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Digital transformation of standardization

and quality control in construction production
based on the implementation of the registry
principle of managing the requirements

of regulatory and technical documentation

Ensuring the quality of construction and installation work is traditionally a priority task of the construction indus-
try, and today it is becoming the basis for the formation of criteria for the effectiveness of transformation pro-
cesses in the conditions of the formation of the digital economy. The article is devoted to the search for ways to
develop methodological tools for digital transformation of standardization and control of construction and instal-
lation works for a wide range of construction participants. Large-scale application of information modelling tech-
nologies and digital models at all stages of the life cycle of capital construction projects requires radical changes
in the organization and development of the industry regulatory and technical framework for quality assurance. In
many ways, improving the quality of construction and installation work depends on the loyalty of designers and
builders to the registry principle of technical regulation. The author focused on the criteria for improving the qual-
ity of technological processes in construction. To achieve this goal, in the article the author proposes to consid-
er the concept of formation and application of registers of regulatory requirements (RRR), designed to change
the approach to work with the regulatory document, including in the assessment of conformity of the presented
construction and installation works (CIW) carried out in accordance with this standard. The applied RRR assume
a different structure of information, where the key element is the requirement. The requirement structure contains
numerical parameters generated for specific processes.

The concept assumes integration of the registers of requirements with the building information model, formation
of a request and application of data uploaded from the model on the list of works, their volumes, organizational
and technological links between the works, etc. The register, with formulas for conformity assessment linked to it,
is considered as a tool for automating operational control. When the requirements of work acceptance are met,
data are generated to form digital performance documentation and fill in the digital performance model. The con-
cept is being developed as one of the directions of the scientific and educational programme of activities imple-
mented in the Scientific and Educational Center “Digital Construction and Operation” of Moscow State Universi-
ty of Civil Engineering with a partner — JSC “Codex”.

Keywords: standardization of construction technologies, digital tools for construction quality control, construc-
tion and installation works, register of regulatory documents, digital register of regulatory and technical require-
ments, building information model, regulatory and technical requirements

DEVELOPMENT OF THE REGISTRY
PRINCIPLE

acts include linking the implementation of the regis-
try principle and the creation of a system for manag-
ing safety and quality requirements of the CCO,
based on a digital register of requirements in

The article is a continuation of a series of stud-
ies on the role of the registry principle and par-
ametric rationing in the digital transformation
of the construction industry.

Introduction and implementation of the registry
principle of maintaining technical requirements in
construction is one of the tasks of improving
the system of technical regulation in construction. In
accordance with the Development Strategy of
the construction industry and housing and commu-
nal services of the Russian Federation for the peri-
od up to 2030 with a forecast up to 2035: the regis-
try principle of the development of technical
requirements is the principle of development of
technical requirements, assuming the possibility of
their practical implementation only after the inclu-
sion of such requirements in the relevant register [1].
At the same time, it is assumed that the principle will
be ensured by forming an integral system of regula-
tory documents that establishes uniform mandatory
requirements at all stages of the life cycle of a capi-
tal construction object (CCO). Currently, regulatory

the construction industry. With this in mind, the reg-
ister of requirements becomes a state information
resource designed to provide interested parties with
information about the requirements to be applied
during the examination, design, construction, re-
construction, operation and demolition of capital
construction facilities [2]. It should be noted that
the formation and maintenance of the register of re-
quirements in the field of engineering surveys, de-
sign, construction and demolition are carried out in
Russian in electronic form using the State informa-
tion system for urban planning activities (SISUPA)
system based on Stroykompleks.RF. The require-
ments included in the register are placed in XML
format. For state authorities, local self-government
bodies, legal entities and individuals, the require-
ments included in the register of requirements in
the field of engineering surveys, design, construc-
tion and demolition become open for review [3].
The most probable scenario is considered to be
when the formation of registries will technically take
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place in 3 stages: analysis of documents including requirements,
detection of requirements in the document and systematization of
requirements in the relevant registries.

At the same time, checking the relevance of the requirement is
a more resource-intensive process than checking the relevance of
the standard [4]. There are several reasons for this:

e document may contain a different number of regulatory and

technical requirements;

e same document may contain requirements for different jobs
Or processes;

e most documents include both mandatory and recommended
requirements;

e current document may contain modified requirements;

e document may continue to be valid, but the requirements
contained in it may be canceled or supplemented with new
requirements;

e multiple documents may contain cross-requirements.

The proposed concept, focused on ensuring the formation of
an integral system of regulatory documents that establish uniform
mandatory requirements at all stages of the life cycle of the CCO,
involves the development by the user of a register of documents
containing requirements and further work with requirements,
changing to an algorithm for the direct formation by the user of
a register of requirements [5]. Moreover, in terms of integration with
the digital information model, the registry becomes part of it and
receives the parameters of a digital tool.

INTEGRATION OF DIGITAL REGISTERS OF REGULATORY
REQUIREMENTS AND BUILDING INFORMATION MODELS

The concept under consideration assumes the initial formation
of a register of requirements in the preparation of Technical specifi-
cations for the development of design and estimate documentation,
including organizational and technological documentation.
The formed requirements in relation to the corresponding types of
elements, structures, materials and equipment used are integrated
into the information model along with other parameters. When form-
ing the structure of the library components of the information model,

the principle of highlighting aspects of the system is applied [6].
According to this principle, the registers of requirements can be
included in the model as functional aspects or product aspects.
After the transfer of the project information model to the construc-
tion site, this makes it possible to obtain from the model, in addition
to the names of works, their volumes, materials used, to obtain cur-
rent requirements for the production of works, requirements for
which structures, requirements for elements of engineering sys-
tems. The same requirements define quantitative and qualitative
criteria when carrying out construction control of the technical cus-
tomer, as well as when the contractor submits completed works or
finished structures for compliance verification. After acceptance of
the work, the requirements in the structure of the information model,
in turn, become the basis for the formation of operational require-
ments for structures, elements, and engineering systems. At
the stage of building operation, the registers will in turn become
the basis of operational service, maintenance, monitoring, current
and capital repairs, reconstruction and demolition [7]. Fig. 1 shows
a block diagram of the implementation of the concept.

The described concept, which in its structure provides for ap-
plication of the registry principle of the formation of regulatory re-
quirements, using Russian software and information reference sys-
tems, allows us to solve the following tasks:

e implementation of automatic unloading from the information
model of lists of construction and installation works, their vol-
umes, with the possibility of visual analysis of organizational
and technological links between the works, which allows to
provide automation of development of organizational and
technological documentation: work production projects
(WPP) and technological maps (TM);

e formation of a register of regulatory requirements for the qual-
ity of construction and installation works, with formulas at-
tached to it to assess the compliance of the results of con-
struction and installation works with the requirements of na-
tional standards, design, working and organizational and
technological documentation, which allows to implement au-
tomation tools for construction and operational control and
generate data for filling the digital executive model.

Building > Production Executive
information model > of works building model
A A

Construction control

Building construction
documents
in digital form

Register of requirements
as part of the terms
of reference

Verification of conformity
of completed works

A

Yes

No
Fig. 1. Block diagram of the concept implementation
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In addition to the basic requirements, the register may include
requirements related to the work being carried out and required by
applicable regulations. These can be:

e requirements for ensuring technological modes of work, es-
tablished by organizational and technological documenta-
tion;

e labour protection requirements when performing the relevant
production operations;

e requirements to ensure compliance of quality indicators of
operations and their results with standardization docu-
ments [8].

IMPACT OF THE REGISTER OF REQUIREMENTS
ON THE QUALITY OF CIW

Introduction and implementation of the registry principle of
maintaining technical requirements in construction is one of
the tasks of improving the system of technical regulation in con-
struction. Ensuring automatic updating of the registry and linking
a specific requirement to the relevant production processes is
a task of increased complexity. It should be noted that at the mo-
ment there are no ready-made registers of mandatory and recom-
mended requirements for construction.

The register of requirements formed by the customer and inte-
grated into the building information model can be applied at one or
several stages of the object life cycle, for example, during the ex-
amination, preparation of design and estimate documentation, im-
plementation of construction or reconstruction, performance of
operational activities or demolition. The methodological basis for
the application of data from information models at different stages
of the object life cycle, the formation of requirements for them is
implemented within the framework of a set of standards of a Unified
Information Modelling System [9]. Accordingly, as part of the terms

of reference for the tender documentation or for the contract,
the register of requirements can be opened for review or already
applied by prospectors, designers, surveyors, contractors, operat-
ing organizations. The concept assumes that the registers, together
with the requirements, will contain the calculated parameters of
the requirements, which in turn determine the calculated parame-
ters of works being carried out. During the period of works, ensur-
ing compliance of the work performed with the project documenta-
tion and the requirements of regulatory and technical documentation
is carried out by means of current and acceptance control. The re-
sult of compliance is a qualitatively completed and commissioned
object. At the stage of conformity assessment of the submitted
works, controlling precisely the calculated parameters of the work,
it will be possible to control the specified level of quality of works,
the structures and products used. The concept contributes to
the formation of a systematic approach to the work with the regis-
ters of requirements through the detection, documentation, tracking
of requirements for the created constructions and conducted pro-
duction processes. It should be noted that in this case, the work
with the requirements is carried out without the need for constant
work with the entire documents.

From the above, the necessity of solving the problem of require-
ments management as a task of searching for an individually con-
figured or typical, but in any case balanced set of parameters by
which it is possible to determine the actual level of work performed.
It can be argued that the requirements management mechanisms
will become mechanisms for ensuring the quality of work.

APPROBATION OF THE CONCEPT

As part of the testing of the concept, we will consider the inte-
gration of the register of requirements for finishing works and data
that make up part of the information model of a residential building.

Name or room number Walls or partitions Area, sq.m Note ==
Monolithic Walls.: p.utty, primer, water- 536.17 Improved plaster :TZ t
Stairwell, based paint in two layers .
corridor, Walls made of cellular concrete: <
elevator hall primer, plaster on a grid of 20 mm, 238.54 | Improved plaster % ©
water-emulsion paint in two layers %b @
® @
1@ 7
Aei
Sy e
ﬂaﬁe
B
(3] Nect
S EE
< (115
< 829
& 274
@3 [nn
| [} [0

Fig. 2. Data on interior decoration from the building information model
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The object of testing will be an 88-apartment residential building in
Kaliningrad, Levitan str., 10. The project documentation for the ob-
ject is included in the GIS of the Unified State Register of Legal
Entities and is standard. The model was created in Renga auto-
mated building design system (version 5.5). To form a register of
requirements for finishing works, we use “Techexpert SMART: de-
sign” — a professional reference system containing services for
the introduction and use of information modelling technologies
(IMT), as well as regulatory documents, reference and consulting
information necessary in the work of the designer. Working on
the creation of a digital register of regulatory and technical require-
ments in the “Techexpert” system, it is possible to work with regula-
tory documents as with “data containers” [10]. When working with
the building information model, we will need the materials of
the sections “Spatial planning and design solutions” and “Con-
struction organization project”. It is possible to use attracting data
from a larger number of model elements. After all, the gradual ac-
cumulation in digital format of more and more information about
the object in the process of design and construction makes it pos-
sible to significantly increase the efficiency of operation of buildings
and structures in the future [11].

At the next stage, from the information model of the building, all
the data on the decoration of the premises necessary for compiling
a statement of the scope of work are unloaded. To simplify, the ex-
ample considers only one room — the stairwell of the floor. Fig. 2
shows a part of the statement of the scope of work on finishing, with
data uploaded from the information model of the building.

The task of forming a register of requirements with the use of
modern professional reference systems (for example, “Techexpert”
system) for the construction industry is gradually being transformed
into a system IT solution that allows you to fully automate the re-
quirements management process and select requirements accord-
ing to specified parameters. The article presents an algorithm for
working with the “Techexpert” system to create a register of require-
ments for finishing works on the stairwell of a residential building.
However, the algorithm is built in such a way that it can be shifted
to other, more complex tasks. When working with the standard,
mandatory, recommended and reference requirements are

B %- . e, STPRATIVYGA - s

binding to the standard
with the possibility of
checking the relevance

C (1] E F

Real value, | Compliance with |

Parameter Standard value, mm nm stan
3 Vertical deviation: |
1 bylm 1 yes
for the entire height of EI
5 the foom L 1 e
Horizontal deviati — - —
. e 3 binding to a bookmark inside the text

1 (to a specific requirement) for a quick

Deviation of window

and door slopes from check of the relevance of the require-
7 the vertical: | _| ment, and not the entire document
8 cnanareaof dm2by lm | 4 3 | Ves
o forthe entice clement | 10 s T e
Devianon of window
and door slopes from
e the horizontal: |
y onanareacfimlbylm | 4 5 0o
12 for the entire element ‘ 10 1 1 T no
Deviation of the slo |
15| width from the nroj::t 3 : yes

Fig. 3. Fragment of the desktop when comparing requirements
values

established in separate positions. The formation of the register of
requirements in the concept includes the following stages: selec-
tion of documents; detection of requirements from different docu-
ments; consolidation of requirements in the register. During the pro-
duction of CIW, respectively, the control of changes in requirements,
the analysis of changes, as well as the systematization of informa-
tion on the compliance of the actual parameters of the work per-
formed with the standards are carried out. The application of
the formed register of requirements, in our example, in the condi-
tions of the use of the “Techexpert” system and documents in
the *xlIsx format, will be presented as follows: automatic binding to
the standard with the possibility of automatic updating; manual
binding of each parameter to the appropriate place within the stand-
ard; verification of the status of the requirement (comparison of
standards, comparison of editions); automatic calculation compli-
ance of the performed works with the standards. In previous publi-
cations, the issues of solving the main tasks of allocating the regis-
try structure with their connection to the system of automated
control of the relevance of regulatory documents in the formation
and work with registries have already been disclosed [12]. The main
block of work on the register of requirements is undoubtedly
the process of comparing the normative values of requirements
with the values actually obtained. The registry considered in the ex-
ample includes requirements for all layers of the walls of the stair-
well of the building: improved plaster, primer coating, and painting.
By applying the register of requirements, the building control or
supervision officer receives a universal tool in the form of an auto-
mated quality control table, the template of which will be updated in
real time to ensure compliance with current editions of regulatory and
technical documentation. This allows you to analyze information
about the quality of requirements and procedures. In addition, many
control measures at the federal level will soon receive strict digital
binding to norms and requirements [13]. In addition to directly auto-
mated data updates, the *xIsx format allows you to automate
the analysis of regulatory and real parameters, automate and config-
ure the output of final data in a convenient form. The task of ensuring
the relevance of the funds of regulatory documents was taken over
by the “Techexpert” system, and the further level of automation of
the technological process depends on the skills of a particular em-
ployee of the construction control or supervision service [14].
Summing up, here are the main effects of the application of
the integration of registers of requirements and information models
of the building, directly or indirectly affecting the quality of CIW:
e reducing labour costs, and therefore reducing the risk of er-
rors when working with regulatory standards;
¢ the ability to automate work with requirements;
e performing calculations in standard programmes with refer-
ence to current databases of reference systems;
¢ the ability to automate individual processes during operation-
al control;
e the possibility of using registers in the formation of digital ex-
ecutive documentation.

CONCLUSIONS

Reproduction of the concept on a sufficient list of CIWs based
on the professional and loyal attitude of engineering and technical
workers of the construction industry to the use of project documen-
tation in the form of a digital information model will accelerate
the digital transformation of construction production and control
measures. The creation of such conditions is primarily facilitated by
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providing a wide range of engineering and technical workers in
construction and operation with simple and reliable tools for solving
everyday practical problems of ensuring the quality of construction
and installation work. In the future, it can be transferred to more
complex tasks, where you need to take into account a whole range
of requirements and parameters. Moreover, the development of
the proposed algorithm as an integrator technology and its applica-
tion by enterprises and organizations of the construction industry
will help ensure their competitiveness by improving the quality of
work at all stages of the life cycle and creating conditions for meet-
ing deadlines for their implementation.
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3MIEMEHTOM fIBNSAETCA MMEHHO TpeboBaHue. CTpykTypa Tpebo-
BaHWS COQEPXMT B cebe YMCNOoBbIE MapameTpbl, (hopMUpyeEMbIe
ANA KOHKPETHbIX NpoLieccoB.

KoHuenuus npegnonaraet MHTErpaLuio peecTpoB Tpeb6oBaHU
C NHOPMAaLMOHHOM MOZeNbio 3aaHus, hopMmMpoBaHmue 3anpo-
ca 1 NpUMEHEHVe BbIrpyXXaemblX U3 MOAENN AaHHbIX MO nepey-
HIO paboT, Mx o6beMam, OpPraHM3aLMOHHO-TEXHOMOMMYECKUM
cBA3AM Mexpay pabotamu u ap. Peectp, ¢ npuBsidaHHbIMK
K Hemy chopmynamm Ans OLEHKN COOTBETCTBUSA, paccmaTpuea-
eTCA KakK MHCTPYMEHT aBToMaTu3auuu OornepaumoHHOro KOHTP-
ons. MNpy ypoBneTBopeHun TpeboBaHMI NpueMkn paboT dop-
MUPYIOTCA AaHHble ANa co3[aHus LUMgPOBOM UCNONMHUTENIbHOW
OOKYMEHTALUMM N HaMONHEHNS LUMAPOBOW UCMONHUTENIbHON MO-
fenuv. KoHuenums pa3suBaeTcs kKak O4HO 13 HanpaBiieHWn Hay4-
HO-06pasoBaTesibHOW NPOorpamMMbl AEeATENbHOCTHN, peanudyemon
B Hay4Ho-06pasoBartenbHOM LeHTpe «LindpoBoe cTtponTenscT-
BO 1 akcnyataumsa» (HOL LIC3) HAY MICY B coTpygHuyecTse
¢ naptHepom AO «Kogekc».

KnioyeBble cnoBa: cTaHBapTu3auusi CTPOUTESIbHBIX TEXHOSIO-
i, UMghpPoBbIE MHCTPYMEHTbLI CTPOUTESIbHOrO KOHTPOJIS1 KA4€eCT-
Ba CMP, peectp HopMmaTuBHbIX JOKYMEHTOB, LiMGhPOBOV PEECTD
HOPMAaTUBHO-TEXHUYECKUX TPeboBaHui, MHGOPMaLUNOHHas Mo-
Aerb 34aHNs, HOPMAaTUBHO-TEXHUYECKNE TPe60BaHNs

CIMNCOK NCTO4YHUNKOB

1. CTpaterusi pa3suTusi CTPOUTESbHON OTPACIN U XNINLLHO-KOM-
MyHanbHoOro xossvictea Poccuvickon ®epepauyvn Ha nepuos
[0 2030 roga c nporHo3om fo 2035 roga : yTBepxaeHa pacriopsi-
xeHnem [lNpasutenbctea Poccuvickon @epepauymm ot 31.10.2022
Ne 3268-p. URL: http:/static.government.ru/media/files/

2. 06 yteBepxpaeHun Npasun gpopmrpoBaHns U BeaeHNs peectpa
JIOKYMEHTOB, COAEpXaLUmX TpeboBaHwsl, nogexaLyme npumMeHeHno
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