TECHNOLOGY AND ORGANIZATION OF BUILDING PRODUCTION

UDC 69.05 : 658.513 : 721.021 DOI: 10.31650/2415-377X-2021-85-137-144

APPLICATION OF THE APPROACH TO CREATE AN INFORMATION
CONSTRUCTION MODEL AT THE PRE-DESIGN STAGE OF INVESTMENT AND
CONSTRUCTION PROJECTS

'Chertkov O.Y., PhD, Assistant Professor,
chertoleg1954@gmail.com, ORCID: 0000-0002-7206-4535
'Khokhriakova D.O., PhD, Assistant Professor,
khokhriakova.do@knuba.edu.ua, ORCID: 0000-0002-9257-5703
Kyiv National University of Civil Engineering and Architecture
31, Povitroflotsky Ave., Kyiv, 03037, Ukraine

Abstract. At the present stage of development of the construction industry, steps to improve the
efficiency of investment and construction projects can no longer be considered outside the context of
construction information modeling technologies. Today, one of the main criteria for optimizing work
on investment and construction projects is to reduce the time spent searching, working out and
agreeing on spatial, financial, and temporal information about the construction object, therefore, the
issue of the correct organization of information modeling of a construction site is quite relevant.

In most cases, the design assignment is drawn up in the form given in Appendix B DBN A 2.2-2-
2014 and is formal in nature. The presence of a design assignment, drawn up using the tools proposed
below, reflects the thoroughness of the customer's elaboration of an investment and construction
project, and reduces the risks of its implementation. The proposed methodology is based on three
components of counter design, such as disaggregation, aggregation, and decomposition, from which its
name — DAD —approach comes from. Allocation of structural elements in the structure of a building by
disaggregation (analysis of alternative options) allows to create its model in the form of a hierarchical
structure consisting of detailed and mutually synchronized parts - the configuration of the building. In
accordance with the configuration of the construction site, hierarchical numbering is further reflected at
all stages of design and in all its sections, incl. stamps of drawings and local estimates. This creates a
unified system of interconnection and control of project sections. The creation of a construction site
configuration in the form of a tree model with hierarchically numbered elements at the pre-design stage
allows it to be applied at subsequent stages of the life cycle of a construction object in information
modeling technologies. The use of the DAD — approach in counter-design is intended to increase the
efficiency of the implementation of investment and construction projects.

Keywords: investment and construction project, information modeling of construction, pre-
design stage, DAD — approach, disaggregation.

Introduction. At the current stage of development of the construction industry, steps to
improve the efficiency of investment construction projects (ICP) can no longer be considered
outside the context of site information modeling (SIM) technologies. The end result of the MTC is
to ensure the safety and efficiency of implementation during all stages of the life cycle of the
construction cycle.

Today, one of the main criteria for optimizing the work on the ICP is to reduce the time to
search for, process and coordinate spatial, financial and temporal information about the construction
site, so the question of proper organization of the ICP is quite relevant.

According to the already established practice, the life cycle of a project is determined as the
time between the inception of the project and the moment of its finalization. However, even within
the national legal framework, there is no single approach to dividing the project implementation
process into stages, and there is a mismatch of terminology and stages of the life cycle between
national and European international standards.
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The ICP implementation process can be divided into four stages: pre-investment research,
investments stage, operation and liquidation of the facility. Moreover, the authors attribute the
development of design and estimate documentation (DED) to the investment stage. In this paper, we
will focus on the first two.

The experience of pre-investment research shows that construction projects are developed on
the basis of a deterministic model, which incorporates provision for certain sales of construction
products, investment and time costs. Uncertainties that are present and drive constant changes in the
project hinder the achievement of these indicators. Therefore, only 5% of ICP are implemented
according to the usage of pre-planned resources and adherence to time and cost indicators.

The aforementioned indicates that the development of methods to improve the efficiency of
ICP during conditions of uncertainty possess great practical and scientific interest.

Analysis of recent research and publications. Methodical and theoretical problems of
optimizing the cost and risks of investment projects are reflected in the following papers such as
S.A. Ushatsky, V.O. Pokolenko, O.A. Tuhay [1], R.B. Tian [2], V.F. Zalunin, E.Yu. Antipenko,
V.1. Donenko [3] and others [4].

Decision-making models on investing in the construction industry have been considered by
G.V. Gorchakivska, G.I. Semenova, B.O. Michels, B.M. Lytvyn and others [5].

The work of O.A. Tuhay [6] and T.O. Stadnikova [7, 8], which defines the classification
criteria and proposed a scheme that systematizes the factors of uncertainty in the construction
industry, proposed a system of methods of formalized description of uncertainties, studied the
dependence of ICP estimation models on their uniqueness.

In the framework of research on improving the technology of information modeling of
buildings (BIM) using the concept of "construction management template”, conducted by
O.1. Menelyuk and O.L. Nikiforov [9], proposed the basic and functional schemes of use of
information tools in management and the scheme of interaction of construction participants in
knowledge management using the presented concept.

According to the authors, the above-mentioned publications do not sufficiently disclose the
issues of creating an information construction model at the pre-project stage of investment and
construction projects.

The research purpose. Proposal for the use of a tool for the data preparation for construction
at the pre-investment stage to improve the efficiency of the ICP.

Research methodology. At the pre-investment stage, the customer faces many uncertainties, the
manifestation of which is key to the the effectiveness of construction projects [8]. In this study,
uncertainty should be determined in terms of incomplete and inaccurate information about the
construction site, such as inadequate provision of details at the design stage of the project.

Pre-investment studies include the process of preparation of a large volume of documents,
including but not limited to: project scheme, an agreement between project participants, engineering
opinion, report on the results of analysis of alternatives, feasibility study, expert opinion of
consulting firm, expert opinion of the investor, project financing agreement, etc.

Legal conflicts that occur during the preparation of urban development conditions and
restrictions — the main component of the initial data for design [10], negatively affect the quality of
the documents provided and induce emergence of additional uncertainties.

It is important to prepare a scheme of the project, which determines the composition of the
construction in the form of an explication and is the basis for further preparation of the design task.
Currently, in most cases, the design task is elaborated in the form given in Annex B of DBN A 2.2-
2-2014 and is of a formal nature.

Insufficiently detailed description of the task leads to serious risks and errors during the
implementation of the ICP, on the other hand excessively detailed description — to significant time
and money consumption, which reduces the effectiveness of project management itself.

The availability of a design task compiled using the tools provided below reflects the
thoroughness of the ICP customer's processing and reduces the risk of its implementation.

The proposed methodology (Fig. 1) is based on three components of counter-design, such as
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disaggregation, aggregation and decomposition, from which the name was derived — DAD approach
[11].

Determination of structural elements of the construction object via disaggregation (analysis of
alternatives) allows to create the model in the form of a hierarchical structures consisting of detailed
and synchronized parts — the configuration of the construction object.

Creating a configuration of the construction object at the initiation pre-project stage allows the
customer to better understand the implementation of the ICP, convey to the project executor their
ideas, and make more informed decisions, which reduces uncertainty and minimizes changes in the
project. Thus the aforementioned faciliaties the achievement of business results.

Disaggregation
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Fig. 1. Scheme of counter-design based on disaggregation, aggregation and decomposition

The initial stage of the DAD approach is the process of disaggregation (Table 1 below):
— thorough analysis of an output data;

— study of documentation of comparative objects;

— usage of experience of other relevant construction organizations;

— application of the methods of expert assessments.

Table 1 — Scheme of the disaggregation process

Disaggregation
1. Breakdown of the construction 2. Configuration of .
. . . Approval by the project
object :> the construction [ manager
object
1.1. Division of the construction 2.1. Collection and 3.1. The construction object
project into separate objects, sub- accumulation of data | is considered configured if
objects and significant in of the construction the project is approved by
architectural-planning and structural | objects and its the manager according to the
blocks; elements. following:
1.2. Compilation of a tree-like model | 2.2. Optimization of | — tree-like model with a
with hierarchically numbered the primary model. hierarchical structure;
elements. — ICP implementation
schedule.

Examples of building complexes with hierarchically numbered components are shown in
Figures 2-3.
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a) 0)
Fig. 2. Example of the breakdown of the second urban complex in the neighborhood:
a) in the traditional way; b) with hierarchical numbering

i
A - y

Fig. 3. Example of the breakdown of the entry group

When configuring the structure at the initial pre-design stage, decisions on structural systems,
products, materials, utilities and equipment are made by the customer on the basis of open source
information from companies — mainly manufacturers and digital libraries.

Research results. The composition of the DED of construction objects based on existing
requirements is traditionally:

— end-to-end and disordered;

— documents reflecting current changes in the project are numbered sequentially, i.e. not
linked to the original numbering.

Current state of affairs contributes to the filling of communication gaps between the
participants of the ICP and the components of the DED. The proposed tool helps the customer to
formulate design tasks and differentiate the requirements for the components of the construction
object (main purpose, auxiliary and other service purposes, energy consumption, transport and
communications, external networks, etc.) so that contractors have more detailed and comprehensive
development of its sections.

According to the configuration of the structure (Fig. 4), the hierarchical numbering is further
displayed at all stages of a design (EP/TEO, P, RP, P) and in all its sections, including brands of
blueprints (TX, AR, AB, KB, KM, OV, VK, ETR, POB, etc.) and local estimates. This creates a
unified system of interconnection and control of project sections.
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Fig. 4. General view of the configuration of the construction object

Due to the peculiarities of construction production, continuous changes that will be made to
the project will be expected.

During the development of the project, clarification of the new information inputs and
configurations facilitates interaction between all participants in the process, which reduces the
number of errors during the duration of the project, reduces time spent and ensures that the project
has the quality of a desired level.

Numerous marketing studies prove that the dependence of forecast costs on forecast
efficiency is asymptotic.

As per aforementioned — the effectiveness of the DAD approach can be explained in the
figure below (Fig. 5).
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Fig. 5. Dependence of forecasted costs and time verses accuracy

Analyzing the development of the construction object according to the time/cost duration for its
development, we can conclude that at the redesign stage by the method of expert assessments in the
process of disaggregation can achieve 70-80% certainty with minimal wastage of time and money.

After the disaggregation is completed, the deployment of the following stages of the pre-
investment stage begins: development of the initial business plan for a design project, preparation of
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tender documents, etc.

Conclusion. The use of a DAD approach in counter-design is theoretically reliable and
practically realizable and is designed to increase the efficiency of ICP implementation.

The configuration of the construction site can be used as a basis for design documentation,
thereby reducing the time for its development.

Thorough study of the composition of construction objects allows us to detail the composition
of the future DED as much as possible, forms the structure of local estimates and, accordingly,
increases the accuracy of economic calculations.

The creation of a construction site configuration in the form of a tree-like model with
hierarchically numbered elements within the framework of pre-investment research allows it to be
used in BIM technologies.

Further research will be aimed at improving the SIM technologies using DAD approach for
application at subsequent stages of the life cycle of a construction object.
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AHoranis. Ha cywacHOoMy etami po3BUTKY OymiBelIbHOI rajgy3i KpOKH 3 TiABUIICHHS
e(EeKTUBHOCTI 1HBECTHLIHHO-OYIIBEIIbHUX MPOEKTIB, BXE HE MOXYTh PpO3IJSAATUCS 11032
KOHTEKCTOM TEXHOJIOTIH iH(popMaliiHoro mMojenoBaHHs OymoBu. ChOTOJHI OJHUM 13 TOJOBHHX
KpUTEpiiB onTuMizallii poOOTH HaJl IHBECTHLIHHO-0Y/[IBEIbHUMH POEKTAMU € 3MEHIIEHHS Yacy Ha
TIOIITYK, OIPAI[fOBaHHS Ta Y3TOJKEHHsI TPOCTOPOBOi, (piHAaHCOBOI Ta 4acoBoOi iHGopMarlii mpo 00'eKT
OyIIBHUIITBA, TOMY MHUTAHHA KOPEKTHOI OpraHizaiii iHpopMaifHOro MoJe/toBaHHs OyAiBHUIITBA
LIJIKOM aKTyaJbHe.

VY OUIBIIOCTI BUNIAJIKIB 3aBJAaHHS Ha MPOEKTYBAHHS CKJIAJA€THCSA 32 (POPMOIO, HABEACHOI Y
nogatky b JIBH A 2.2-2-2014, Ta wmae ¢opmanbHuii xapaktep. HasBHICTH 3aBHaHHA Ha
MPOEKTYBAHHS CKJIAJICHOTO 32 JIOTIOMOTOIO 3alPOITIOHOBAHOTO HIDKYE 1HCTPYMEHTapiio BigoOpakae
PETENbHICTh OMPAIIOBAaHHS 3aMOBHUKOM 1HBECTHIIMHO-OYAIBEIBHOTO MPOEKTY Ta 3HUKYE PUIUKH
foro peanizanii. OCHOBOIO 3alPOINIOHOBAHOI METOJMKH € TPU CKJIAJIOB1 3yCTPIYHOTO MPOEKTYBAHHS,
TaKi K Je3arperarisi, arperaiis Ta JSKOMITO3HUIIis, BiJ SKUX 1 MOXOauTh i1 Ha3Ba — JIAJl — miaxin.
Buninennss B ckmami  OyfoBM CTPYKTYPHHX €IEMEHTIB HUIAXOM Je3arperaiii (aHamisy
b TEPHATHBHUX BAPIiaHTIB) J1a€ 3MOT'Y CTBOPUTH ii MOJEINb Y BUIJISIII i€pApXi4HOI CTPYKTYpPH, IO
CKJIAJAa€ThCSl 13 JEeTaJbHUX Ta B3aEMOCHHXPOHI30BAaHMX YacTUH — KOHQIrypamito OyJOBH.
BinnmoBigHo 10 koHdirypamii OyoBU iepapXiyHa HyMepallis B MOAATBIIOMY BiIOOpa)ka€Tbcsl Ha
BCIX CTaisfiX MPOEKTYBAaHHSA 1 Yy BCIX HOro posjaiiiax, y T.4. MapKax KpeclieHb 1 JIOKaJIbHHUX
komropucax. lle CTBOpro€E €aUHY CHUCTEMY B3a€EMO3B’A3KY 1 KOHTPOJIO PO3AUIB MPOEKTY.
CrBopeHHs KoH(irypaumii OygoBM Yy BUIVIAAl JEpEeBONOMIOHOI Mojaeni 3  1€papXiyHO
MPOHYMEPOBAaHMMHU €JIEMEHTAMH Ha TEPEINPOEKTHIA CTaaii JO3BOJISIE 3aCTOCOBYBAaTH 1ii Ha
NOJAIBIIMX eTamax >KUTTEBOrO MMKIY 00’€kTa OyAIBHMIITBA B TEXHOJOTIAX 1H(OpMAaIiitHOrO
MojenoBaHHsA. 3actocyBaHHs JIAJ] — migxoay mif 4ac 3yCTPIYHOTO NPOEKTYBAHHS IOKJIMKaHE
30UIBIINTH €(EKTUBHICTD peati3allii IHBeCTHIIHHO-0y/1iBEIIbHUX MTPOEKTIB.

Kurouosi ciioBa: iHBeCTUIIHHO-Oy/A1BEIbHUN MPOEKT, 1HGOpMaIIiHE MOJIETIOBaHHS Oy/l10BH,
nepeanpoekTHa cramis, JAJl — miaxia, nezarperairis.
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AnHoTanusi. Ha coBpeMeHHOM 3Tarne pa3BUTHs CTPOUTENBHOW OTPACHIH ILATH II0 MOBBILICHUIO
3 PEKTUBHOCTH WHBECTHIIMOHHO-CTPOUTENBHBIX IMPOEKTOB YK€ HE MOIYT paccMaTpHBaThCS BHE
KOHTEKCTa TEXHOJIOTHH MH(OPMAIIIOHHOTO MOJEIUPOBaHMs CTPOoiku. CeroaHsi OJHUM M3 TJIaBHBIX
KPUTEPUEB ONTUMHU3ALMKU pPabOThl HAJ WMHBECTULIMOHHO-CTPOUTEIILHBIMU IPOEKTAMH  SIBJISETCS
YMEHBILIEHHE BPEMEHM Ha MOUCK, MPOpPabOTKy M COIJacOBaHHE MPOCTPAHCTBEHHOH, (UHAHCOBOM U
BpeMEHHOW MH(oOpManuu 00 0O0BEKTE CTPOMTENIBCTBA, MO3TOMY BONPOC KOPPEKTHOW OpraHu3aliu
MH()OPMALMOHHOTO MOJEITMPOBAHUS CTPOMKH BIIOJIHE AKTYaJIeH.

B GonpmHCTBE CiTydaeB 3aaHue Ha MPOSKTUPOBAHUE COCTABIACTCS 10 popMe, IPUBEICHHON B
npuwiokeann b JIBH A 2.2-2-2014, u HocuT ¢opmanbHblii Xapaktep. Hammuwme 3amanus Ha
IIPOEKTUPOBAHUE COCTABJIEHHOIO C TIOMOLIbIO IPEIaraéMoro HHMKE HWHCTPYMEHTApHsl OTpaKaeT
TIIATEIbHOCTh MPOPAOOTKH 3aKa3YMKOM MHBECTULIMOHHO-CTPOUTENILHOTO MPOEKTAa U CHUXKACT PUCKU
ero peanu3zauuu. OCHOBOM IpelylaraéMod METOAMKH SIBJIIOTCS TPU COCTaBJISIOIIME BCTPEYHOIO
IIPOEKTUPOBAHUS, TAKUE KAK J€3arperalys, arperauus U JeKOMIIO3ULUS, OT KOTOPBIX W IIPOUCXOIUT
ee Ha3Banue — J{AJl — moxaxon. BeineneHue B cocraBe CTPOMKHM CTPYKTYpPHBIX 3JIEMEHTOB ITyTEM
Jesarperauuy (aHajM3a aJbTEpHAaTUBHBIX BapUaHTOB) IO3BOJSIET CO3JaThb €€ MOJEIb B BUJE
UEePapXUUECKOW CTPYKTYphl, COCTOSILEH W3 AETAIBHBIX U B3aUMOCHHXPOHHU3UPOBAHHBIX YacTeW —
KoH(purypauuio crpoiiku. B coorBeTcTBUM ¢ KOH(MUTypaLuei CTpoiiku nepapxudeckas HymMepalus B
JAIbHEUIIEM OTPAYKAeTCs HAa BCEX CTAQUSIX MPOEKTUPOBAHMSA U BO BCEX €ro paslenax, B T.4. MapKax
YepTeKel U JOKalIbHBIX CMETaX. JTO CO3JaeT €AWHYI0 CUCTEMY B3aHMOCBSI3U M KOHTPOJIS pa3/iesioB
npoekTta. Co3gaHue KOH(QUIypalMM CTPOMKM B BHJIE JPEBOBUAHOM MOJENU C HEpapXUUYECKU
IIPOHYMEPOBAHHBIMU JIEMEHTaMH Ha MPEIIPOSKTHOM CTaJuu TO3BOJIAET NPUMEHAThH €€ Ha
MOCHEAYIOIMX  3Tarnax O KU3HEHHOTOo IMKJIa OObEeKTa  CTPOUTENbCTBA B TEXHOJIOTHSAX
uHpopManmonHoro Mosenuposanus. [lpumenenue 1Al — nmoaxona npu BCTPEYHOM MTPOEKTUPOBAHUM
MPU3BaHO YBEIMUYHUTH 3(P(PEKTUBHOCTD PEATU3ALNN HHBECTHLIMOHHO-CTPOUTEBHBIX TPOEKTOB.

KiroueBble  cjioBa:  MHBECTHIIMOHHO-CTPOUTENBHBI  MPOEKT,  MHGOPMAIMOHHOE
MOJICIMPOBAHUE CTPOUKH, IpennpoekTHas craaus, JIAJl — moaxon, nesarperammusi.
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