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Cost management technologies
for construction projects in the context
of introduction of information modelling

The overall business environment in the country has increased the importance of support for industries and raised “:;,
pressure on the financial system. The construction industry holds a special place due to its set of socio-economic o
objectives, including the construction of housing, medical and education facilities, infrastructure in populated

areas, etc. As of 2022, construction projects are to have digital information models to ensure data exchange

between direct participants in the construction process, and in the course of interaction with state supervisory

authorities. The article addresses the issue of pricing and construction cost estimation; the authors have identified Silka Dmitriy
the factors that prevent information modelling technologies from bringing extensive projected benefits. The authors Nikolaevich,
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emphasize the need for the state standardization of consolidated types of works, that make up a construction
facility. This task is particularly relevant for an extensive list of social facilities, constructed within the framework of
regular government procurement contracts. The compilation of catalogues of work types includes the development
of flow charts and requires the involvement of versatile experts and specialists. Further, if these materials are
available, cost parameters, or standard costs of structural solutions, become necessary and feasible. At present,
there is a tiny set of approved standards, and their number does not grow. Some insignificant results have been
achieved at the corporate level. The reason is the lack of a comprehensive approach, which is addressed in
the article. Given the intensive implementation of information modelling technologies (IMT), IT companies get
more and more involved in addressing the tasks and problems of the construction industry. Hence, they can make

a significant contribution to new cost management technologies.
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INTRODUCTION

hen construction projects are implemented,
Wstakeholders tend to effectively apply infor-

mation modelling technologies and use
various special-purpose tools to automate business
processes of project preparation and implementation.
The main driver of application of information model-
ling software is the responsibility of contractors to
draft the project documentation in the form of digital
models for public contracts implemented as of 2022.
Given that the government procurement far exceeds
commercial construction, digitalization at the stages
of design, construction, and operation of construction
projects is accompanied by numerous grave prob-
lems. Hence, in 2021, the government procurement
under the Federal Law 223 reached 9.3 trillion rubles,
which exceeded the value for previous period by
15 %. Procurement under the Federal Law 44
reached 9.4 trillion rubles, which is 11 % more than in
20207, 2. The shares of construction works and servi-
ces within the framework of Federal Laws 223 and 44
exceeded 80 and 55 %, respectively. Against this
background, the efficiency of information modelling
technologies depends on the availability of informa-
tion and reference materials in the digital form, inclu-
ding, inter alia, libraries of design solutions and cost
standards broken down by types of work. The priority

task is to develop libraries to ensure the efficient ap-
plication of information modelling techniques. Experi-
ence has proven [1-3] that the industry does not pos-
sess such materials in full and the relevance of their
development increases due to the requested transi-
tion to digital models.

MATERIALS AND METHODS

Experts and researchers point out the need to
develop and implement mutually coordinated solu-
tions at all stages of the project life cycle to ensure
an effective transition to building information model-
ling technologies (IMT) [4-6]. BIM is to encourage
the innovative development of the construction in-
dustry [7]. Besides, experts consider independent
functional areas of application of information model-
ling technologies, which are crucial for the work pro-
cess organization at construction enterprises.
Hence, the authors of [6] consider the problem of
enhancing the accuracy of estimates at different
levels of construction projects. The method of con-
struction budgeting using the information modelling
technology is analyzed. Attention is drawn to the fact
that 3D models cannot be used to calculate con-
struction costs. The authors analyzed the break-
down of the workforce cost and its share in con-
struction costs.

1 The volume of procurement in Russia by companies with state participation increased by 15 % in 2021. Date Views: 11.04.2022. URL:
www.tass.ru/ekonomika/13569315?utm_source=rts-tender.ru&utm_medium=referral&utm_campaign=rts-tender.ru&utm_referrer=rts-tender.ru

2 RTS-tender: the volume of purchases of state companies in Russia increased by 15 % in 2021. Date Views: 11.04.2022. URL: www.rts-

tender.ru/about/news/31012022
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The cost analysis, made within the framework of a project simu-
lated as a 3D model, is highly sophisticated, and it takes account of
various architectural, design and other solutions. Given the array of
construction resources, currently available on the market, one
should know that methods of developing and presenting the future
appearance of a construction facility vary. Therefore, selection of
the criteria determining the final project concept to be accepted for
implementation is an important issue. Obviously, cost management
is the key point. In turn, cost management in information modelling
programmes, or BIM, is a rather complex issue. Let’s consider
the principles of building information models to understand its es-
sence.

Development of information modelling systems is a time con-
suming process. It encompasses initial data collection, staff trai-
ning, organization of interaction within and between teams, accu-
mulation of experience, reference materials and libraries of
ready-made 3D solutions, which can significantly accelerate the
design and implementation of a construction project. The experi-
ence of foreign countries [8, 9] shows that companies using sophis-
ticated information modelling systems, including BIM, having been
developing in this field for many years and even decades. Besides,
it is not only the level of development and the capacity of individual
businesses that is crucial, but also the development of private and
public institutions promoting the use of BIM solutions by the indus-
try as a whole and individual enterprises, in particular.

Therefore, the analysis of standard technical documentation in
Russia shows proactive standardization of relevant processes and
regulation of activities. To date, more than eight standards have
been developed, namely GOST R 57310-2016, 57311-2016, 57563-
2017, 57295-2016, 12006-2-2017, 12006-3-2017, 22263-2017,
57309-2016, 58439.1-2019, 58439.2-2019, which regulate:

e information handling guidelines;

* documentation requirements;

* management guidelines;

e data organization and exchange;

* knowledge libraries, etc.

In addition, there are sets of rules SP 301.1325800.2017,
328.1325800.2017, etc., that contain the terminology and require-
ments for an information model, rules of information exchange

between systems, etc. The model has three main levels (Fig. 1)
depending on the applicable rules/regulations, the amount of infor-
mation, the level of complexity of an information model and
the presence of factors that may accelerate the project implementa-
tion. Further, 6D and 7D modelling affects operation stages, re-
pairs, and reconstruction of the facility, etc. Hence, the ability and
willingness of a construction organization to work at each of
the 3-5D levels is a proof of its high competence.

The diagram in Fig. 1 shows that value management is at the top
level. Critical factors that influence the ability of investors, customers,
and contractors, involved in a construction project, to make manage-
ment decisions are concentrated in the value parameters. Therefore,
a construction company must be able to use BIM to promptly evalu-
ate the proposed solutions, select and compare alternative options.
The analysis of the pricing system in the construction industry shows
that the design and estimation method is used for a detailed calcula-
tion of the cost of construction. The method is labour-intensive and
assumes the availability of the readymade design documentation,
including calculations, listed items and amounts of work, etc. Stan-
dard construction prices (SCP) are used to make an initial assess-
ment of the project. The mission of SCP is to provide insight into
the cost of a completed construction facility using its general charac-
teristics. SCP are developed by the Ministry of Construction of Rus-
sia, and the database has SCPs broken down by the types of struc-
tures, including residential buildings, office buildings, educational
facilities, etc. SCPs are the tool employed to calculate the cost of
a construction facility at the stages of contribution of state funds and
disbursement of budget proceeds and schedule the construction
process. If the unit cost of a square meter of a construction facility is
available, its total cost is calculated using the design floor area.
A provisional standard cost indicator is provided in Table 1.

Hence, the final cost of a construction facility represents one
figure, and it is impossible to determine the cost of an individual
component to compare different construction options. The compila-
tion has approximate design solutions illustrated in Fig. 2. For ex-
ample, if piles are used in foundations, and the room partition is
made of gypsum structures, or tongue-and-groove boards. Since
no amounts or costs are specified, it is impossible to make swift
changes in BIM cost modelling.

Table 1. An excerpt from “Consolidated Standard Construction Prices” NTSS 81-02-01-2022. Compilation 01. Residential Buildings

SECTION 3. MULTIFAMILY RESIDENTIAL BUILDINGS
MEDIUM-RISE BUILDINGS (3-5 FLOORS)

Indicator code

Parameter

Construction price as of
01.01.2022, thousand rubles

Indicator: 1 m? of the total floor area of an apartment

Table 01-03-001 Medium-floor residential buildings (3-5 floors) with a precast-monolithic frame

01-03-001-01 Medium-floor panel residential buildings (3-5 floors) with precast-monolithic frame with an apartment area of 48.07
5,100 m?

Table 01-03-002 Medium-floor residential buildings (3-5 floors) made of bricks

Indicator: 1 m? of the total floor area of an apartment

01-03-002-01 Medium-floor residential buildings (3-5 floors) made of bricks with an apartment area of 1,200 m? 67.69

01-03-002-02 Medium-floor residential buildings (3-5 floors) made of bricks with an apartment area of 3,200 m? 50.27

01-03-002-03 Medium-floor residential buildings (3-5 floors) made of bricks with an apartment area of 3,850 m? 43.33
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3D BIM model

Information model executed at the design
stage, it includes 3D geometry of the facility
and attributive data of its components

4D BIM model

facility's change in time
Fig. 1. Evolution of BIM solutions

Another tool that can meet the requirements of cost modelling
is a set of standard prices for structural solutions (SPSS). The re-
gister of standard technical documents of the Ministry of Construc-
tion of Russia has “State Cost Standards”.

Here, consolidated pricing standards applicable to structural so-
lutions “81-02-22-2014) Part 22. Highways” are used®. We can con-
clude that the construction of a facility is broken down into certain
types of independent assignments, and each has cost indicators.
Hence, the construction of roads is broken down into the following
items of work.

Section 01. Site preparation for construction.

Section 02. Road formation.

Section 03. Road wear.

Section 04. Man-made structures.

Section 05. Road furnishing.

Section 06. Installation of sidewalks and curbs.

Section 07. Road service buildings and facilities.

The list of work assignments, cost indicators and standard pri-
ces are provided for each position in each section (see Table 2).

Various alternative structural and design solutions, depending on
the needs of the customer and future users of a construction facility,

Information model drawn on the basis on the 3D model
and supplemented by the solutions on construction
organization as well as realized in the format of

LA
ey bk
5D BIM model

Information model drawn on the basis of the 3D
model and supplemented by the data on the cost
of works and materials

can be assessed using the cost indicators available for individual
types of work. It should be admitted that the principle of deriving cost
indicators for each type of works is widely used in the foreign practice.
In contrast to the method of application of itemized state cost stan-
dards (GESN), a cost indicator allows for a less laborious initial estima-
tion of the cost of a construction facility with a high degree of accuracy,
as all fixed and variable costs are specified in this indicator (including
the projected profit and overheads). The use of itemized state cost
standards (GESN) is possible, as it allows for a clarification in terms of
construction materials, other local issues, and in terms of the budget
documentation, developed on the basis of the design documentation.

There is a strong demand for BIM-linked cost budgeting solu-
tions. The reason is the deficit of resources at state institutions, lack
of research support and task setting, insufficient links with the busi-
ness community. And all these problems should be solved togeth-
er. The following actions must be taken to improve the situation:

1) classification of construction facilities within the framework of
a state order, breakdown of construction work and formation of cost
indicators;

2) identification of types of work, development of flow charts
and their approval within the framework of state reference books,

3 State Estimating Standards Consolidated Standards of the Price of Structural Solutions (NTsKR 81-02-22-2014) Part 22. Automobile roads. Technical part. Date views: 11.04.2022.

URL: www.minstroyrf.gov.ru/docs/10281/?sphrase_id=1545290
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Number Type of works Building material, article, structure

1 Foundation Driven reinforced concrete piles

2 Exterior walls Prefabricated reinforced concrete wall panels, three-layer :|45
3 Interior walls Reinforced concrete interior wall panels

4 Partitions Gypsum tongue-and-groove boards 7

5 Floorslab Multi-hollow reinforced concrete floor slabs ll,OlS

6 Roof (roof covering) Heat-welded roll roofing

7 Floors Wooden, laminated, ceramic, etc. 1,200
8 Window frames Window units :l 180
9 Door frames Wooden, metal, fireproof door units :|60
10 Interior finishing Door units :l 220
11 Other design sclutions Concrete precast-monalithic stairs 16
12 Other design solutions Loggias j 115
13 Engineering networks Galvanized steel water and gas pipes 14
0 500 1,000 1,500

Number of species

Fig. 2. The number of options for a residential building that has 6—10 floors according to Construction Price Standards 81-02-01-2021

for example, itemized state cost standards (GESN), Federal Unit
Rates (FER), etc. Flow charts are needed to:

e systematize work processes, identify the need for resources
to perform construction work on a particular construction site
and develop standard costs for structural solutions (SPSS);

3) maintenance of catalogues of construction resources, which

include all resources available in the SPSS. This approach allows for
the state monitoring of the cost of construction resources in a more
targeted way and focuses on the interests of public customers and

contractors. Currently, there is a system of construction resources
monitoring, which is too general, and, therefore, it does not respond
to the needs of public customers;

4) development of volumetric and quantitative characteristics of
construction resources in flow charts to update various indicators
and have costs monitored by any interested persons.

It should be noted that this work can be only organized at the ini-
tiative of the Ministry of Construction of Russia and its subordinate
structures due to the fact that the development of flow charts and cost

Table 2. An excerpt from the compilation of the standard price of highway design solutions SPSS 81-02-22-2014

Section 01. Site preparation for construction
Table 22-01-001 Tree felling
Composition of work:

08. Loading, moving and unloading of stumps.
Measurement: 100 items

01. Felling of trees. 02. Cutting of bushes. 03. Removal, unhooking, and skidding of tree-long logs. 05. Uprooting of stumps. 06. Shoveling dirt. 07. Area cleaning.

Standard prices (rubles) as of 01.01.2014

Cost indicator
22-01-001-01 22-01-001-02 22-01-001-03 22-01-001-04
Remuneration of construction workers 5,574.53 7,189.14 9,944.15 11,949.10
Operation of machines 8,836.12 9,089.74 11,816.13 13,724.46
Material resources — — — —
Equipment — — — —
Total 14,410.65 16,278.88 21,760.28 25,673.56




HeOBwXnUMOCTb: 3KOHOMUKaA, ynpaeneHue

MexayHapoaHbI Hay4HO-TEXHUHECKUIA XXYpHarn #2 /2022

PROPERTY ECONOMICS AND MANAGEMENT

27

solutions requires a large number of design documentation. Another
important task is to make flow diagrams. This task involves some re-
search as criteria for such diagrams are unavailable. Let's make a list
of basic principles to be applied to the generation of these diagrams.

Firstly, a flow diagram should specify a list of works to be per-
formed on other sites, for example, items of work dealing with
floors, ceilings, walls, foundations, etc.

Secondly, the flow diagram should contain interrelated items of
work. For example, the installation of a monolithic reinforced concrete
floor slab, beams and columns includes the installation of scaffolding
and formwork. In addition, some items of work use gas cylinders,
discs for angle grinders, welding electrons, etc. as materials and re-
sources. It is difficult to assign specific rates to such resources when
a traditional construction work budget, such as the one specified in
the GESN, is made. Therefore, the generalization of work and re-
sources, which in the end allows making a concrete slab with co-
lumns and beams, takes into account all auxiliary processes to iden-
tify a standard price of a particular structural solution. Subsequently,
it expands the capabilities of information modelling (BIM).

RECOMMENDATIONS

Experts believe that over the past three years a quarter of the state
contracts worth more than 4 trillion rubles were terminated, which led
to an increase in problematic construction projects across the country.
The industry predicts that by the end of 2022 the number of broken
contracts will have increased by 20 %*. At the same time, according to
the authors, advanced administrative actions will accelerate the imple-
mentation of IMT and increase the efficiency of construction clearly,
although it will not eliminate any chronic problems. Basically, builders
do not have enough money to complete the work. The approach, pro-
posed by the authors, that is, their proposal to systematize and clas-
sify construction work using flow diagrams is a way to construct
and building pursuant to an order, which is critical to the success of
public construction projects. The basis of this systematization is
a mechanism for preparing materials (libraries), to ensure a faster and
more efficient design development for a construction project via
the use of readymade digitized modules in the 3D format and a swift
state expert examination procedure. Further, standard prices for struc-
tural solutions (SPSS) should become an efficient instrument at
the stage of elaboration of the project concept by the customer within
the limits of the funding. At the earliest stage, such a mechanism ena-
bles to abandon a project concept that will be impossible to implement
in the future. Since the government takes no initiative to intensify
the development of standards, the business community should do it
themselves. Large enterprises, whose errors are extremely expensive,
can develop price standards for design solutions based on their own
experience and completed projects. Further, it is necessary to sum-
marize the budget-related documents, certificates of work performed
and other materials that specify the actual costs incurred in the pro-
cess of construction. A large amount of information and digital data
requires the use of specialized software. In terms of the methodology,
some information can be extracted from the SPSS collections ap-
proved in the past to be updated for the future use. It is also advisable
to address the research undertakings implemented in the past [10-12].

CONCLUSIONS

The current challenge of accelerated transition to information mod-
elling technologies has identified chronic problems in the construction

pricing methodology. The unavailability of tools, needed to identify
costs at all stages of a construction project, limits the implementation
of digital solutions. In addition, since no tasks are set by the state, an-
ticipated ITM benefits cannot be obtained soon. In this regard, the
construction business community, acting in alliance with developers of
specialized software for the construction industry, should concentrate
on developing specialized regulatory and reference libraries. In fact,
they can start developing a system of digital standards for technical
documents. The ability to simulate the cost of a construction facility
using pre-calculated items of work improves the effectiveness of con-
struction concepts, while the transparency of pricing in terms of con-
solidated types of work helps to identify weaknesses in project sched-
ules and manage future risks.
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TexHonorum ynpaBneHusi CTOMMOCTbIO
CTPOMUTEJIbHbIX MPOEKTOB NPU BHEAPEHUM
WH(OPMaALIMOHHOTO MOAENNPOBaHUS

O6uas aKoHOMMYecKash 06CTaHOBKa B CTpaHe AenaeT Kputu-
4Yeckn BaXKHOM NOAAEPXKY OTpacnen, yBenninsas Harpysky Ha
chmHaHcoByto cuctemy. Ocoboe MecTo 3aHMmaeT cdepa CTpo-
MTENbCTBA C MAcCoW CoLManbHO-3KOHOMUYECKMX 3adad, B TOM
yucne No CTPOUTENbLCTBY XWibs, 06LEKTOB MeguLMHbl, obpa-
30BaHuWsA, MHPPACTPYKTYpPbl HACENEHHBIX NYHKTOB 1 ap. C 2022
roga peanus3aums CTPOUTENbHbIX NMPOEKTOB AOSKHA OCYLLECTB-
NATbCA C MNPUMEHEHUEM LMPPOBLIX WMHPOPMALMOHHBIX MO-
nenen ona obmeHa AAHHBIMM Kak MeXAy HemnocpencTBEHHbI-
MU y4aCTHUKaMWU CTpoUTENbCTBa, TakK U npu Baammop,eﬁcmmm
C rocynapCTBEHHbIMW KOHTpPONUpYyoWMMK opraHamu. B cra-
Tbe paccmarpuBaeTcs npobremMa LeHoo6pa3oBaHUsA U CMETHO-
ro HOPMWPOBAHUS CTPOUTENBHOW OEeATEeNbHOCTM W onpepens-
10TCA (haKTOPbl, KOTOPblE NPENATCTBYIOT MOMYHYEHWUIO BbICOKOMO
oxungaemoro addekTa oT MPUMEHEHUsT TEXHONMOrMM NHopma-
LIMOHHOrO MOZENUpPoBaHus. ABTOPbI yKasbiBalOT HA HEOOXOAM-
MOCTb FOCYAApPCTBEHHOM CTaHAapTM3aunMn YKPYNHEHHbIX BU-
00B paboT, N3 KOTOPbIX CKNaablBaeTCsl OO6bEKT CTPOUTENLCTBA.
Oco6eHHO akTyanbHOM AaHHas 3agaqa ABMsfeTcs ANa LUMPOKO-
ro nepe4vHss 06bLEKTOB COLMANIBHOrO Ha3Ha4Y€eHWsl, KOTOPbIE Bbl-
NOJTHAKOTCA B paMKax peryndapHbIX rocyaapCTBeHHbIX 3aKynok.
CospaHue katanoros BMAOB paboT BKOYaeT B ceb6s pa3paboT-
Ky TEXHONIOTMYECKUX KapT M TpebyeT MpUBMEYEHNS SKCMEPTOB
1 CneumanncToB pas3Horo ypoBHs. [anee, npy Hann4Mn Takmx
mMartepuanos HGOﬁXO,EI,I/IMbIM U BO3MOXHbIM CTaHOBUTCA paspa-
60TKa CTOMMOCTHbIX NoKasaTefnen — HOPMaTUBOB LiEHbl KOH-
CTPYKTMBHbIX pelleHui. B HacTosiiee Bpems MMeeTcs nullb
coBcem Hebonbluas YacTb YTBEPXAEHHbIX HOpMaTMBOB. WX co-
cTaB He pacluupsieTcs. HabniogaloTcs He3HaunTelbHble pe3yrb-
TaTbl Ha KOpNopaTMBHOM YpoBHe. MpuyMHa COCTOUT B OTCYTCT-
BUW KOMIMJIEKCHOr0 NOAX0Aa, KOTOPbIA packpbiBaeTcs B cTaTbe.
C yyetom akTuBHOro BHegpenus TUM, IT-komnaHum Ha4nHatoT
BCe 6onblUe BKAYaTbCA B 3a4a4M U NpobnemMbl oTpacnu CTpo-
UTENbCTBA M AN pa3paboTKM HOBbLIX TEXHOJSIOTUIA yrnpaBneHus
CTOMMOCTbIO MOTYT BHECTU CYLLECTBEHHbIV BKNag.

Knro4eBbie cnoBa: TexHonornm nHgopmMaLymnoHHOro MoJennpo-
BaHusi, CTPOUTEILCTBO, CTOUMOCTb CTPOUTESILCTBA, CMETbI, 3KO-
HOMMYecKasi 3¢p(heKTUBHOCTb
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