological, organ-
izational, environmental, social and legal aspects, which calls for an integrated interdisciplinary approach combining
economic analysis, technical expertise, legal regulation and environmental monitoring by means of modern digital tech-
nologies and machine learning methods. Analysis of the works by leading foreign and domestic scientists, including
P. Grabovoy [2], Ye. Altman [3, 4], L. Bernstein [5], F. Knight [6], Brigham [7], A. Lapidus [8], etc. demonstrate three
main vectors of scientific research: study of the genesis of risk factors, development of their classification systems and
search for efficient management methods. At the same time, in the field of construction projects, special attention is being
paid to the issues of permanently clarifying risk classification [9], predicting potential damage, optimizing control systems
and developing risk mitigation mechanisms at different stages of the life cycle of an object. However, the existing con-
cepts are considerably different both in terms of the terminology, where there are discrepancies in the definition of the
fundamental concepts of "risk™ and "uncertainty”, and in terms of the methodological tools ranging from traditional quan-
titative methods to modern neural network technologies.

In modern studies of assessment of risks of construction projects, special attention is being paid to the issue of the
lack of reliable statistical data for quantitative analysis. Expert assessments are commonly used in analyzing complex
technical problems, but they call for formalization and rigorous methodology in order to ensure reliable outcomes.

As noted in [10], as there are no representative samples for assessing new, unique construction technologies, expert
assessments are becoming an essential tool for risk management. Expert methods are of particular significance in analyz-
ing rare events, complex risks with lots of interrelated factors, as well as in the early stages of the life cycle of an object
when statistical data have not been accumulated yet.

A major aspect while using expert assessments is meticulous selection of specialists. According to research, the opti-
mal criteria are professional recognition in the industry (confirmed by a membership in specialized associations, scientific
publications or participation in significant projects), practical work experience of no less than 5-10 years in a specific
field of construction, as well as reputation among colleagues. According to common practice, the most reliable sources
for seeking for experts are databases of professional associations, top construction consulting companies and academic
institutions focusing on research in the field of construction technologies.

In order to minimize the subjectivity of expert assessments, modern research is making use of special techniques,
including anonymous Delphi surveys allowing reaching consensus with no pressure from authorities, a system of
weighting factors that takes into consideration each expert’s level of competence, as well as validation procedures by
comparing against the known cases and historical data. An interesting example from [21] shows that while analyzing
high-rise construction risks, expert assessments indicated 37% of potential threats that were not reflected in the available
statistics, but were subsequently confirmed in actual incidents. This case clearly indicates how well-organized expert
analysis can compensate for the lack of statistical data, especially while working with new or unigue construction tech-
nologies and objects.

According to R. Keeney et al. [11], despite the wide use of expert assessments in technical analyses, existing methods
for obtaining them frequently prove to be methodologically flawed. Following a comparative analysis of two stages of a
large-scale nuclear safety study — using internal experts and involving 40 external specialists from universities, consult-
ing firms and national laboratories — the authors have been able to develop a comprehensive structured approach, in-
cluding special expert training, decomposition of assessments and formalized data collection procedures, which allowed
them to obtain more than 1,000 reliable probability distributions and was positively evaluated during an expert review.

According to [12], unlike traditional risk assessment tasks, expert judgments have a special role to play in designing
complex systems, from identifying potential failures to developing preventive measures, and justify the need for a holistic
approach integrating expert assessments at all stages of the life cycle of a system and minimizes subjective distortions.
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The well-known Russian scientist A.A. Lapidus and et al. deal with the problems of a risk-based approach in [13-16]
that examines the issues of effective selection of the experts and methodology of a risk-based approach in organizational
and technological solutions and construction stages.

In conditions of high dynamics of construction, the technical customer cannot be in continuous control, which calls
for a risk-based approach to be introduced in order to prioritize inspections. The aim of the study is to develop a method-
ology for identifying, analyzing and ranking construction control risks in order to optimize supervisory activities [17].

The authors of [18] developed a practical tool for selecting methods of risk analysis in construction based on the
characteristics of a project confirming its efficiency during testing on actual objects by means of data visualization.

A. Chan and et al. [19] presented a systematic review of using fuzzy methods in construction management, analyzing
the literature published in the top research journals over the past decade in order to identify the major areas and prospects
for further research. During the review, two major areas were identified — fuzzy sets/fuzzy logic and hybrid fuzzy meth-
ods, which, in turn, are classified into four key categories: decision making, performance, evaluation/analysis, and mod-
eling. Analyzing the current trends, the authors noted an increasing interest in integrating fuzzy methods with other com-
putational approaches, such as neural fuzzy systems which overcome the limitations of traditional methods. On top of
that, there is a tendency to expand the scope of application of fuzzy methods beyond construction management, including
environmental disciplines, which emphasizes their relevance and significance in solving complex problems amidst un-
certainty.

P.K. Dey in 2001 [20] developed a Decision Support System (DSS) that integrates the Analytical Hierarchy Process
(AHP) method and decision trees for risk management at the initial stages of construction projects making it possible to
systematize assessment of qualitative and quantitative risk factors. This approach offers a structured representation of the
relations between different risks and their possible development scenarios, which is particularly significant for strategic
decision-making at the early stages of a project.

In a systematic review by A. Taroun [21] in 2013 there was a comprehensive analysis of the evolution of risk man-
agement approaches in the construction industry over a fifty-year period. The study showed that despite the steady prev-
alence of the traditional P—I (probability—impact) risk assessment model, in recent decades there has been a clear trend
towards a shift to more comprehensive and advanced methodologies. The current approaches are increasingly take into
consideration the complex interdependencies between different risk categories, as well as their interaction with the pa-
rameters of a project environment. Analytical methods such as fuzzy set theory (FST) and hierarchy analysis (AHP), as
well as various decision support systems (DSS), have become particularly common. However, the author emphasizes the
ongoing major gap between the theoretical developments in the field of risk management and their practical application
in actual construction projects. As the major areas of development A. Taroun offers modernization of the traditional P—I
model by means of including additional parameters, active implementation of unified assessment metrics (particularly,
the concept of "risk-value"), a more complete use of practitioners’ professional experience as well as the development of
new integrated solutions capable of integrating advanced theoretical developments with the actual needs of construction
practice. The key takeway of the study is the need for fundamental rethinking of the existing approaches towards risk
management in order to bridge the accumulated gap between theory and practice. A. Taroun's study remains a critical
methodological guideline for modern research in the field of construction risk management setting pace for further devel-
opment of this relevant theoretical and practical discipline.

According to recent studies, emerging risks in construction are increasingly important characterized by nonlinear
relations and deviations from classical probabilistic models calling for development of new analysis methods integrated
into digital platforms in order to support decision-making amidst uncertainty. It is of particular significance to study the
relation of such risks with events such as "a black swan" — rare and disastrous events that are almost impossible to predict
by means of classical probabilistic methods [22].

In [23], a digital platform was developed integrating BIM and automatic object monitoring (RFID) technology using
radio waves. The solution indicates efficiency in managing construction processes, but it calls for additional adaptation
to overcome barriers in terms of the employees’ digital skills.

Implementing BIM methodologies entails significant risks that minimize their potential benefits. In [24], the major
barriers to digital transformation of construction processes are systematized.
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In the context of the mounting pressure of the sanctions, being mindful of political risks is becoming a crucial factor
in sustainable development of the Russian construction industry. According to X. Deng and et. al [25], competent man-
agement of such risks can prove to be a competitive advantage. An analysis of international experience [26] has revealed
the major sources of political risks and effective strategies for mitigating them.

An analysis of research publications on risk management in construction has displayed the following specialized areas:
time and budget management [27], integration of knowledge in the field of occupational safety and information and
communication technologies [28], environmental aspects of construction [29] and protection from natural disasters [30],
which is indicative of the multidisciplinary nature of the latest approaches to construction risk management.

Research Results. A systematic manual bibliometric analysis complemented by an analysis using VOSviewer soft-
ware [31] (Fig. 1) has indicated a complex structure of relations between the major risk management concepts in the
construction industry.
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Fig. 1. Analysis of the thematic structure of research in the field of risk management of construction projects based
on cluster visualization

Using the text mining feature in VOSviewer, keywords were extracted from titles, annotations, and citation
contexts [32]. The central element of the network is the concept of "risk management" indicating the highest fre-
quency of research publications and forms the semantic core of studies. Stable links diverge from this term to four
main thematic clusters: "construction industry™ (construction industry — the brown cluster), "construction projects”
(construction projects — the blue cluster), "critical success factors" (critical success factors — the red cluster) and
"risk" (risk — the orange cluster).

The blue cluster is of the greatest methodological importance combining the terms "fuzzy logic", "case-based reason-
ing" and "BIM-based risk management", which indicates the growing use of mathematical methods and digital technolo-
gies for analyzing uncertainties in construction projects. Special attention should be paid to the identified relation between
the concepts of "project success" and "risk factors" with a connecting line thickness of 0.78, confirming the significant
impact of the quality of risk management on the final results of construction activities.
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The red cluster including the terms "governance™, "safety" and "cost" reflects the importance of organizational aspects
of risk management. It is to be noted that the concept of "decision support systems" forms a bridge between the technical
(blue) and the managerial (red) clusters emphasizing the interdisciplinary nature of the recent research.

The analysis enables us to make the following conclusions:

1. The latest research on risk management in construction is characterized by a distinct multidisciplinary approach
combining technical, managerial and mathematical ones.

2. There is a steady trend of risk management digitalization, which means active introduction of BIM technologies
and decision support systems.

3. Fuzzy logic and case-based reasoning are becoming standard tools for assessing construction risks.

4. The efficiency of risk management directly correlates with the success of construction projects as confirmed by the
strength of the identified semantic links.

The results are critical for further development of risk management methodology in construction indicating the need
for integrated consideration of technological, organizational and information aspects in developing new management
solutions.

Discussion and Conclusion. The bibliometric analysis has displayed the evolution of risk management in construc-
tion from traditional methods to digital solutions identifying the relationship between the standards, methods and areas
of the recent research.

According to the analysis, despite a considerable progress attained in methodological support, including the inter-
national and national standards, there is still a major gap between the theoretical developments and their practical ap-
plication, which is particularly osberved at the stage of investment justification of projects. The latest approaches to risk
management are integrating digital technologies to a growing extent, including BIM, decision support systems, and
artificial intelligence methods, which might greatly improve prediction accuracy. However, the process of digital trans-
formation is faced with some major organizational and personnel barriers in terms of the lack of the employees’ relevant
competencies [24, 25].

The current situation has profound methodological roots. The expert assessment methods being widely used in the
industry and absolutely practically valuable are displaying systemic limitations associated with the inevitable subjec-
tivity of expert judgments. This is crucial in the context of the uniqueness of construction projects and the lack of
relevant statistical data at the pre-project stage.

In this context, the development of hybrid approaches combining the advantages of expert assessments with the
capabilities of machine learning is of particular importance. Such integrated approaches are in great demand while
assessing complexly formalized risks characteristic to the initial stages of construction projects, where traditional meth-
ods often prove to be insufficiently efficient.

The current geopolitical realities, including restrictions imposed by the sanctions [26] as well as the tightening en-
vironmental regulations [30] are acting as additional uncertainty factors that are hardly taken into consideration in the
traditional risk management models. These changes call for a major revision of the existing approaches to risk assess-
ment and management in construction.

At the same time, risk management in construction calls for a balance between innovation (digitalization, artificial
intelligence) and reliability (standards, expertise). Bridging the gap between theory and practice will be a major condi-
tion for sustainable development of the industry amidst turbulence.
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Abstract

Introduction. The global practice of implementing investment projects distinguishes EPC and EPCM contracts as the
most promising strategies for implementing complex infrastructure and industrial projects. In Russia, the EPC contracting
scheme is the most common one in the oil and gas industry, largely in implementing foreign projects in the Russian
Federation. In other industries, the development of the EPC market in the Russian Federation is in its infancy.

The article looks into the problems during implementing investment and construction projects in People’s Republic of
China and which should be considered in the Russian Federation. The aim of the study is to identify the existing problems
of the EPC contract and set forth some ways of addressing them.

Materials and Methods. A comparative analysis of the construction project management methodology based on signing
an EPC contract has been performed.

Research Results. Based on the analysis of the problems of controlling the budget of the EPC contract in China, a
methodological guide for working with the budget of the EPC contract has been developed.

Discussion and Conclusion. Enterprises that have signed an EPC contract need, most importantly, to standardize the
project's budgeting management system, to improve project change management, to optimize supply chain management
of material resources, to develop an algorithm of addressing the problem of exceeding the budget limit and to improve
the budget assessment mechanism accounting for the current actual situation. It is assumed that owing to the above
measures, the effectiveness of budget control of general contracting enterprises of EPC contracts will be enhanced.

Keywords: EPC contract, investment and construction project management, budget control, design errors, construction
cost, construction deadlines
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cuM B Hacrosiiiee Bpems cxema EPC-koHTpakToBaHus Hanbolee pacnpocrpaneHa B cepe HedTera3oBoi NpOMBIIIICH-
HOCTH, B OCHOBHOM IIPH peajM3alliy 3apyOeKHBIX MPOEKTOB Ha Teppuropuu PO. B ocTampHBIX OTpacisx pa3BHTHE
priaka o cxemam EPC B P® HaxoauTces B 3a4aTOYHOM COCTOSTHHH.

B crarbe paccmarpuBaroTcest mpo0ieMbl, KOTOPbIE BO3HUKAIOT IIPH Pean3aliii HHBECTHIIHOHHO-CTPOUTENIBHBIX IPOEKTOB
B KHP u xotopsle cnenyeT yuutsiBaTh B PO.

Iens ncecnenoBaHUS — BBIABUTH CyHIeCTBYIOIHE mpoosembl EPC-koHTpakTa 1 npenioXuTh MyTH UX PEIICHNUS.
Mamepuanst u memoowi. IIpoBeieH CpaBHUTENBHBIH aHAIN3 METOAOJIOTHH YIPABJICHHS! CTPOUTENILHBIM MPOEKTOM Ha
ocHoBe 3axtoueHns EPC-koHTpakra.

Pezynomamut uccnedosanusn. Ilo ntoram ananmsa npodieM xkoHTpoisi Oromkera EPC-kortpakra B8 KHP paspaborano
METOIMYEeCKOe PyKOBOACTBO 10 pabote ¢ 6romkerom EPC-koHTpakTa.

Odcyacoenue u 3axknouenue. [peanpustusm, 3axmounBiinM EPC-KoHTpakT, HE00X0IMMO MPEX/Ie BCEro OCYIIECTBUTh
CTaHAAPTHU3ALNIO CHCTEMBI YIIPABJICHHS OI0PKCTHPOBAHNEM MPOEKTA, YIy4IINTh YIPABICHHE N3MEHEHUSAMH B IPOEKTE,
ONTHMU3UPOBATH YIPABICHUE LETSIMH TOCTABOK MAaTEPHAIBHBIX PECYPCOB, pa3paboTaTh aNrOPUTM PEIICHHS IPOOIEMEI
NIPEBBIICHHS JTUMUTA OI0JKETa U YIIy4IIeHHUs] MEXaHU3Ma OIIEHKH OI0/KeTa C yUEeTOM CIIOKHMBIIEHCS (paKTHUECKOH cu-
tyauu. [Ipeamnonaraercs, uro O6xarogaps 3TUM MepaM 3QQEeKTHBHOCTH O0/KETHOIO KOHTPOJISI TEHIIOJPSAHBIX Mpe/-

npustuii EPC-k0HTpakTOB OyAeT MOBHIIICHA.

Katouesnie ciioBa: EPC-koHTpakT, ynpaBieHne MHBECTHIMOHHO-CTPOUTEIBHBIM IIPOESKTOM, OOJUKETHBIH KOHTPOIIb,

OLIHOKHU IIPOCKTUPOBAHUA, CTOUMOCTb CTPOUTEIILCTBA, CPOKU CTPOUTCIILCTBA

s uurupoBanus. Jlu lyn, 3enennos JI.B., [Tupko 1.B., Ty3zxykor K.B. UccnenoBanue mpobiem OF0IKETHOTO KOH-
TpoJst U cTpaTeruit B nmpoektax EPC, peanmsyempix B Kuraiickoit HapogHoit pecriyommke. Cospemennvle meHOeHyuu 8
cmpoumenscmae, 2padocmpoumenvcmee u nianuposke meppumoputi. 2025;4(3):77-84. https://doi.org/10.23947/2949-
1835-2025-4-3-77-84

Introduction. Since the 1980s, the State Council of the People's Republic of China, various ministries and commis-
sions in the field of construction have prepared and issued documents pertaining to the general contract, and a new trend
has emerged in the engineering contracting market, i.e., customers have increasingly been making use of the general
contract construction regime in investment projects.

Back then, the government issued regulatory documents regulating the implementation of the EPC methodology. The
implementation of the methodology and the implementation of pilot EPC projects in China started in 1984. In September
1984, testing of a general contracting regime got underway at chemical industry facilities. In November 1997, the "Con-
struction Law" came into effect in China showing direct support of the introduction of a general contracting regime, and
in August 1999, the Ministry of Construction issued a document "On Guiding Decisions on Promoting Large Design
Units for Creating International Engineering Companies.” In this document, it was assumed that integrating a number of
survey and design departments into international engineering companies with possible signing of a general contract for
design, procurement and construction would take about five years. In early 2014, the relevant ministries and commissions
of China issued a general directive for further expansion of the application of the EPC contract concept. The directive
was aimed at correcting and improving the existing investment and construction project management system, increasing
responsibilities of an EPC contractor and management personnel, training a talent pool of the youth, etc. As a result of
the activities, an EPC contractor regime started developing rapidly in China.

Design, Procurement and Construction include a general contract, according to which a general contractor takes on
full responsibility for implementing a general contract model: design, procurement, construction and commissioning of a
premises at a specified time with a fixed cost and ensuring the required work quality and safety. The most critical feature
of the EPC regime is to make the most of the role of market mechanisms. The project owner will not firstly only consider
it as an investment project, but it is also necessary to account for all the project participants’ interests prioritizing designers
and contractors.

The aim of the study is to identify and investigate the problems associated of controlling EPC contract budgets.

Materials and Methods. The study made use of the methods of comparative analysis of a traditional general contrac-
tor agreement with an EPC contract. Given that a fixed contractual price is used while signing an EPC contract, an EPC
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contractor has hardly any possibility of changing the price, except for emergencies. This compels an EPC contractor at
the tender selection stage to perform a detailed calculation of its price, accounting for a meticulous analysis of prices for
building materials and technological equipment, and launch preliminary negotiations with potential subcontractors on
pricing policies for certain construction and installation works.

Problems of EPC contract budget control are as follows:

1. Insufficiently justified development of a construction project budget based on the existing methodology of managing it.

First of all, the internal control mechanism of EPC-contract enterprises is flawed. Some EPC contractors choose to
ignore the significance of internal control management, and their management system has serious flaws making the
company not able to manage budgeting effectively, which ultimately impacts the financial stability and efficiency of
a project [1]. In some cases, a project budgeting method is not always scientifically viable. While preparing a project
budget, employees of some EPC contractors rely only on historical data, i.e., they budget based on cost data for the
previously completed projects neglecting the influence of external factors such as changes in market conditions and
introduction of new technologies, which results in budget deviation from the actual costs. Finally, budgeting infor-
mation is not transparent, and data is not updated in a timely manner leading to incomplete and accurate budgeting
information, which increases risks of a project failure.

2. Flawed change management in a project.

EPC contracts involve lots of participants influenced by adjustments to technical parameters, changes in a customer’s
needs and a market environment, etc. In order to ensure unconditional completion of a project, an EPC contractor might
make changes to the scope of work in the course of construction if necessary and on a customer’s consent.

Changes in a project will inadvertently impact an EPC contract's budget control system, and there are budget control
risk points in each aspect of change management in an EPC contract. Some changes in a project might not be detected in
a timely manner resulting in uncontrolled change management; even if changes were identified, due to insufficiently
effective assessment methods and the management personnel’s professional level, the assessment of changes in a project
was insufficiently accurate, which might have a negative impact on management decision-making. On the other hand,
communication channels and negotiations between an EPC contractor and interested parties do not always run smoothly,
and project changes are not always responded to well, which has further impact on the accuracy and reliability of project
budget control [2].

3. Disruptions in the management of supply chains of material resources.

Some EPC contractors do not manage the supply chain of material resources in a proper way frequently causing the
following situations to occur. Firstly, delays in the supply chain might result in the equipment and materials needed for
the construction of the facility not being delivered to the construction site on time having a serious effect on the progress
of a project. Secondly, the quality of the materials or equipment supplied might not comply with regulatory requirements
and design solutions so that an EPC contractor has to spend time and/or financial resources on repairing and replacing the
equipment at hand increasing the actual cost of a project. Thirdly, a supplier itself might have financial difficulties causing
a violation of contractual obligations. On top of that, other unforeseen circumstances might occur during the implemen-
tation of the ICP, and an EPC contractor's contingency plan might be flawed, which increases the uncertainty around
implementing an EPC contract.

4. An unconventional approach to managing budget overspending.

In the course of project management, it is necessary to constantly keep track of the budget of an EPC contract.
A project budget might be seriously affected by changes in market prices for equipment being used that can have a fairly
large range of fluctuations compelling an EPC contractor to constantly keep track of the prices and make timely changes
to a project implementation strategy [3]. Secondly, some insufficiently substantiated provisions in the tender documenta-
tion might also lead to budget overspending, e.g., the subject of a contract is not clear and a contractor will have to take
unwise decisions on additional responsibility, etc.

Research Results. A strategy for responding to EPC contract budget control issues is as follows.

1. Standardization of project budgeting management procedures.

First of all, while signing an EPC contract, an enterprise should pay attention to an internal control mechanism, specify
the responsibilities and powers of each individual department and employee, and comprehensively strengthen control and
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management of all the budgeting aspects [4]. Relying only on data from previously implemented similar projects in budget-
ing might easily lead to bias, so an EPC contractor's management staff should employ a range of budgeting methods. In
addition to data on similar projects, the impact of changes in current market conditions, introduction of new technologies
and other factors should be considered, data search and analysis methods applied, project characteristics combined with a
trend analysis and risk assessment in order for a scientific assement of the cost structure of the budget. Finally, while imple-
menting EPC contracts, an EPC contractor is to identify the channels for collecting and transmitting information so that
relevant information can be transmitted to the employees in a timely and accurate manner for decision-making to take place.

2. Improvement of change management in a project.

In order to enhance the quality and effectiveness of project budget control, an EPC contractor is to improve the fol-
lowing aspects of its work. First, an EPC contractor is to come up with comprehensive change management policies and
procedures, specify the process of identifying, registering, evaluating, approving, and introducing changes, to ensure
consistency and transparency in change management, and reduce the number of unauthorized changes. Secondly, an EPC
contractor is to create a project office, i.e., an interdepartmental group for assessing changes that emerge during project
implementation including the finance director, the project manager, the heads of the estimated contractual and production
departments, the head of construction and other experts.

The Project Office has a special responsibility for assessing the validity, necessity and impact of changes and decides
on the approval of certain directives to ensure that the changes are in line with the overall interests of the project. In
addition, EPC contractors need to make use of modern information technologies in order to design an intelligent change
management system and a system for predicting their impact on a project budget based on accumulated data [5].

3. Optimization of supply chain management of material resources.

While managing logistics, i.e., supply chains of material resources, EPC contractors are to comprehensively assess
potential suppliers, i.e., their technical capabilities, reliability, experience, quality management system, etc. Use big data
analysis technology in order to improve the efficiency and accuracy of supplier assessment and ultimately design a sup-
plier assessment database. Such a database could be employed in order to select cooperation partners. Partners with a
good reputation and reliability should be chosen to ensure the stability of material supply chains. At the same time, EPC
contractors are to develop and submit requests for suppling material resources to supplier databases in a timely manner
in order to design a long-term supply management mechanism. When it comes to the issues in the existing supply chain,
an EPC contractor is expected to switch to alternative suppliers in a timely manner in order to avoid grave consequences
jeopardizing a project [6].

4. A viable solution to the problem of project budget excess.

An EPC contractor is to account for a market landscape and actual financial condition of an enterprise, keep track of
the budget of each project, increase the ability of integrated management of project, procurement and construction activ-
ities, and design and develop a common cost management and budgeting model for a project accordingly. In order to
design a profitability management system for the project, identify the point of balance of profit and loss as well as posi-
tioning of an enterprise in a market and to create a target budget limit system [7].

In particular, an enterprise management should take the following measures to scientifically address the problem of
budget excess. First, an EPC contractor is to design a flexible and dynamic procurement mechanism, establish long-term
cooperative relations with suppliers in order to obtain large price concessions, and adjust the procurement plan in a timely
manner for adapting to market price changes. Secondly, an EPC contractor is to reinforce the interaction of structural
units while drafting tender documents to ensure clarity of the scope of a proposal, viability and feasibility of a customer's
requirements, as well as avoid unreasonable provisions on unlimited liability. At the same time, EPC contractors are to
build a professional legal team to confirm the compliance of the tender documents in order to avoid legal disputes and
increase the costs of an enterprise. Finally, EPC contractors can plan and coordinate budget control work ahead of time,
reinforce communications between a contractor and a customer, identify a target date for project completion, forecast and
adjust as early as possible during budget preparation in order to facilitate project progress and monitor costs.
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5. Improvement of budget assessment mechanisms.

In order to further improve the quality and efficiency of an EPC contract budget control, contractors are to improve
the project budget assessment mechanism and comply with the principles of targeted management, as well as to design a
personnel management system [8].

On the other hand, EPC contractors are to come up with proper standards and budget estimates for employees in
compliance with the content of their work they are held accountable for. For project managers and employees directly
accountable for a project workflow, more specific and quantifiable indicators such as cost management levels and work
completion levels can be employed to assess budget efficiency [9].

By now, China has already gained positive experience in implementing investment and construction projects based
on EPC contracts.

Let us consider as an example an implemented project based on an EPC contract "Construction of a Photovoltaic
Power Plant with a Capacity of 50 MW",

The total contract value is 250 million yuan (including design, purchase of equipment and construction).

The duration of an ICP implementation is 12 months.

The aim of budget control is to maintain the cost deviation within + 3%.

1. Budget preparation stage.

1.1. Detailed budget breakdown by cost items (Table 1).

Table 1
Contract budget
Cost item Budget value, yuan % Recommendations
Project 12,000,000 4.8 Reducing the number of changes
Purchasing photovoltaic 120,000,000 48 Accoun.tlng for exchange rate
modules fluctuations
Buying an inverter 30,000,000 12 Receiving discounts for a purchasing
volume
Construction and installation 60,000,000 24 Time mar_lagement_ of workers and
fees construction machines
. Reduction of optional expenses
Project management fee 15,000,000 6 uetl P .I xp
(e.g., transportation)
Reserving financial resources due to
Risk reserve 13,000,000 5.2 weather conditions, increased material
prices, etc.

1.2. Key control indicators.

Project optimization: using a BIM model for more accurate calculation of excavation volumes, which will cut the
budget by 2 million yuan.

A contract with a supplier of components is signed according to the "open contract™ scheme stipulating a price fluc-
tuation of no more than = 2% [10].

2. Dynamic control of a project during its execution.

2.1. Monthly expense analysis (month 6).

Table 2 shows the actual figures for the 6 months of a project implementation.
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Budget: planned, actual, deviation

Table 2

Budget, Actual expenses Analysis
Indicators thousand P '| Deviation, % y Corrective measures
thousand yuan of the causes
yuan
Increase in prices for
Photovoltaic panels. 6000 6 300 ‘5 §|I|con m.aterlals gauses Risk rgsgrve budget
Solar panels introduction of price of 3 million yuan
adjustment provision.
The remainder of the
Construction Using ready-made budget funds is trans-
. . 3000 2700 -10 . .
and installation brackets saves time ferred to the risk re-
serve
Owners’ new require- | Initiating submitting
Design changes 200 500 +150 ments for the storage an application for

system energy

changes

2.2. Management tools.
Early warning mechanism: if individual expenses exceed the budget by 5%, this automatically triggers management audit.
Purchase record journal: real-time update of information on equipment delivery and payment avoiding overspending

on advance payments.

Final project indicators

Table 3

Result Data
Total cost 253 million yuan (+ 1,2 %)
Savings Construction optimization has saved 4 million yuan

Overspending

Design changes increased the costs by 3 million yuan

Conclusion

The cost deviation is maintained within the target range

Discussion and Conclusion. An analysis of the work of EPC enterprises in China on budget control has shown that
there are still some issues to be resolved.

Based on the results of the analysis (Table 3), the following conclusions can be made:

1. Equipment purchasing calls for preliminary price fixing (price calculation based on analyzing market offers).

2. The resulting savings from construction can be employed for overspending compensation caused by the other

budget items.
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