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Abstract. Owners and construction management are in permanent search to increase competitiveness, reduce cost and time
and maintain a high quality of products and services. In this objective project management tend to organize work execution by
implementing comprehensive, linked and sequential processes, making full use of every work effort and limiting work dupli-
cation and rework. Since the *90s, the 3D-modeling is used to coordinate, plan, build and manage future structures. The BIM
approach proposes to stakeholders to participate in an intelligent centrally shared 3D-model making use of every contribution
to this model, facilitating the coordination, solving the interfaces, reducing duplication efforts and carrying the developed data
information throughout the life cycle of the structure and beyond the construction phase. Completing a complex structure
requires an important level of design management and coordination of the interface between architect, designer, mechanic,
electrician, and other designers. Basic input is required from equipment suppliers. Now, for a good reason, everyone in charge
of the process is focused on achieving their process with less cost and less time. Thus, he inadvertently reduces the effort
associated with surrounding or subsequent actions, and focuses on his main result. For example, structural engineering deve-
loping a 3D-model will focus on clean structural design focusing on structural continuity, geometry identification, and calcu-
lation model for finite elements of software. Likewise, a mechanical engineer will model plumbing and mechanical networks
for fabrication and installation purposes. It is the same with other design disciplines.
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3D-MOZl6ﬂl/lpOBaHl/Ie AJA FJKUSHCHHOTI'0 ITUKJIA COOPYKCHUS

) )

JIoKT. TexH. HayK, npod. C. H. Jleonosuu", maructp Texn. nayk JK. Puamn’

')Beﬂopyccm/lﬁ HAIIMOHAJBHBIN TeXHUYEeCKHA yHUBepcuTeT (MuHCK, Pecrrybnnka benapycs)

Pedepar. COOCTBEHHUKH M PyKOBOJUTEIN CTPOUTEIBCTBA HAXOSTCS B IIOCTOSHHOM IIPOLIECCE MOBBILECHHST KOHKYPEHTOCIIO-
COOHOCTH, COKpAIIIEHHs 3aTpaT ¥ BPEMEHH, ITO/ICP>KaHMS BRICOKOTO KauecTBa MPOIYKIHHX U yciIyT. Llens ynpanenns npoek-
TaMH1 — OPraHU30BaTh BHIMOJHEHUE PAa0OT IyTeM peai3allii KOMIUIEKCHBIX, CBSI3aHHBIX U ITOCIIEA0BATEIBHBIX MEPONIPUATHIA,
B MIOJHOM Mepe HCIONB30BaTh OrpaHndeHus nyonuposanus nepenenok. C 1990-x rogos 3D-moxenupoBaHue HCIOIb3YeTCs
VIS KOOPIMHALINH, TUTAHUPOBAHUS, CO3AHMS 1 SKCIUTyaTaluu Oyayiiero coopyxkenus. BIM-nonxon npeuiaraet 3anHTepecoBaH-
HBIM CTOpPOHaM YYacTBOBaTh B 0OmmIeH WHTEIeKTyanbHOH 3D-Mozmenu, obnerdas KOOpAMHAIMIO, pellas HHTEPQEHCHI,
YMEHBIIAasl YCHJIMS 110 JTyOJIMPOBAHHIO U COXPaHSs HHPOPMAIMIO O pa3pabOTaHHBIX JAHHBIX HA IPOTSDKEHUH BCETO KM3HEHHOTO
IIMKJIa KOHCTPYKIIMK U TI0 3aBEPILICHUN dTara CTPOHUTENLCTBA. U BBITOIHEHHS CJIOXKHOM CTPYKTYpPBI B3aUMOJEHCTBIS HE00X0-
JIMMBbI BHICOKHII ypOBEHb YIpPaBJICHHS POSKTUPOBAHUEM M KOOPAMHALMSA MHTEepdeiica Mex/Iy apXUTEKTOPOM, KOHCTPYKTOPOM,
MEXaHHKOM, SJIEKTPUKOM M JPYTHMHU MPOEKTHPOBIIMKaMH. OT MOCTABIIMKOB 000OpY/AOBaHHs TPeOYIOTCS OCHOBHBIC BXO/HbIC
JaHHBIE. B CBSI3M C 9TUM K&K/l OTBETCTBEHHBIH 3a MPOLECC HAIENeH Ha JOCTIKEHHE COOCTBEHHOTO Pe3yJIbTaTa ¢ MEHBIIHMHU
3aTpaTaMd ¥ BpPEMEHEM WCIIONHEHHUs. TeM caMbIM OH HelpeJHAMEPEHHO COKpAaIlaeT YCHIIMS, CBSI3aHHBIE C COIYTCTBYIOIIMMH
JEACTBUSIMH, U COCPEZIOTOYMBACTCS HA CBOEM OCHOBHOM pe3yJibTaTe. Hampumep, cTpyKTypHas MHXEHepHs, pa3pabaTbiBaroras
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3D-mozenb, Oyner HaueneHa Ha YHUCTBIH CTPYKTYPHBIH JHU3aiiH, OPHEHTHPYSCh Ha HEIPEPHIBHOCTh KOHCTPYKLIMH, HICHTH(HKA-
IIMIO TEOMETPHH ¥ MOJIENb pacyera Ul KOHEYHBIX JJIEMEHTOB IIpOrpaMMHoOro obecriedeHus. TOUHO Tak jxe OyIyT MOJEIPOBATh-

Cs1 BOAOIIPOBOAHLBIE U APYTUEC CETU AJIA U3rOTOBJICHUSA U MOHTAXa.

KnioueBsble ciioBa: 3D-MonennpoBanye, )XU3HEHHBIH UK, HHGOpPMaMOHHast Mozes 3nanus (BIM)

Just uurupoBanus: Jleonosuu, C. H. 3D-monenupoBanue 1s sxu3HeHHOTO 1uKina coopyxkenus / C. H. Jleonosuu, XK. Pua-
i // Hayka u mexuuka. 2021. T. 20, Ne 1. C. 5-9. https://doi.org/10.21122/2227-1031-2021-20-1-5-9

Foreword

3D-models and associated data can provide
rapid material take-off and cost estimates. Changes
in estimated quantities can be effectively tracked
and corrected in a timely manner with each design
change. The cost of purchased equipment and paid
subcontractors can also be specified in the model.
Availability, quality control, and work acceptance
can be linked to the model and automatically return
a progress report. Visually, on-site 3D-model with
attributive information (such as cost code and work
breakdown WBS codes) will help you properly report
costs and minimize errors in cost management and
scheduled reporting. The 3D-model will help in esti-
mating and managing costs, known as 5D BIM.

While currently the center of a construction
project is oriented to a document control center,
the building information model (BIM) proposes the
use of a central shared 3D-model with attributed
information as an efficient replacement. Construc-
tion productivity has been flat for decades, accor-
ding to McKinsey research (Fig. 1) [1]. The con-
cept-and-design phase is where the most project
value can be gained or lost. A better project man-
agement and technological innovation is required to
improve the productivity. This article is to highlight
the concept and the utility of BIM [2, 3]. It is desig-
nated to project managers, owners, educational,
design or construction professionals to improve
making a preliminary decision.
Overview of productivity improvement over time
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Fig. 1. Productivity in manufacturing versus productivity
in construction per McKinsey and Company

Case study

The execution of a complex structure requires
an important level of design management and in-

6

terface coordination between the architect, struc-
tural, mechanical, electrical and other designers.
Key input data is required from equipment ven-
dors. Now for a good reason each process respon-
sible targets achieving his process at lower cost
and shorter time. By doing so, he unintentionally,
reduces efforts in surrounding or succeeding activi-
ties and focus on his main deliverable. The structu-
ral engineering, for example, developing a 3D-model
will target a pure structural design focusing on struc-
tural continuity, geometry identification and calcula-
tion model for finite element software. Similarly,
the mechanical engineer will model plumbing and
mechanical networks for fabrication and installation
purposes. Same with other design disciplines.

Or many of these efforts, if maintained or
amended slightly forward, can be a major prepara-
tion to an efficient engineering interface resolution
management. Looking further, these same 3D-mo-
dels, if handed over adequately to construction and
operations, will provide a great input to use.

For instance, construction can use the 3D-model
to plan construction sequences, concrete lifts,
dimensioning of formwork, detailing of reinforce-
ment steel or steel structure installation sequence.
Visualization of the construction sequence and
timing window of each subcontractor can help iden-
tify any error or omission in the sequencing. Visually
allocated space can be analyzed to fit construction
equipment and identify accesses. The land surveying
team will reduce his efforts in geometry calcula-
tion and use the model for the layout erection and
verification. Surveying equipment has developed
their interface software and machinery to accom-
modate BIM. The 3D-model will be linked to a
construction schedule known as 4D BIM.

The 3D-models and associated data can pro-
duce quick material take-off and cost estimates.
Changes to estimated quantities can be efficiently
monitored and timely adjusted with each design
change. Cost of procured equipment and paid sub-
contractors can also be posted in the model. Readi-
ness, quality control and work acceptance can be
linked to the model and return the work progress
report automated. A visual availability on site of
the 3D-model with attributed information (like cost
code and Work Breakdown Structure (WBS)
codes) will assist in correctly reporting costs and
minimize errors to cost control and time sheet
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reporting. The 3D-model will assist in estimates
and cost management known as the 5D BIM.

After the construction is achieved, the final as
built models can efficiently be used in the facility
management and maintenance. The building space
usage and management can be efficiently planned
on the virtual model. It assists in analyzing the
energy building performance and conduct required
optimization. The maintenance team equipped with
virtual reality tools can maximize the efficiency
of maintenance works. Service quality of freeways
and even city roads with cameras linked to GPS can
report repair and maintenance needs. The 3D-model
and attributed data will assist in the facility’s opera-
tion, sustainability and maintenance. This is known
as the 6D BIM (Fig. 2) [4].
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Fig. 2. The six dimensions of BIM

So, what is BIM

The building information model, called BIM,
is a model-based organization of structures’ produc-
tion and management processes. It is a centralized
integrated model and data environment for stake-
holder’s collaboration. Developing 3D-design in
a single software is just the level-1 of BIM. BIM
is a hub of execution collaboration, interfaces
and continuity. The 3D-model and its attribute data

become the core of the information and exchan-
ges (Fig 3). BIM is not a new software, it is a logic
optimization of the efforts and extending the use
of existing software by using the 3D-model and
information data as a shared core [5]. More and
more BIM applications are opening the possibili-
ties for more collaboration, accessibility and func-
tionality in all aspects of management [6, 7].
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Fig. 3. BIM models + Data & BIM applications
in lifecycle use

It is not new that, to reduce cost and time, orga-
nizations aim to develop management processes
compatible and intercommunicating. Imagine now
BIM creating this open space for development
providing real visualization and applications with
a wide range of services.

The sequence of design execution is planned
based on the interface coordination and the input
sequencing needs (Fig 4). Order of priority and early
required information are scheduled to provide timely
input to further development. Complete sequencing
is planned to achieve the full scope of activities.

Responsibilities and sequences in design development
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Fig. 4. Basic presentation of design planning
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When BIM is advantageous

We provided above a brief description of BIM
beneficial use. Owners and contractors need to run
a cost-benefit analysis to assess the advantage of
using BIM on their projects.

The complexity of the project including interfaces
between different designers, prefabrication, crowded
layout, complex existing conditions, overlay se-
quencing of work execution, use of automated execu-
tion processes, intelligent and geographically oriented
construction tools and equipment, dynamic space
changing, efficient facility management, highly
responsive maintenance service, will definitely justify
the implementation of BIM-technology.

The BIM literature describes the BIM-process
as a front-loaded schedule of work. This means
that significant cost is to be spent at the earlier
stage of the work and namely the earlier design
stage. Personally, we disagree with this statement.
The work load distribution depends on how the
owner or the designer organize their work execu-
tion. For instance, when the design is at a prelimi-
nary stage, input to BIM can be limited to a basic
level of development like LOD-100 (Fig. 5).

Gathered site data and basic presentation of pre-
liminary geometry (called 35 % design) can be
enough at the preliminary stage. Even at a final stage
of the design (100 %), the BIM model can be limited
to a low (LOD-200) or medium (LOD-300) level of
development [8]. This judgment shall be based on the
specific needs to have a higher level of development
for succeeding activities. It is common to limit the
details of civil works to a LOD-300.

By organizing the LOD for each design deve-
lopment stage, efforts can be spread to minimize

spending upfront when technical decisions are not
yet finalized. This does not differ from the classic
design execution approaches. With BIM, probably
a slight increase in cost will be due to the learning
curve in implementing the new technology. This
cost increase shall be compensated by eliminating
the waste of produced efforts at the design stage
and making a further use of it during construction
and facility management. The correct implementa-
tion of BIM will reduce cost in rework and plan-
ning errors.

The value of BIM for owners is to save time
and money on design and construction and make
return benefice during the building lifecycle. Gene-
ral design-build contractors can also make benefice
in implementing BIM through the design and con-
struction phases.

BIM’s challenges and opportunities

In many countries governments and authority
agencies are lacking behind and haven’t yet deve-
loped the legal environment for BIM implementation.
The form of approval involving professional regis-
tered engineers is not yet formalized. Receiving work
permitting from authorized agencies is not yet
accepted in the form of a 3D-model (Fig. 6) [8, 9].

The majority of design engineers and techni-
cians are not yet comfortable submitting a formal
design in BIM formats with electronic signatures.
Decisions are to be made regarding the format
of the technical specifications. Most of the experi-
mented construction personnel have not been
trained to read and use BIM models. Many compa-
nies will need additional investments in training
and equipment to implement BIM technologies.
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LOD-100 LOD-200 LOD-300 LOD-400 LOD-500
Preliminary Definitive Definitive Definitive As-built
layout layout layout layout layout
Rough size Preliminary Detailed Detailed As-built
and geometry dimensions dimensions dimensions dimensions

Preliminary Material Material As-built
material specification specification material
Detailed Detailed specification
shape shape Water
Detailed proofing
reinforcement records

Fig. 5. Levels of development in BIM: LODs = LOD + LOI; Level of development = Level of details + Level of information
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While the 3D-model is the core, applications
have missed providing other alternative ways of
accessing specific information. The table of con-
tents or the structured trees for an alternative
searching method like most of users are familiar
with Microsoft Explorer.

Level-3
Level-2
Level-1
tegrated model

Basic CAD Design in 3D In

model sed by all
Local clash holders
detection As ecycle
management
Future potential

Fig. 6. Levels of maturity of BIM

Applications for access control and change autho-
rity is becoming an actual challenge. Open BIM
versus closed BIM and information security and
control, servers’ locations and backup of infor-
mation still to be elaborated to accommodate secu-
rity needs.

Vanguard countries are developing digital
standards to achieving compatibility, so companies
can work with any software that fits their needs
and stay compatible with each other.

Development and research companies are com-
peting on completing missing BIM application to
support the project lifetime processes. The open
nature of BIM applications opens the opportunity
for small developers [3, 10].

CONCLUSION

BIM technology is relatively recent and is still
progressing. Software developers are creating new
applications and advancing existing ones. Const-
ruction equipment is increasing automation and
georeferenced reading which increase their produc-
tivity. Land surveying equipment increases its
capability of scanning of existing conditions
and reporting relatively clear 3D-shapes. Design
3D-models are downloaded in land survey machi-
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nery and easily used for the site erection. Execu-
tion schedule can be viewed in video format for
better analysis and decision-making. Tablets with
virtual reality are used for construction and main-
tenance activities. New application help identifying
design clashes, quantity take off and costs. The work
acceptance and quality control are documented
with links and references to the virtual 3D-model.
The technological progress is continuing its matu-
ration and fine-tuning of these processes are pro-
gressing daily. Governments and organizations
making use of this technology will be advantaged
compared to others.

REFERENCES

1. The Construction Productivity Imperative. McKin-
sey&Company. Available at: https://www.mckinsey.com/
business-functions/operations/our-insights/the-construction-
productivity-imperative. (Accessed 14 January 2019).

2. Le BIM: Signification, Definition et Explications. Objectif
BIM. Available at: https://objectif-bim.com/index.php/bim-
maquette-numerique/le-bim-en-bref/la-definition-du-bim.
(Accessed 16 January 2019).

3. Bentley Search. Available at: https://www.bentley.com/.
(Accessed 15 January 2019).

4. List of BIM Sofiware & Providers. Available at: http://www.
cad-addict.com/2010/03/list-of-bim-software-providers.html.
(Accessed 13 January 2019).

5. What is BIM? Autodesk. Available at: https://www.
autodesk.ru/solutions/bim. (Accessed 15 January 2019).
(in Russian).

6. BimObject. Available at: https://www.bimobject.com/.
(Accessed 15 January 2019).

7. Civil Infrastructure Strategic Foresight. Aufodesk. Availa-
ble at: https://www.autodesk.com/solutions/bim/hub/infra
structure-digital-foresight. (Accessed 15 January 2019).

8. BIM Dimensions — 3D, 4D, 5D, 6D BIM Explained. NBS.
Available at: https://www.thenbs.com/knowledge/bim-dimensi
ons-3d-4d-5d-6d-bim-explained. (Accessed 11 January 2019).

9. BIM Levels Explained. NBS. Available at: https://www.
thenbs.com/knowledge/bim-levels-explained.  (Accessed
11 January 2019).

10. BIM: How we Build Builders at the Construction Site —
Data Mining. Available at: https://umumble.com/blogs/
data_mining/bim%3A-how-we-build-builders-at-the-const
ruction-site/. (Accessed 11 January 2019).

Received: 31.01.2019
Accepted: 17.09.2020
Published online: 29.01.2021

9

Science and Technique. V. 20, No 1 (2021



