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Abstract. Building Information Modelling (BIM) proves to be the most
urgent trend in construction for the last years. Still the major part of this
issue is dedicated only to the first stages of building lifecycle: design and
construction. This article goal is to provide a critical overview on recent
achievements in BIM application for the different steps of building
lifecycle as well as ongoing digitalization of facility management. The
paper explores the importance of applying mathematical modelling and
multicriteria analysis such as Analytical Hierarchy Process (AHP) and
fuzzy logic in management of built environment and provides recent
examples of such applications consequently exploring its potential. Method
of analysis in this article is horizontal analysis of publication activity in
related research topic. Different levels of digital built environment are
considered: from building (BIM) to the whole city (GIS). The result of the
research reveal that emergence of scan-to-BIM technology brings benefits
not only for the buildings which are designed with BIM models (current
situation in the market) but for the buildings which are already built (as-
built BIM).

1 Introduction

Building Information Modelling is a phenomena that has been quickly reshaping the
construction sector for the last years [1]. The number of SCOPUS indexed articles
mentioning “bim” and “building information modelling” is reaching a thousand a year but
still most of these articles are dedicated to the design or construction phase of the project.
Construction industry is considered slow to adopt changes [2] due to its complexity so
taking into account the fact that information modelling is quiet modern direction in the built
environment studies it is clear that adaptations slowly start form the basic construction
stages. Still there are significant achievements and potential in exploring information
modelling from the management and maintenance point of view. Ilter et al. classify the
direction of BIM development in terms of maintenance and refurbishment on the scale of
one building in following subdirections: building survey and as-built BIM, modelling and
managing energy, design assessment, access to and integration of maintenance information
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and knowledge, and information exchange and interoperability [3]. Multicriteria analysis
techniques such as analytical hierarchy process theory and fuzzy logic are used not only in
GIS studies but also on a building level. Still Antucheviciene et al. point out that civil
engineering issues under uncertainty are rarely discussed [4]. The researchers highlight
following areas of civil engineering: design of sustainable and energy efficient buildings,
building information modelling, and assurance of security and safety of built property.

This article is dedicated to covering the current state of information modelling in
maintenance and management of built environment with particular focus on the way in
which such methods as multicriteria analysis or fuzzy logic can be benchmarked from pure
mathematical studies.

2 Methods

As the study is dedicated to the review of how information modelling is used in terms of
management of built environment and how often AHP or fuzzy sets are used in this terms,
the method is based on the analysis of existing literature as well as the achievements of
public sector in the considered issue.

A significant literature review concerning the topic of BIM in existing building has been
published five years ago [5] Unlike the research work of Volk et al. our study focuses on
the ways in which mathematical analysis can be applied in terms of BIM for existing
building.

The investigation process has been deconstructed in the following subcategories:

o multicriteria analysis and GIS (digital twins of cities) for site selection;

¢ BIM in management of built environment, digitalization of facility management;

e scan-to-BIM technology;

o BIM-GIS integration (digital twin hierarchy in concept of Smart City).

We consider it necessary to view lifecycle of a building on several levels of digital built
environment: from BIM to GIS. An example of achieved results in exploring the GIS-
related study (site-selection) as an input for the BIM lifecycle of the building is presented in
the next chapter. The study has been carried out using ArcGIS and MathCAD software.

The review has been mostly held using the articles included in SCOPUS database. The
current state of multicriteria analysis and information modelling in management of built
environment has been assessed using such techniques as horizontal analysis of publication
activity, which is normally used in financial studies.

3 Results

The results of the review are organized respectively to the subdivision mentioned above.

3.1 Multicriteria Analysis and GIS for site selection

The survey of the literature in SCOPUS database has shown the following results
(fig.1). The graph above demonstrates that among those articles which discover the topics
of site selection in geoinformation system environment the share of research which use
multicriteria analysis is growing permanently and by the current year almost half of the
GIS-site-selection papers inevitably discuss multicriteria decision making. The above
mentioned share is growing not proportionally to the total number of articles which is
assumed to represent the research interest.

There are numerous examples of the benefits from applying multicriteria analysis and
fuzzy logic in site selection. The combination of these techniques provides an opportunity
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to explore more deeply the heterogeneous nature of qualitative and quantitative distribution
of factors in the urban land [6].
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Fig. 1. Research activity in topics of multicriteria decision making among the articles mentioning GIS
and site selection as of August, 2019

The significance of applying analytical hierarchy process theory in site selection process
using the largest scale of built environment information modelling (GIS) has proved itself
already [7]. The multicriteria nature of urban transformations may be assessed from several
points of view: economic, ecological [8], social, technological, political, etc.
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Fig. 2. Application of analytical hierarchy process method in the site-selection task in geoinformation
system environment (Saint Petersburg case study)
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The figure above is a practical result of a site-selection case study in Saint-Petersburg
carried out using ArcGIS and MathCAD software and based on a spatial data and
multicriteria analysis (AHP). The basic steps of theoretical base of the developed method
has been discussed earlier [7]. The result above represents the site suitability calculated
according to the input requirements of the potential building. The AHP rating of the
municipal authorities has been calculated according to the formula 1 below and later linked
to the ArcGIS software through automatic connection by the name of a municipal authority.

Parp X Wanp = Raup (1)

where Papp are the performances of municipal authorities assessed as the eigenvectors

of matrixes of AHP pairwise comparisons by several criteria, Wpp is the eigenvector of

matrix of pairwise AHP comparisons of criteria weights, Rapp is the rating of municipal
authorities.

The parameters used in the multicriteria analysis in GIS shall become the information
used in the management of digital twin as it affects the properties of the built environment
component.

3.2 BIM and management of built environment. Digitalization of the facility
management.

Building information modelling starts to be integrated not only in construction and design
but also in maintenance and management [9].
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Fig. 3. Research activity in topics of multicriteria decision making among the articles mentioning
BIM as of August, 2019

The search of BIM-related articles have been carried out as follows: among the articles
mentioning words building, information and modelling have been selected the ones which
mention exactly the word “BIM”.

Still the potential of integrating multicriteria decision making techniques such as AHP
or fuzzy logic is not quietly developed. The graph above represents the small number of
SCOPUS articles mentioning “AHP” or “MCDM” (multicriteria decision making) or
“fuzzy” among those mentioning “building information modelling” and “bim”. Even
though the percentage is low there is a clear trend if increasing interest in the MCDM in the
BIM studies according to the proportional vertical analysis.

Considering the idea of the three levels of facility management as: strategic, tactical and
operational it can be considered the digitalization in the three parts of the process.

The research must also include the relationship between the BIM and the management
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of the built environment, considering both an aspect of scale (of the building and urban)
[10] or of impact on the design of services. It should not be forgotten that the management
of the built environment, like the facility management, must not be limited to maintenance
management alone. Facility management is the set of services for the person, the building
and the business [11] The aspect of innovation is fundamental when the information is
usable by those who must manage the real estate assets, without leading to a "data
paradox", which is an excess of data but little possibility of obtaining information useful for
the management of the building at operational level and asset management at strategic asset
management level. [12] Another important aspect is that of interoperability and the
possibility of using this approach for civil works that are not properly those easy to access
for BIM and the technologies mentioned. [13] Those aspects represent the boarders of the
traditional BIM applications and must be considered as the true vision for a development of
a set of technologies that can serve any aspect of the built environment management: from
building management to asset management, from civil engineering works to urban facility
management.

The survey of the literature in SCOPUS database has shown the following results (see
figure 4):

The research interest in the topics of building information modelling is growing for the
last ten years not proportionally to the number of papers mentioning facility management. It
means that each year more and more articles which discuss facility management inevitably
mention building information modelling.
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Fig. 4. Research activity in topics of building information modelling among articles mentioning
facility management as of August, 2019

The search of BIM-related articles has been carried out as follows: among the articles
mentioning words building, information and modelling have been selected the ones which
mention exactly the word “BIM”.

In order to identify the articles mentioning facility management the search has been
focused on the exact combination of words “facility management” due to the fact that the
initial search of the words “facility” and “management” separately has shown numerous
articles from other scientific fields not related with construction.
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3.3 Scan-to-BIM technology

The scanning of point clouds and creation of BIM models of existing buildings and
buildings under construction can be considered as an input for digital asset management or
digital facility management.

The number of papers mentioning scan-to-BIM keeps on growing for the last years:

25
20

15

21
12 13
10
4
| 2 3 2
: 0
R O B =

2011 2012 2013 2014 2015 2016 2017 2018 2019

(9]

Fig. 5. Number of articles mentioning “scan-to-BIM” indexed in SCOPUS as of August, 2019.

Taking into account that by the August, 2019 the number of articles indexed in Scopus
in current year is already 21, it is possible to assume that it will almost double by the end of
the year.

Scan-to-BIM technology is one of the major innovations [14] in construction industry.
Even though essentially scan-to-BIM technology is linked to historical buildings and
scanning the existing buildings, there are some researches in the urban open space scanning
[15]. The researches proves the assumption that open urban space scanning can provide
significant savings in terms of both time and cost for public tender, maintenance and
construction cost. The border between two layers of built environment is considered in this
case: building and the whole city.

Another challenge which is now widely discussed is the transformation of the point
clouds obtained through laser scanning into useful information, usable for the management
process [16]. One of the current researches focuses on the case study comparing two
possible methods: Advanced 3D modelling and using Revit BIM software [17], going to the
conclusion that having both advantages and disadvantages, both methods shall better be
used in a combination. Current achievements of transferring scanned point clouds into
actual objects provide the methods such voxel grid [18] which automatically generates
proposals for scanned objects: beam, column, roof, stairs, window frame, etc.

Time-consuming scan-to-BIM process needs to be optimized, so necessary add-inns for
the most used BIM software such as Revit are currently developed [19].

3.4 BIM-GIS integration

As it is described in the first subchapter site selection process carried out with the help of
geoinformation system environment can be considered as an input for BIM environment as
the area and the site influence the properties of the building. It is an example of linkage
between BIM and GIS environments: two different levels of built environment
digitalization, building and city respectively. GIS data are the input for criteria in site
selection which transforms into BIM data in the beginning of building lifecycle [20] linking
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for example environmental data on different layers. The linkages between the software
commonly used in BIM and GIS, such as IFC and shapefiles respectively are currently
improving [21].
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Fig. 6. Research activity in topic of GIS among the articles mentioning BIM as of August, 2019

The figure above summarizes the recent research interest on the intersection of BIM and
GIS. The increasing share of articles mentioning both geoinformation systems and building
information modelling illustrates the integration of built environment digitalization on
various levels from city to a single building.

4 Conclusions

Modern digitalization of built environment is currently taking place among several layers
starting with the elements of the building in building information modelling (BIM)
environment and finishing with the whole city or regional territories in geoinformation
system (GIS) environment while the research interest in the intersection of this two fields of
study keeps on growing. Practical applications of digital built environment imply
multicriteria decision making more each year. Still these methods or fuzzy logic are more
frequently found in GIS studies rather than BIM. The BIM and GIS data are related as
levels of digital built environment, output data from one of these layers might be an input
for another. This novel approach is proven by the example of site selection method
developed in GIS environment but providing a result for the beginning of a BIM-lifecycle
of a building. Digitalization of facility management can make building maintenance
cheaper and optimize real estate management which means that the emergence of scan-to-
BIM technology might bring benefits not only for the buildings which are designed with
BIM models (current situation in the market) but for the buildings which are already built
(as-built BIM).
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