International Journal of Technology 12(7) 1437-1447 (2021)
Received September 2021 / Revised November 2021 / Accepted December 2021

£ International Journal of Technology

http://ijtech.eng.ui.ac.id

A Systematic Approach to the Management of a Construction Complex under
the Conditions of Digitalization

Ekaterina Tereshko!®, Irina Rudskaya?

1Peter the Great Saint Petersburg Polytechnic University, St. Petersburg, Polytechnicheskaya, 29, 194064,
Russia

Abstract. The study of industry digitalization in Russia is relevant and promising in accordance with
global trends and the main strategic documents of the Russian Federation in the context of
increasing productivity, reducing costs, and increasing efficiency. The purpose of this study is to
describe a systematic approach to managing a construction complex under the conditions of the
digitalization of the economy from the micro level (the level of organizations) to the level of
municipalities and regions. The article describes the process of transition to digitalization at the
micro level in a construction complex and also analyzes the options for digitizing investment and
construction projects at the micro level. It also describes the structural integration of a construction
complex from the micro level to the level of the municipality/region through information services
and through formed proposals for the formation of a management system for such construction
complexes in municipalities and regions of Russia under the conditions of the digitalization of the
economy. Based on the conducted analysis and the formed proposals, problems regarding the
management of a construction complex of a municipality /region under the conditions of the digital
economy are identified, namely: (1) a lack of developed standards for regulating the digital
modeling of buildings; (2) a low level of employee ownership of software complexes that form
building information modeling at the micro level; (3) the need for the continuous professional
development of employees; and (4) the poor integration of some software products. In the future,
based on the results of this study, it will be possible to form the structure of an information system
for managing urban development and the space of municipalities, as well as a strategic approach to
managing these digital processes at the municipal and regional levels in the regions of Russia.
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1. Introduction

Currently, the process of digital transformation is taking place, and digital and robotic
processes that contribute to the optimization of routine processes are being actively
introduced into industries and complexes. Considering industry adaptation to the
processes of digitalization, we can distinguish such industries as those of agriculture, oil
and gas, healthcare, construction, energy, etc. (Dmitrievsky et al., 2016; Leonov, 2018;
Gorbunova et al., 2019; Mozokhin and Shvedenko, 2019; Tereshko and Rudskaya, 2020).

The construction industry is a promising and rapidly developing industry in the context
of the implementation of digital processes at the micro level. It is in this industry that

*Corresponding author’s email: ektereshko@mail.ru
doi: 10.14716/ijtech.v12i7.5356



1438 A Systematic Approach to the Management of a Construction Complex
under the Conditions of Digitalization

innovative processes and advanced digital technologies are actively used, and the main
design processes of production, non-production, and linear objects are gradually digitized
and robotized (Oparina et al., 2018; Tereshko and Rudskaya, 2020; Tereshko et al.,, 2021).
It is also possible to note the use of digital processes in the direct construction of capital
construction projects.

Thanks to the approach of digital evolution in the construction industry, digital
technologies provide the necessary development model and an improved organizational
shift in an industry that is at the stage of implementing automation, artificial intelligence,
machine learning, and innovation. The joint use of new technologies allows one to speed up
decision-making, simplify the workflow, and avoid repeating tasks and mistakes. This fact
is confirmed by scientific studies conducted by Russian and foreign authors (Sharmanov et
al., 2015; Talapov, 2015; Grakhov et al.,, 2015; Kupriyanovsky et al., 2016; Sinyagov et al.,
2017; Dronov et al., 2017; Razov et al., 2018; Doan et al., 2018; Chai et al., 2019; Jin et al,,
2019; Oraee et al.,, 2019; Heigermoser et al., 2019; Chen and Lu, 2019; Santos et al., 2019;
Chan etal., 2019; Asadi et al,, 2019; Hong et al., 2019; Al-Saeed et al., 2020).

Scientists have considered different aspects of digital processes of construction
production and technologies of building information modeling (BIM). For example, the
authors in Jin et al. (2019) and Santos et al. (2019) examined the importance of the
development of BIM technologies through studying publication activity in scientometric
databases, as well as the impact of these studies on the sustainable development of
territories. In other works (Talapov, 2015; Sinyagov et al., 2017; Chen and Lu, 2019; Asadi
et al, 2019; Al-Saeed et al, 2020), various aspects of managing digital processes,
information flows in design, and construction are considered. Al-Saeed et al. (2020)
addressed the concept of implementing digital objects (BDO) of BIM for automating the
processes of manufacturers of construction products and expanding lean manufacturing.
The structure developed by the authors in Al-Saeed et al. (2020) illustrates the advantages
of BDO by reducing the number of production processes to effectively eliminate early errors
in the model, generate financial savings, and reduce material losses.

Some studies (Talapov, 2015; Grakhov et al,, 2015; Razov et al., 2018; Heigermoser et
al, 2019; Hong et al, 2019; Chan et al, 2019) are devoted to the prospect of the
development of BIM technologies and the importance of implementing these technologies
in construction organizations. For example, in the works by Grakhov et al. (2015) and Hong
etal. (2019), the authors examined the opportunities that arise when using BIM technology,
as well as problems that can be solved with it. In addition, Grakhov et al. (2015) analyzed
the possible impact of the use of BIM technology on the economy of the industry and found
that it contributes significantly to increasing the competitiveness of construction
enterprises.

Of course, when moving toward a new format of organizing the activities of design and
construction enterprises, there are a number of difficulties and barriers that may arise. This
aspect is considered by the authors of several works (Sharmanov et al,, 2015; Grakhov et
al., 2015; Dronov et al,, 2017; Razov et al,, 2018; Oraee et al., 2019; Chan et al., 2019).

Research focused on the development of digital processes of investment and
construction projects and complexes is also important (Chen etal., 2011; Shcherbina, 2017;
Selyutina, 2018; Davydov et al., 2018; Churbanov et al., 2018). A qualitative assessment of
the investment component is important to take into account at the time of obtaining a
construction permit. Thus, this aspect is widely studied by researchers, and options for
digital optimization are offered.

The scientific research analysis has shown that digital processes of construction
production have been studied substantially, including various aspects of the development
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of BIM and the digital optimization of the construction process; however, the research did
not find an approach focused on the digitalization of investment and construction projects
at the municipal level in order to optimize urban development and form an effective
construction complex for the municipality, contributing to its long-term development and
providing a synergetic effect in the "municipality-construction organization-municipality”
relationship. There are also no studies aimed at creating a unique digital environment for
regulating the process of implementing projects at the municipal level.

The digitalization of investment and construction projects can contribute to the
implementation of important tasks, both at the level of concluding transactions between an
organization and an investor (an individual) and obtaining investment support for the
construction of an object, and at the municipal level, when it is necessary to provide
developers with investment support from the funds of the municipality. The digital model
of the building, with the proper organization of project activities, allows for a
comprehensive assessment of the capital construction object at the level of the tenders held.
This study is conducted by the municipalities. Therefore, the study of the issue of the
possible digitization of investment and construction projects is promising, and in the future,
at the municipal level, it could become the basis for creating a single tool for regulating the
activities of design and construction organizations, as well as the planned development of
the territories of municipalities with a preliminary assessment of the requested places for
the construction of objects. In this way, the construction industry can act as a driver of
digital regional development, which it is advisable to consider through the prism of a
regional construction complex (the organization of the activities of construction
enterprises from project documentation to the commissioning of facilities, which is aimed
at the integrated strategic development of the territory (Tereshko and Rudskaya, 2020;
Tereshko et al., 2021).

The purpose of the study is to offer an information system for managing such
construction complexes in the regions of Russia. In accordance with this goal, it is necessary
to perform the following tasks: (1) describe the process of transition to digitalization at the
micro level in a construction complex; (2) analyze the methodology of the digitization of
investment and construction projects at the micro level; (3) describe the structural
integration of a construction complex from the micro level to the level of the
municipality /region through information services; and (4) identify problems in the
management of a construction complex of a municipality/region in the digital economy.

2. Methods

The methodological basis of the study was the analysis and synthesis of the
fundamentals of the functioning of construction enterprises and organizations in the digital
environment using BIM technologies in the context of the territories of the Russian
Federation. The study uses qualitative research methods, which consist of a meaningful
subdivision, generalization, comparison, and interpretation of text. It uses the symbiosis of
some approaches, namely the interpretive approach (Patton, 1980), the network approach
(Bliss et al., 1979), the quasi-statistical approach (Miles and Huberman, 1994), non-
narrative analysis (Mishler, 1986), etc. The use of these approaches allowed us to categorize
data and establish links between categories, which formed the basis for writing this article
when forming a systematic approach to the management of a construction complex under
the conditions of the digitalization of the economy. The qualitative methods are the basis
for: (1) describing the stages of the transition of organizations and enterprises to BIM
technologies; (2) analyzing options for digitizing investment and construction projects at
the micro level; (3) describing the structural integration of a construction complex from the
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micro level to the level of the municipality/region through information services; and (4)
identifying problems regarding the management of a construction complex of a
municipality /region in the digital economy.

3. Results and Discussion

3.1. Implementation of BIM Technologies at the Micro Level

The transition to BIM technologies at the micro level is quite time-consuming and
requires large capital expenditures as well as a long period of time. Considering the
introduction of BIM technologies at the level of construction organizations, it is necessary
to provide an integrated, systematic approach based on a clear separation of the stages of
modeling and a financial assessment of capital construction projects. The approach involves
dividing the areas of responsibility between the structural divisions of a construction
organization. Considering that the main stages of creating a BIM model of an object are a
detailed project (DP) model and models at the stages of project documentation (PD),
working documentation (WD), and executive documentation (ED), it is necessary to
allocate the stage of creating a DP model to the functional area of responsibility of a separate
division of the organization, which will allow for the high-quality validation of the initial
model for the subsequent stages of building PD and WD models (Talapov, 2015). Important
when implementing BIM is the allocation of structural units, such as the standardization
department and the BIM department, which should be responsible for the basic design
elements that form the basis for modeling capital construction projects within the
organization in the form of standard prefabricated structures. A standardization
department is also necessary due to the lack of BIM standards at the state level with regard
to the territory of the Russian Federation; therefore, this department should be responsible
for the formation and constant updating of the organization's internal standards for BIM in
accordance with current solutions (Selyutina, 2018).

For the implementation of BIM technologies in design organizations and in structural
design divisions of construction organizations whose activities are focused on modeling PD
and RD and also on the quasi-statistical approach (Miles and Huberman, 1994) and
narrative analysis (Mishler, 1986), the following stages can be proposed:

Stage 1. Survey of the organization. The analysis of business processes is carried out at
the first level. It is necessary to provide an analysis of the design organization (the
department engaged in design in a construction organization) to build a general structure
of the activity at that moment in time.

Stage 2. Development of a plan and tactics for the application of pilot projects for the
implementation of BIM. The analysis of business processes is carried out at the second level.
On the basis of standard projects, it is necessary to ensure well-established work and adjust
business processes. For this purpose, it is necessary to choose two or three pilot projects
that will form the basis for the modernization of the organization's activities. Detailed
automation process plans are developed for these pilot projects.

Stage 3. Coordination of the plan and tactics for the application of pilot projects for the
implementation of BIM. Business analytics are conducted at the third level. The pilot project
is selected. Based on this, it is necessary to ensure that the work plan is coordinated with
the working group. The formation of tasks should be carried out in accordance with the
plan of the first pilot project. Project work takes place in the normal mode.

Stage 4. Development of the following pilot projects. Similar to in stage 3, the design
process of other pilot projects is implemented.

Stage 5. Development and approval of a general plan for the implementation of BIM
design in the organization. An analysis is conducted of business processes at the fourth level
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by comparing pilot projects, drawing diagrams of the business processes of the
organization, and identifying bottlenecks in the design, including in terms of automation.
Proposals are formulated to eliminate bottlenecks. Also, an important step at this stage is
the evaluation of the existing software and all the plugins and add-ons developed for it. The
development and approval of the development plan of the project organization (the
department engaged in design) takes place within the automation of key design
subprocesses.

Stage 6. Implementation of the BIM implementation plan. Recommendations are
considered based on the results of the analysis of the organization's business processes,
which are based on the pilot projects. The organization's software systems are replaced or
modernized. Working groups are formed and assigned to projects. If necessary, training is
provided for employees (especially in terms of the new software) who are part of the
project working group. New staff units are recruited for the positions of BIM manager and
BIM coordinator.

These stages will allow the project organization (division) to competently and
efficiently develop its work further, which will ensure a gradual transition to the digital
level of design and the organization of the highest quality of work. Note that it will not be
possible to make a quick transition to a new work format since not all employees own the
necessary software, and not all of them are able to quickly switch from one platform to
another. Of course, the transition will also require significant material costs: (1) new
software; (2) employee training; (3) consultations with specialists, and (4) the
modernization and updating of existing software.

An important task in the design of any capital construction object is the accuracy of
estimating the cost of the building planned for construction. It is of paramount importance
to assess the amount of materials and resources required for construction, which will allow
the formation of a summary statement of the scope of the work. Let us consider the specifics
of estimating the amounts of materials and resources separately, as well as methods for
optimizing data collection (Talapov, 2015; Churbanov et al,, 2018; Chan et al., 2019).

L. Estimation of the amount of materials. When designing using BIM technologies,
geometric models contain information about all the materials, only it is quite laborious to
process them manually for each element. Therefore, with the correct settings regarding the
source data (families), as well as specifications for the projected object, this process can be
automated and robotized. An important condition for automation is the encryption of the
elements of the designed building, which will allow the further identification and unloading
of the necessary parameters by elements.

I1. Estimation of the amount of resources. There are two main methods for calculating
the estimated cost of a construction object: basic index and resource. To assess the required
amount of resources according to the basic index method, regulatory frameworks are used,
which are structured according to the types of construction and installation works and the
hierarchy of the construction processes. Regulatory frameworks allow us to obtain
information about the required amount of resources per unit volume of a particular
building structure (Talapov, 2015). The regulatory bases contain the configurations of
operations for specific construction processes and the compositions of working links,
machines, mechanisms, and tools that are necessary for the construction of building
structures, for which a single price is subsequently calculated.

The regulatory bases that exist today in the territory of the Russian Federation include
territorial unit prices in construction, federal unit prices, and enlarged standards for the
prices of structural solutions. The databases do not contain up-to-date data on individual
prices since they are based on data from the state element estimated norms (SEEN). Thus,
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unit prices are usually formed from base prices that are relevant for a certain year - the

base year. To switch from the basic price to the current one, it is necessary to use indexes

that are updated annually. The indexes are different for different types of construction and
installation works, and they may also depend on the administrative and territorial location
of the object (its geographical location).

Let us consider the second main method of calculating the estimated cost resource. This
method allows one to give a more accurate estimate than the basic index one, but it is also
the most time-consuming in terms of calculation. Passing the examination when using this
method will take longer because it is necessary to check all the prices for the resources used
in the projected object.

It should be noted that the regulatory framework can be replaced by the internal prices
of construction companies. This approach is another option when calculating the economic
cost of the projected objects.

Therefore, BIM can help to implement the symbiosis of material and resource
evaluation. To implement this task, it is necessary to do the following:

1) Carry out coding (encryption) and the naming of the structural elements that make up
the digital model of the projected object. Coding will allow the comparison of structural
elements with single prices from regulatory databases. The ideal option is to revise the
regulatory bases of individual prices in order to adapt them to the digital modeling of
buildings (i.e., the introduction of uniform standards at the state level), which will allow
for the better design of capital construction projects with initially correctly specified
codes (ciphers).

2) Form a single methodology for calculating the estimated cost at the state level, either
based on the basic index method or on the resource method.

With the help of a digital double of the designed building, it will be possible to read the
ciphers of the elements and carry out further comparison in the digital environment with
the codes (ciphers) of prices, which will be updated on an annual basis. Most importantly,
the introduced prices should be approved at the legislative level in a single symbiosis of
BIM development in Russia. Also, depending on the Russian territory, the introduced prices
can be regulated according to the principle of a "fair price," which will allow tenders to be
conducted for the selection of contractors (if we consider a two-stage or more system of
organizing construction production) based on a comparison of aggregated unit prices, as
well as on checking the estimated cost.

It is especially important to introduce an algorithmized estimate of the cost of
construction of capital construction projects using BIM for those objects that are planned
to be built using public funds.

3.2. Proposals for the Formation of a Management System for Construction Complexes in the
Regions of Russia in the Context of the Digitalization of the Economy

Interaction with construction organizations at the municipal and regional levels in the
digital environment plays an important role in ensuring the development of urban space. It
is through numbers that it is possible to exercise control during the implementation of
large-scale infrastructure projects by optimizing and balancing the urban environment
(Grakhov etal., 2015; Heigermoser et al., 2019). For this interaction, it is necessary to form
and implement an information system for managing urban development and the space of
municipalities, which should be synchronized with the projects of objects under
construction, creating a digital analogue of the municipality/region. The information
system will be able to provide the systematization of data on objects under construction,
including energy consumption and resources, and within the framework of forming project
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budgets. The process of operating this system should be organized from the stage of holding
tenders for the construction of a capital construction object by sending requests to
construction organizations and enterprises. Next, it is necessary to validate projects at the
municipal level with further support for optimal ones within the framework of urban
environment development. This system will be able to generate requests for the
development of projects in accordance with the developed urban space development plan,
as well as allowing tenders to be conducted in a remote format with the granting of the right
to build a particular construction organization based on the projects received in digital
format. A key condition for construction organizations should be the provision of
information on the planned object in a digital form by including with the application a
digital federated model of the building (Figure 1).

Tervimeial developwont of the
mun b gaading

Figure 1 General structure of the regulation of investment and construction projects at the
municipal level

For the transition to the digitalization of investment and construction projects at the
municipal level, it is necessary to carry out the following steps:

1) Develop and implement a unified urban information system focused on the control and
development of capital construction projects that form the urban space.

2) Develop federal standards that will ensure the encryption of elements of BIM models
of capital construction projects.

3) Form a unified pricing system that will correlate with the new BIM design technology
with an annually updated database. It is possible to introduce adjustments to prices
according to the "fair price" rule for the regions of Russia, depending on their territorial
features and current economic situations.

A more detailed model for integrating the digital transformation of an investment and
construction project with the municipal and federal levels is shown in Figure 2. When
forming a model of the integration of the digital transformation of an investment and
construction project with the municipal and federal levels, an interpretive approach was
used (Patton, 1980), which allowed, based on approaches to the implementation of the
management of a construction complex (Talapov, 2015; Tereshko and Rudskaya, 2020,
Tereshko et al., 2021) as well as on the possibilities regarding the development of BIM
technologies (Talapov, 2015; Sinyagov et al.,, 2017; Chen and Lu, 2019; Asadi et al., 2019;
Al-Saeed et al., 2020), the formation of a logically consistent model. This model reflects the
step-by-step process of project development, the formation of project documentation at the
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stages of PD and WD, and the passage of expertise. The characteristic connections reflect
the steps (i.e., the sequence that is necessary when implementing this algorithm). It should
be noted that the black arrows reflect the first circle, and the blue ones reflect the second
one after the approval of the project documentation, passing the examination, the issuing
of a construction permit, and receiving appropriate funding from the municipality.
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Figure 2 A model for integrating the digital transformation of an investment and construction
project with the municipal and federal levels

According to Figure 2, the "municipality information system" issues a building request
to construction organizations that, after processing the request, begin the computer-aided
design process (see Figure 1). As part of this process, a 3D model or a "digital twin" of the
future object is created; Revit software is recommended for this since it allows for the
maximum coverage of design processes by forming a single model of the future object (BIM
360) using cloud services. Based on the digital twin of the construction object that is
created, it is possible to ensure the formation of estimated documentation for the project,
which will only be possible with the correct coding of the model elements (Brumana et al,,
2018). The automatic unloading of the required documentation of the PD and RD stages is
also possible. Consequently, the passage of state expertise of construction objects is
significantly accelerated, and the model, together with the documentation, is reentered into
the "information system of the municipality", the evaluation of all the received projects
takes place, and some projects are supported by investments. The generated model can
later be used on the construction site when organizing construction production, and by
reading the elements of the building being erected with the help of a point cloud, it will be
possible to monitor the quality of construction. When organizing such an approach, a visual
and transparent system of the external control of construction is formed, and simulated
objects with financial support can become the basis for the formation of a digital city.

Also, by 2024, it is planned to implement the federal project "Digital Construction,"
which will provide a digital platform for design. The digital construction system is supposed
to speed up the production process of construction enterprises by 30% (URL:
http://varjag.net/rossiya-k-2024-godu-zapustit-sistemu-cifrovoe-stroitelstvo).

When implementing an information system for managing urban development,
including a construction complex, the following key problems can be identified: (1) the lack
of developed standards for regulating digital building modeling; (2) the low level of
employee ownership of software complexes that form BIM at the micro level; (3) the need
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for the continuous professional development of employees; and (4) the poor integration of
some software products. The problems are mainly tied to the BIM standards and the
organization of activities within construction enterprises and organizations; therefore, for
the organization of an information system for urban development management, it is
necessary to provide an integrated approach focused primarily on the micro level of this
chain.

4. Conclusions

In this article, a systematic approach to the management of a construction complex
under the conditions of digitalization was considered from the micro level (the level of
construction organizations and enterprises) to the level of the municipality/region. The
basics of the transition to the digital environment for construction enterprises in
accordance with the six stages identified are defined, and the option of the digitalization of
investment and construction projects is considered in detail. A model for integrating the
digital transformation of an investment and construction project with the municipal and
federal levels is proposed, and the main barriers to the implementation of this model are
identified.

At this stage, the proposed system approach can be used as a basic structure for
managing the information space of construction complexes at the municipal and regional
levels. In addition, using the proposed approach, it is possible to organize the activities of a
large number of stakeholders in accordance with the Strategy of Scientific and
Technological Development of the Russian Federation.

In the future, Moscow, St. Petersburg, and the Moscow Region can organize such a
regional information system in the territories of the Russian Federation, and 53 regions of
Russia are potentially ready, based on the rating of the regions' readiness for the
digitalization of construction complexes (Tereshko etal.,, 2021). In due course, based on the
results of this study, it will be possible to form the structure of an information system for
managing urban development and the space of municipalities, as well as a strategic
approach to managing these digital processes at the municipal and regional levels in the
regions of Russia.
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