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A B S T R A C T   

The use of BIM in the architecture, engineering, construction and operation (AECO) industry is 
becoming increasingly widespread. Nevertheless, interoperability with Computerized Mainte-
nance Management Systems (CMMS) remains a significant challenge in the domain. Furthermore, 
available applications require high expertise to correctly implement the data export, don’t allow 
incremental database updates and are overall non-cost-effective, moreover in the case of small 
and medium-sized structures. At the same time, given the need to invest in a more sustainable 
built environment, it is necessary to consider the whole lifecycle of constructions, including the 
operation and maintenance phase, while designing. In the framework of this scenario, the paper 
presents a research work which defines a method to implement interoperability between BIM and 
CMMS software by using the IFC open standard, to allow an easier management of buildings, from 
design to decommissioning. This method, devised to be as feasible as possible, combines an 
operational procedure and a practical tool. The work was supported by the software house 
Prometeo Srl and the Facility Management company GEMMO SpA. The method was developed 
based on the Feltre Hospital (Italy) and results, that were technically validated through an ad hoc 
BIM model, can be used by other practitioners to further implement the method in other research.   

1. Introduction 

BIM systems – defined as ‘shared digital representation of a built asset to facilitate design, construction and operation processes to 
form a reliable basis for decisions’ [1] - are becoming increasingly popular, both as an approach and as a tool, to be applied and utilized 
in the design phases of the building process. The use of BIM systems allows stakeholders to reach an effective and direct interaction 
between several disciplines and specialist skills, in particular within architectural design, structural design, and plant design. This 
allows for an integrated design approach where different fields contribute to defining all the design aspects organically - from the 
compositional ones to the technological and engineering ones. 

The BIM project, informed by various design components (e.g., structural model, HVAC systems, architectural model), is increas-
ingly approaching the concept of ‘digital twin’ towards a complete virtual representation of a real building which comprises its spatial 
aspects and the physical objects within [2]. In such a scenario it becomes logical to take advantage of BIM in the construction phase to 
create a single digital project which works as a hub for all the information necessary for the erection of a building. For the same reason, 
the design and construction management phases are increasingly taking advantage of the potential offered by BIM tools [3–6]. 

In recent years, however, in an environmentally conscious design perspective the concept of sustainable design is paying increasing 
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attention to the building’s life cycle [7–9]. The project must therefore evaluate both the usage phase (considered as the period during 
which energy is used and maintenance is needed, and therefore it is a time of renewal of materials and components) and the 
decommissioning phase, during which, besides energy consumption, there is ‘waste’ of materials. Therefore, designing a sustainable 
building can no longer disregard the planning of its entire life cycle. 

In this new scenario, where the design stage and the operation and maintenance phase are no longer separate but are inter-
connected, BIM systems can play a relevant role. A project developed in BIM can be used in the construction phase and can be updated 
in real time with any variation with respect to the original project, despite it currently being a big challenge. Subsequently, the up-to- 
date BIM model (As-Built model), which is supposed to be validated by professionals who participated in the work, can be used in the 
operation and maintenance phase. This can also include the decommissioning of the building: the information held and updated in the 
digital model during the various maintenance activities can supply all the necessary inputs for the pre-demolition audit [10]. 

Nevertheless, this process of using the BIM model also in the operation and maintenance phase presents difficulties when imple-
mented in a real environment [11,12]. The exchange of information between the design, construction, and operation and maintenance 
phases is not always easy to manage, especially when different competencies and specialized software are involved [13–15]. Thus, it is 
essential to think in terms of interoperability between applications, where interoperability is to be read as ‘the ability to manage and 
communicate electronic product and project data between collaborating firms and within individual companies’ design, construction, 
maintenance, and business process systems’ (NIST, 2004) and not only in term of software. 

The operation and maintenance phase nowadays is characterized, in terms of digital tools, by the use of CMMS (Computerized 
Maintenance Management System) software. Their role is to create and maintain an up-to-date database of information for the 
buildings’ maintenance operations. To date, the information contained within the CMMS software is then used by the maintenance 
staff to conduct their work more effectively and efficiently while allowing them to make informed decisions about their tasks. A further 
function of CMMS software is to facilitate the verification of the compliance of installed plants with both internal technological update 
requests and current regulations, enabling timely intervention in the event of modifications or updates to standards. Some of the main 
uses of CMMS software are: creation of a log of the tasks already conducted, as well as active ones and those planned for routine 
maintenance; tracking of the jobs completed and assigned to each maintenance man, to optimize the management of available re-
sources; supplies storage management. 

Unfortunately, as Shalabi and Turkan [16] state ‘current Facility Management systems are lacking interoperability capabilities and 
are operated by different teams resulting in poor data coordination and management’. Thus, it is necessary to find ways of imple-
menting a structured and functional tool that allows such missing interoperability. 

Considering what has been said above, the difficulties of including the operation and maintenance phase within a single and 
interoperable process, inherent to the entire life cycle of the building and based on BIM models, have a double origin. Firstly, a 
procedural one, that is linked to the existing practice of considering the operation and maintenance phase isolated and independent 
from the design phase. Secondly, a technical one, due to the difficulty of using the information that can be found in the BIM model 
within the CMMS software since they use different standards in terms of metadata and of logic of definition of the building structure. 
Until these obstacles are overcome, they will function as a hinder for the spread of procedures based on interoperability and integrated 
use of BIM systems within operational and maintenance processes. 

The work presented in this paper raises from the request of Facility Managers to have a simple, but at the same time, effective 
method to use BIM data to populate the CMMS database, allowing access to such useful information for the operation and maintenance 
phase. Existing standard procedures, on the contrary, require too much effort compared to the investment when applied to modest- 
sized structures, resulting in a non-cost-effective process. The hereby presented work was developed from specific requests and a 
real case: the Feltre Hospital in Italy. Validation was undertaken using a BIM model specially designed to test some system 
characteristics. 

Building on the experience of the two companies that participated in the project – the software house Prometeo Srl and the Facility 
Management company GEMMO SpA, it emerged that the data and linked information of the BIM model that are nowadays used in most 
operation and maintenance activities are limited in number. In fact, most of the sites’ maintenance information derived from BIM are 
mainly aimed at the definition of the building spatial environments (e.g., rooms, floors) according to a hierarchical order. Classifi-
cation and mapping of all the information related to equipment, systems, and technical elements of the building are then usually 
delegated to field survey operations. Even if a BIM model is used to also obtain equipment data, the activity of field survey, in jargon 
called ‘census’, is not a phase that can be renounced: relying only on data from the project model is not a viable way to have absolute 
certainty of the situation. In fact, almost always there are differences, especially at the level of plants and technical elements, between 
the project documents and the completed building. Although the practice of As Built has decreased this divergence, field verification is 
always necessary as Angers [17] and Adams [18] already stated. 

It is however true that, in a process based on the automatic import of buildings’ data (spatial and technical), the census could be 
configured as a ‘verification’ of the data coming from the BIM. Nowadays the census involves two activities: the first one being the 
import of the data into BIM, and the second one involves their verification; with a more coordinated and maintenance-oriented system 
that presents a complete BIM model and selects and exports only desired data, it would be necessary to carry out only the second of 
these activities. It is, therefore, necessary to define a simplified procedure that meets the needs of users, so that BIM models can become 
a real resource and opportunity. This is not the situation today. BIM presents a complex set of information that is difficult to manage 
and is not strictly related to Facility Management. As Carnero and Novés [19] pointed out, these difficulties occur mainly in the 
management of small and medium-sized structures with limited maintenance budgets and, as the involved company confirmed, this 
statement is still true today. In these cases, overly complex BIM and CMMS interface software systems discourage their application and 
therefore ‘traditional’ approaches are used without integration of the two phases - construction and maintenance - with the 
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functionalities of the different systems. 
In this context, the research purpose was therefore to develop an ‘integrated method’, to improve the effectiveness and usability of 

BIM standards in operational and maintenance phases, based on: 

• A simplified ‘operational procedure’ that improves interoperability between BIM and CMMS software by also exploiting a ‘tax-
onomy’ that defines both the spatial aspects of a building (i.e., building site, building, floor, room) and the objects and elements 
that need maintenance and that are comprised in it (e.g., electrical plug, lamp, window);  

• A practical tool based on an application programming interface (API) to automatically import needed BIM information into CMMS 
systems. 

2. State of the art and challenges 

2.1. Standards and interoperability 

In analyzing the state of the art, the first issue addressed was linked to the use of different BIM software in the design phase and how 
interoperability between them is managed. This analysis aimed at understanding which metadata standards are used and how these are 
organized, to find the most suitable one to transfer information directly to CMMS software databases [20–23]. 

About this topic Sampaio and Gomes [24], in their analysis of interoperability between different BIM software, studied how native 
transfer is possible with programs from the same developer, while the other possible transfer option between BIM software is the use of 
the IFC open data schema, that today is a consolidated standard. Furthermore, they state that there is a level of inadequacy when 
combining models from different sectors - e.g., from structural calculations to architectural modeling. In any case, IFC is the only 
common language for BIM software but, since there are different IFC releases, there can be a compatibility issue based on the type of 
IFC used [25]. One example was given by Trzeciak and Borrmann [26]. They analyzed how AllPlan does not support Revit imports of 
‘IFC 4’, while ‘IFC 2 × 3’ imports can be used. On the other hand, AllPlan supports both ‘IFC 4’ and ‘IFC 2 × 3’ as exporting formats, and 
Revit recognizes both when importing. Nevertheless, such differences are related to the model in the BIM environment, and not to the 
IFC data structure. Since the incongruity lies within the 3D model, it means that it is possible to use IFC as the base for full inter-
operability within the complete lifecycle of buildings. Thus, from the literature emerges that IFC is the right type of metadata to be used 
for interoperability [27,28]. 

In spite of this, ‘not all the relevant standard-related aspects are always respected as they should be [and given that] this results in 
heterogeneous IFC solutions for similar situations which significantly hinders interoperability’ [29]. Being aware of this possible 
interoperability issue it can be deduced that it is necessary to find a correspondence of data between IFC and CMMS databases based on 
minimum requirements. 

2.2. BIM to CMMS: COBie 

The most common format for data transfer from BIM to CMMS nowadays is the COBie standard. This standard was developed by 
East [30] to improve how information is captured during the design and construction phases to inform operation and maintenance, and 
to allow the elimination of the paper documentation needed by Facility Managers following the completion of a project. Since COBie 
works within the framework of BIM systems, for its development the Model View Definition (MVD) approach - which formally defines 
a subset of the IFC entities and attributes that are needed to satisfy one or many exchange requirements in BIM systems - was 
considered [31]. COBie was further developed to be built upon the IFC open data schema [32] and nowadays it is a standard MVD and a 
subset of the IFC schema. 

Nevertheless, despite being a well-established MVD standard for BIM and CMMS interoperability, in order for COBie to function at 
its best, it is necessary to have the BIM model enriched with all the data that will be used during the operation and maintenance phase. 
On the contrary, it may be necessary to supplement the existing BIM model before importing it into the CMMS software. Lavy and 
Jawadekar [33]. studied that when first developed COBie proved to be beneficial as a data handover tool, to avoid interoperability 
problems, and as a universal data repository. Later, when BIM software developers implemented the COBie plug-in (a tool that im-
plements the COBie standard through a user-friendly user interface within most common BIM software), they adapted it for com-
mercial needs by changing some of its characteristics to make it more immediate for users from a UI point of view. Such user interface 
changes resulted in a complication in the use of the COBie standard due to the request for many preference settings before the export. 
Indeed, to reach the expected benefits of avoiding the paper version of maintenance documentation, there is the need to start the 
database formulation early in the design phase. In more recent times Kumar and Ai Lin Teo [34] retested COBie to check if the benefits 
were still surpassing the possible disadvantages since, as they say, ‘there is a paucity in published literature, which discusses in detail 
about the various issues associated with COBie datasheet handling’. Their study showed how COBie nowadays has some main 
characteristics that can make it obsolete for certain uses: (i) it has high manual data entry requirement, (ii) the COBie plug-in interface 
in the BIM environment is not user-friendly in its logic of filling in data and (iii) there is a lack of mechanisms to check missing in-
formation. This analysis [34] shows how, firstly, the COBie plug-in is not fully automated and the required attribute values, even when 
implemented in BIM, are not automatically selected by it. COBie needs to be set for it to select and export the needed values. Secondly, 
it is not possible to add all descriptive information (e.g., technical sheets, use manual) since the data capturing goes beyond the limits 
of BIM models. Such problem is not related to COBie itself, but it is related to the logic of functioning of the BIM model. In fact, 
populating the model with all needed operation and maintenance information would result, in many cases, in a file too heavy to work 
with due to hardware limitations. This heaviness would make it difficult also to export the resulting document even if the chosen 
format is a.csv file (COBie allows to export data in different formats but.csv is the most common). Concerning the lack of a mechanism 
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to check missing information, it is a predominant issue since the only way to verify whether all the hierarchal information is captured 
or not is by doing it manually [35]. Lastly, not all data useful for the construction phase might be of use for the operation and 
maintenance phase but, when exporting from BIM with COBie, all of them are incorporated within the IFC file. Hence, it raises the need 
of finding a simplified alternative to transfer IFC in CMMS database, since the COBie export system generates an overpopulated file. 

2.3. Data management of buildings’ spatial aspects 

There are some issues related to spatial aspects that have emerged from the BIM software user community and which are reported 
below. 

A common issue that regards the export of a BIM model into CMMS is related to the spatial aspects of the building. CMMS databases 
have a hierarchical subdivision of the structures that usually involve rooms, levels, buildings, complexes of buildings, etc. Sometimes 
this hierarchy is variable and can be freely defined by users. In fact, such subdivision might work both with ‘unassigned’ levels (to be 
able to fit different cases e.g., an office building with multiple levels and rooms, or a warehouse that consists of an isolated building 
with an ‘empty’ space) or with ‘assigned’ levels that are organized based on needs. This last database management option does not 
guarantee a perfect match between the IFC schema and the CMMS database, resulting in the need for a further setting of the data after 
the BIM data export. Indeed, the absence of a 1-1 mapping is not an IFC lack, but it is a general interoperability issue that needs to be 
addressed. 

In the same way, the positioning of different elements within a specific space needs to be carefully studied when defining the BIM 
model to keep their position once the IFC document is exported. This is because, from a CMMS database logic, each element or object 
subjected to maintenance has to be placed in a specific location even if components like electrical cables or HVAC channels might cross 
many rooms and belong to a full level of a building and not to a single space. This software logic is opposite to the BIM one where 
objects and elements can belong to different spaces. 

Furthermore, the data structure of BIM systems does not recognize different buildings as belonging to the same complex of 
buildings if these are drawn within a single model, but there is the need of managing the complexes through a single CMMS database. 
Several users have encountered this problem and a possible solution was subsequently integrated into the manuals and help centers of 
software manufacturers, as they suggested solving the problem by creating different models so that it is possible to have separate 
metadata for each building. This aspect also turned out to be critical for CMMS data import and therefore, in the work hereby pre-
sented, the question of how to manage IFC to converge different buildings into the same complex during conversion and import within 
the CMMS database is addressed. 

2.4. CMMS database maintenance 

A particular investigated aspect related to CMMS software is database maintenance. As Abdalaal and Shukri [36] studied, it is 
widely recognized that the time and effort needed to select and implement CMMS are well spent given the benefits and savings they 
offer in managing the maintenance function, but constant attention must be given to keeping the system up to date and supplied with 
input data. Nevertheless, this aspect is not always immediate since assets changes take place after the implementation and deployment 
of the CMMS database. If new and updated data comes from the revised BIM model, it is usually necessary to make a complete update 
of the CMMS database. This issue has been confirmed by Facility Managers and CMMS software developers. 

When something concerning spatial aspects is changed within the BIM model after the completion of the building, it might create 
mismatches within the CMMS database, thus making it necessary to fully re-import the needed information. This results in the need to 
re-doing a complete import of a new database each time that something changes to avoid possible issues. Therefore, it emerges the 
necessity of developing a strategy that allows to adopt an incremental update of the CMMS database based on subsequent updates of 
the BIM model. 

2.5. Challenges 

The review described above, on one hand, confirmed the criticalities anticipated in the introduction and, on the other hand, it 
permitted to identify specific challenges to face allowing to deal with them adequately.  

• The first aspect to be tackled is technical and concerns the difficulty of using the information of the BIM model to generate the 
CMMS database. As studied in subparagraph 2.3 such difficulties include the (i) reproduction, in the CMMS database, of the 
geometric-spatial definition of the building and the various rooms (and their relation and link with floors, buildings, and building 
sites), the (ii) classification of the objects and elements subject to maintenance, and the (iii) positioning of such assets within a 
specific room. Such technicalities need labor force to implement and check an overly detailed BIM model and the resulting COBie 
export.  

• The second point to handle covers both technical and procedural aspects. In fact, for the operation and maintenance phase not to be 
independent and disconnected from the design phase, it is necessary that the database of the CMMS software can derive directly 
from the BIM model without further verification or manual adjustment of the data. Indeed, as described in the introduction and 
paragraph 2.2, manual verification becomes a cumbersome and lengthy procedure, discouraging the use of BIM for maintenance.  

• A further matter, as presented in paragraph 2.3, is the updating of the CMMS database following changes to the original BIM model 
due to modifications (e.g., extensions, maintenance, changes in the functions of certain parts of the building) of the building 
components. Such procedure is time-consuming and therefore not convenient for most contexts.  

• Lastly, there is a procedural aspect that should be simplified: it concerns the implications of the interoperability requirements on 
the production phase of the BIM model. As analyzed in paragraph 2.2 tasks needed for the interoperability with CMMS software 
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might be too heavy – or are not within the competence - for the BIM designer, whose primary objective is the production of a model 
for the design and construction phase of the building. Such difficulties often lead to missing information that would be useful for the 
operation and maintenance phase. 

3. Methodology 

3.1. Research objectives 

Considering the emerged criticalities and related challenges, a series of specific objectives and requirements was defined to reach 
the research purpose; they are:  

1. A data output structure that is not only feasible and obtained independently of the BIM authoring software, but that also uses a 
common ‘taxonomy’ to describe the building spatial aspects considering an operation and maintenance perspective.  

2. A user-friendly IFC-CMMS import procedure that is easy to use, needs few intermediate checks while preparing the BIM model, and 
needs no final sample output control when data are exported from BIM systems.  

3. A tool that can handle changes or modifications of the original BIM model without having to re-import all data in the CMMS 
database.  

4. Simple BIM modeling requirements, which do not introduce too many constraints and are therefore easily used and accepted by 
BIM designers during the building design phase.  

5. Definition of a strategy to allow easy management of building complexes through a single conversion and import activity. 

The first feature stems from a need for interoperability between different operators who often have different digital tools at their 
disposal. Such need is not something new, but the aim is that of further simplify the needed procedure. It was therefore decided to work 
based on IFC metadata since it is recognized by the main BIM modeling software and the use of IFC already allows the exchange of 
information on the same building between different BIM software as studied by Sampaio and Gomes [24]. 

Given the presence of different CMMS software on the market, which have different database logics, it is necessary to evaluate a 
‘common’ BIM and CMMS ‘taxonomy’ – to be understood as a database structure – to replicate the strategy here presented to other 
programs as well. This feature is needed because CMMS software adopts different classifications and hierarchical trees with names that 
often do not coincide with the content (e.g., some developers name levels with ‘plant’ and others with ‘level’). Based on this 
knowledge, which is linked to the previous feature and to the tree structure of the IFC that resembles the links of records within a 
database, it was decided to apply the logic already recognized by BIM software to create easier data imports for the maintenance 
software. 

Regarding the aim of having a user-friendly import procedure, currently plug-ins to implement the COBie standard are used to 
export IFC data before their import in CMMS database. This double procedure, the first of selection before export and the second of 
import, has two distinct moments that can create difficulties for end users: (i) the preliminary phase of setting of basic data before 
exporting, and (ii) the manual verification of what has been exported. Regarding the first, it starts before the design of the architectural 
model and is not functional for the design of the 3D model nor the CMMS database but without it, it is not possible to export the 
necessary data. For example, Fig. 1 shows examples of the COBie data export setup page UI in Revit as: setting of the parameters for the 
datasheet; link of the IfcSpace to the Zones and Rooms for the COBie datasheet; setting of which parameters to use when exporting 
COBie fields. The second, at the moment, is unavoidable given the presence of an enormous amount of data that may present duplicate 
or missing information, as explained in subparagraph 2.2. 

To overcome the abovementioned end users’ difficulties, a solution could be of selecting the needed IFC within the CMMS software 
instead of doing a pre-selection within the BIM framework. By selecting data during the import phase there are two benefits: (i) it is 
already known what data the Facility Manager needs, and (ii) it is possible to pick necessary asset data without constrainedly importing 
all non-FM-related information populating the BIM model. This combination avoids the population of the CMMS database with un-
necessary information and can make the whole process more feasible. 

Fig. 1. Screenshots of the UI COBie extension for Revit with part of the many settings to check and information to add to have a correct data export.  
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The third objective considers the average life of buildings and their facilities, and consequently the possibility that they will un-
dergo changes or upgrades during their period of use. It is, therefore, necessary to be flexible and capable of managing possible changes 
to the assets that can undergo maintenance e.g., two rooms merged into one or an addition to the existing building. This adaptability, 
however, must not result in repetitions of the entire procedure, but rather in updates or additions of data within the existing database 
without having to delete and rewrite it for each possible change. 

Regarding the fourth challenge, it considers the need to guide designers to manage BIM models in anticipation of their use for 
Facility Management purposes. As already mentioned above, the new procedure starts from the idea that almost all data is filled in by 
the designers with normal data entry, but it will be necessary to add extra actions, or additional strategies, to obtain a BIM model 
compatible with the requests of maintenance software. However, these extra actions should be reduced to the minimum to keep the 
procedure user-friendly and acceptable to BIM designers of the architectural model. This also helps to reduce the amount of time spent 
preparing the BIM model. 

Finally, linked to the management of the BIM model, the effort of preparing different drawings for each building of a building 
complex should be kept at minimum, and the CMMS database should be able to select the needed data as autonomously as possible. 

3.2. Method 

The development of the practical tool and operational procedure was based on a four-step approach (Fig. 2). 
The first step was the definition of a simple but, at the same time, agreeable CMMS data structure and corresponding ‘taxonomy’ to 

describe the building’s spatial aspects, recalling as closely as possible reality, and being able to adapt to as many types of buildings. The 
method was to study existing software and their functionalities. The necessary information was then collected through a comparison 
with a company that deals with Facility Management (GEMMO SpA an Italian company specialized in Facility Management for 
different-sized companies) and uses various CMMS software already on the market. After cataloging the functions required by the 
Facility Manager it was possible to hypothesize a ‘taxonomy’ that would allow a data structure and software logic adaptable to the 
various cases that can be encountered in the maintenance field. The information collection carried out with GEMMO referred to a real 
structure whose maintenance they are responsible for: the Feltre Hospital. Given the complexity and importance of hospital infra-
structure, it was taken as a real case for the development phase of the tool and procedure. 

The second step focused on the comparison of the data structure defined in step 1 with the IFC open data schema, to understand 
how the IFC and CMMS match currently works. This step was necessary to identify which IFC fields match the CMMS ‘taxonomy’ 
defined in step 1 and, consequently, which should be considered during the import procedure. Only IFC useful for operations main-
tenance should be elaborated during the import procedure since the complete import of all IFC of the BIM model would be excessive 
and not useful in its entirety in a CMMS database. To reach this goal, software developers were consulted and the IFC4 reference view 
was analyzed. 

The third step was oriented on defining an import grid – a query schema – on which to base the development of a tool for reading 
IFCs and converting them into a database structured according to the ‘taxonomy’ defined above. Having previously established which 
information should be imported from the.ifcxml or.ifc file (two formats of IFC that can be exported from a BIM model), and what 
hierarchy to hold, the software house started the development of the tool. 

The final step involved the validation. A test BIM model was created following the modeling requirements, and it was designed to 
present useful features which could help validate both the operating procedure and the import tool. Tests were carried out with the 
BIM model to both assess the effective functioning of the tool and to check how to manage the update of the CMMS database according 
to any subsequent modification of the building and its assets. 

4. Results 

4.1. Taxonomy definition and mapping with IFC 

As there are many different people involved in the process from different professional backgrounds (e.g., architects, engineers, BIM 
designers, builders, facility managers, CMMS software developers), the creation of an agreed ‘taxonomy’ was considered necessary 
(Table 1) to create a shared knowledge level between various stakeholders. Therefore, even if such ‘taxonomy’ can be obvious for many 
actors, it allows to better bridge the differences between the design, construction, operation and maintenance stages and what happens 
in a real application, and it further simplifies the process and the interoperability system. 

From the analysis of the state of the art, it was possible to verify the ‘taxonomy’ used in most common CMMS software to describe 
the building structure and the logic that links each record contained within CMMS databases. This logic is not universal, but we can 
consider it the most common and intuitive based on what emerged from Facility Managers. This taxonomy closely reflects the cate-
gories used by BIM software and reflects the structure of real buildings. 

Fig. 2. Four-step approach adopted to reach the research purpose.  
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Furthermore, the analysis allowed to better study existing advanced tools, such as IBM Maximo, which are already integrated 
within CAD and other engineering applications. Such tools, by being already integrated with CAD, do an automatic taxonomy 
redefinition to create the link with the CMMS database. However, they are designed to manage big building complexes, making them 
inaccessible to small and medium-sized enterprises which do not have the necessary budget or skill requirements. Hence, this method 
demonstrates how a simpler strategy does not limit the functionality of this type of system, but rather facilitates their adoption when 
managing small buildings. 

To create a functional procedure, a schema explaining the correspondence between IFC - which defines a common standard among 
BIM software - and the structure of the CMMS database was initially studied. Therefore, this schema (Table 1) was elucidated by using a 
table that explains the matching between the IFC tree logic and the structure used by the CMMS database. This matching table 
considers not only the BIM standard but also the standard structure of CMMS software, allowing the procedure to be compatible with 
different CMMS and different cases. Nevertheless, it is recommended to define such schema within the actors before the final import 
into the CMMS database. 

4.2. Query definition to support the software development 

The tool development has been carried out by Prometeo Srl, and it used the query schema hereafter described. The logic used while 
developing the tool was of keeping an agile and intuitive procedure, thus without losing the links with spatial aspects. Such links are of 
extreme importance when using the data within the CMMS environment. In fact, to simplify the work of maintenance men in bigger 
locations, an option to locate and visualize objects and elements inside a visual 2D or 3D representation of the building would be 
extremely helpful. 

Table 1 
IFC-CMMS matching. 

a We refer to IFCs defining e.g., furniture, HVAC, lights. 

Fig. 3. Tool query logic.  
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Fig. 4. Detail of the data exported from the IFC file.  
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The conversion and import tool extracts data from the.ifcxml or.ifc file by making a query based on the different categories that 
define the CMMS taxonomy. In Fig. 3 it is possible to see the query logic starting from the CMMS category (e.g., is there a complex of 
buildings?), the associated query (e.g., search for IfcSite metadata) and the result (e.g., ‘building complex’ record). The query is then 
repeated for each CMMS category. The schema of Fig. 3 is an example based on the test model (Fig. 5 in 4.3 Validation). 

By analyzing more in detail the functioning of the tool, it is possible to see how each information contained in the file is linked (via 
tree structure in.ifcxml file, or via recalled ‘id’ in.ifc and.ifcxml files) to the entity above and it follows a structure that is similar to the 
levels within the CMMS database. 

Fig. 3 shows the tool’s query logic. It selects the data, contained in the IFC file, to be imported based on questions on the presence of 
building complexes, how many buildings, how many floors per building, how many rooms per floor, and how many objects and el-
ements requiring maintenance are there per room. These queries, made by the tool, investigate the data contained in an.ifcxml file as 
shown in Fig. 4. Indeed, all the information within the.ifcxml file is linked to each other by several IFC and strings of code e.g., 
IfcRelContainedInSpatialStructure and its properties. This results in the capability to define where a specific object and element is 
located. Hereafter the link of the object ‘Chair 001’, to ‘Room 001’, to ‘Ground floor’, to ‘Building A’ up to ‘Building complex’ from 
Fig. 3 is used as an example to show how the IFC are interlinked one another (the data hereby mentioned are the ones within dashed 
ovals in Fig. 3, and their ‘id’ are highlighted with a dashed oval in Fig. 4). 

To explain the link logic, it is possible to start from the box ‘5’ that presents the various IFC within a room, and specifically, the 
IfcFurnishingElement data is the one defining ‘Chair 001’ and ‘Chair 002’ by using the string ‘<Name>’, while IfcFlowTerminal defines 
the object that has ‘<Name>’ as ‘Lamp 001’ and ‘Lamp 002’. 

It can be seen that ‘Chair 001’ is defined by ‘id = “i18353”’. In the box on the right such objects are linked to the IfcSpace. The data 
IfcRelContainedInSpatialStructure links ‘id = ”i18353′′′ with ‘<RelatingStructure>’ that is ‘<IfcSpace xsi:nil = "true" ref = "i2150"/>’, 
meaning that ‘Chair 001’ is located in the IfcSpace defined by ‘id = ”i2150′′′. The ‘id = ”i2150′′′ can be found in box ‘4’ and it is called 
‘Room 001’. 

Such ‘Room 001’ is linked to the floor by the data IfcRelAggregates that links ‘id = ”i2150”’ with ‘<RelatingObject>’ that is 
‘<IfcBuildingStorey xsi:nil = "true" ref = "i1776"/>’, meaning that ‘Room 001’ is located in the IfcBuildingStorey defined by ‘id =
"i1776′′′. The ‘id = "i1776′′′ can be found in box ‘3’ and it is called ‘Ground floor’. 

This floor is linked to the building by the data IfcRelAggregates that links ‘id = ”i1776”’ with ‘<RelatingObject>’ that is 
‘<IfcBuilding xsi:nil = "true" ref = "i1754"/>’, meaning that ‘Ground floor’ is located in the IfcBuilding defined by ‘id = "i1754′′′. The 
‘id = "i1754′′′ can be found in box ‘2’ and it is called ‘Building A’. 

This building is linked to the building complex by the data IfcRelAggregates that links ‘id = ”i1754′′′ with ‘<RelatingObject>’ that is 
‘<IfcSite xsi:nil = "true" ref = "i1721"/>’, meaning that ‘Building A’ is located in the IfcSite defined by ‘id = "i1721′′′. The last link is 
with box ‘1’ where ‘id = ”i1721”’ can be found with its ‘<Name>’ ‘Building complex’. 

The developed tool, by querying this structure, collects the information to create linked records that will feed the CMMS database. 
In the output file (.xmls,.csv,.xml), as it is possible to see in the example of Table 2, data are organized linearly, which means that to 
each row corresponds an entity e.g., an object, a room, a building. The hierarchy is indicated in the code; for example, the code of Room 
001 which is located on the Ground Floor in Building A is the sum of the codes of the previous entities. In the tool procedure, each piece 
of information considered to be useful for maintenance purposes and linked to the IfcSite, will be copied on the corresponding record 
into the database (address). After the information is collected, the tool will search for and import the information about the IfcBuilding 
and, since it is linked to the previously defined IfcSite, this record will be on a lower hierarchical level. This logic will be used to 
retrieve all useful data; for example, IfcBuildingStorey will be a lower level and will be linked to IfcBuilding, the same for IfcSpace that 
goes underneath IfcBuildingStorey and is linked to it. Once the tool gathers all data from the spatial aspects levels it starts to import 
each object and element that needs maintenance. All these data will be on the same level, but each will be linked to the space (room) 
where it is located. To avoid the conversion and import of objects and elements that do not need maintenance it is defined in advance 
which data to add based on a specific nomenclature. 

Regarding the issue of handling updates to the BIM models used to acquire the data for the first import, and to allow subsequent 
modifications of the database without performing a new complete import, the developed tool includes the data import logic based on 

Fig. 5. Axonometric exploded view of the sample model used for the test.  
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the use of the GlobalID. Every single object or element contained within a BIM model has a personal and univocal GlobalID, which 
doesn’t change if the same BIM document is used. This allows for a control logic where the tool, for imports subsequent the first, checks 
and compares every GlobalID in both the IFC file and the CMMS database to verify possible differences. 

The import logic according to GlobalID does not exclude the use of the ‘id’ logic abovementioned, but it is complimentary. During 
an import procedure aimed at updating an already existing database, the tool follows these rules:  

• if the GlobalID is not present in the CMMS database, the import procedure creates a new element e.g., building, room, plant, 
component.  

• if the GlobalID is already present in the CMMS database, the procedure updates the characteristics and information related to the 
specific system or component. 

• if GlobalID present in the CMMS database are no longer present in the import IFC file, the relative element is marked as ‘Deacti-
vated’ in the database and will no longer be displayed to end users in the lists of the various web and desktop applications belonging 
to the software suite. 

This GlobalID management shows that the tool has a metadata capability. See section 4.4 for the GlobalID exceptions management. 

4.3. Validation 

To validate the method a test was carried out. A sample building (Fig. 5) was created within different BIM environments (Archicad 
24 and Revit 2021). The import presented in Fig. 6, based on the model from Fig. 5, was done by using the tool developed in the 
research and embedded in a CMMS software. The sample building (‘Building A’) was designed with two floors (‘Ground floor’ and ‘First 
floor’) that presented a room on each (‘Room 001’ on ‘Ground floor’ and ‘Room 002’ on ‘First floor’). To check if the import and 
relations between different elements of a BIM model and the CMMS database were correct, a chair (‘Chair 001’ and ‘Chair 002’) and a 
lamp (‘Lamp 001’ and ‘Lamp 002’) were added for each room to verify the object-room-floor link. 

Table 2 
Database structure resulting from the conversion and import operation of the tool. 

Fig. 6. IFC import procedure (from the left: select file; select which building complex, building, floor, room to import; select which objects and elements to import; 
CMMS interface after import) [Interface is in Italian, the mother tongue of the software house Prometeo Srl]. 

M. Condotta and C. Scanagatta                                                                                                                                                                                    



Journal of Building Engineering 65 (2023) 105730

11

The import test produced a database with the spatial aspects recorded with the correct hierarchy, incorporating the building 
structure, the objects and the elements with the spaces they belong to. The test thus made it possible to have a first validation of the 
developed tool. 

After the test and validation, an extra feature was added to allow the selection of groups of objects and elements of the same type. 
This simplifies the import procedure since the user does not have to select each object and element, e.g., it is possible to import the 
group ‘Chair’ without selecting each of them. Hereafter, some screenshots from the import test. 

The procedure (presented in Fig. 6) starts by selecting the IFC file to be imported (importazione file IFC) within the CMMS interface. 
Once the tool page is open it is possible to select the file to import (selezionare un file). After moving to the next step, it is possible, but 
not mandatory, to choose which building complex, building, floor, or room to import. Once the spatial aspects are defined, the further 
step is to choose which objects and elements to add to the database. After the import procedure is concluded, the filled database can be 
accessed through the CMMS interface. 

4.4. Modeling requirements 

When BIM is used for operation and maintenance activities, it is necessary to comply with few extra modeling requirements 
compared to the design phase. 

The main relevant rule is related to the definition of IfcSpace. When modeling in BIM, the software is not set to automatically 
register a ‘room’, defined by walls and slabs and roof, as ‘space’. This means that there is the need to manually create a ‘zone’ – as it is 
called within the BIM environment – in the plan view to generate an IfcSpace. Once the perimeter of the room is defined by using the 
‘zone’ instrument, the height will be defined automatically based on the level settings defined for the 3D model. Once the structural 
elements of the building are drawn, this activity should be performed for each room to create the IfcSpace data and their link with 
IfcBuildingStorey, IfcBuilding, and IfcSite. This operation can be done at any time (e.g., either when the building structure is defined or 
when a floor is completed). 

Another relevant rule is related to the management of building complexes. To manage multiple buildings in the same IfcSite, it is 
necessary to model each building in a separate BIM file, otherwise, the exported IFC will not be able to recognize which element is from 
which building. This difficulty is linked to the BIM logic, which works based on levels (floors) and, from an IFC point of view, it results 
in data from different buildings all linked to the same floor. For this reason, besides creating separate models, it is mandatory to define 
the same IfcSite name within each model property to allow the identification of a shared GlobalID for the IfcSite when uploading data to 
the CMMS database. The first export from BIM will result in different IFC files, one for each building that, after the conversion and 
import operations, will be recognized by the CMMS software as buildings from the same complex. 

Regarding the management of objects and elements that are of interest for maintenance, it is mandatory to give a custom name to 
each. Once the first custom name is defined e.g., Chair 001, each object from that category will be automatically renamed by the BIM 
software with the custom name followed by progressive numbering. This helps during the import procedure to only select objects and 
elements that are needed for maintenance instead of importing a higher amount of data that might not be useful. 

Concerning the possibility to manage subsequent updates of the CMMS database, it is necessary to pay attention to the GlobalID 
aspect. The GlobalID defines which objects and elements are to import, thus it is necessary to avoid its changes to allow the correct 
import procedure. Such changes to the GlobalID might occur if the model was modified using different BIM software, or if the model 
was redesigned from scratch. Nevertheless, issues with GlobalID can be avoided by always updating the same model that was used for 
the first import. In addition, the use of a customized name for the objects and elements to be imported, combined with the GlobalID, 
always allows for a counter-verification. 

5. Discussion 

The research studied and developed a method to allow interoperability between BIM and CMMS software without the need of using 
sophisticated plug-ins and tools. This demand raised from some limitations found by Facility Managers that, currently, are supposed to 
use different software or complex processes to gather desired data from BIM models. Moreover, such models do not always comprise all 
the information that the operation and maintenance phase needs, resulting in the necessity to supplement the derived database with 
manual data entry. 

As these initial requirements were reached, two extra challenges were faced. 
The first one is linked to the management of CMMS database updates, which can be of complex handling. This is because there is no 

intuitive and automatic tool able to have subsequent record updates instead of creating a completely new set. Nevertheless, by using 
the herein proposed logic that uses the GlobalID data with the support of custom ‘id’, it is possible to update the CMMS database and all 
its records without final data verifications. The GlobalID logic also allows to use the CMMS database not only as a repository but also as 
a documentation of changes over time, to keep track of the modifications that could affect the operation and maintenance phase. 

The second concerns the still open debate on the CMMS level of detail of the information needed for the operation phase [37,38]. In 
fact, the method developed is independent of the LOD of the original BIM model, allowing the user to choose the best solution based on 
the specific circumstances without changes in the procedure or the tool. 

Although the research results reached a robust technology readiness level, the proposed method can be further implemented and 
refined by improving the investigation and validation phases. The first improvement might involve the data collected from Facility 
Managers. A more robust and structured interview with all the stakeholders involved in the operation and maintenance phase, instead 
of informal confrontations with Facility Managers, could help in better framing the desiderata and existing issues to be afterwards 
transferred in the procedure or implemented in the tool. The second aspect is linked to the validation phase. The opportunity of testing 

M. Condotta and C. Scanagatta                                                                                                                                                                                    



Journal of Building Engineering 65 (2023) 105730

12

the practical tool and operational procedure on real case studies, instead of on a sample building, would be beneficial to better frame 
certain aspects as the actual amount of data linked to IFCs. Implementation on a real case study would help in better understanding 
how data filling is done in more complex BIM models, and how exported big data are processed by the tool. By further studying these 
two aspects, the method could build ever stronger foundations for its implementation. 

6. Conclusions 

This research produced an integrated method, composed of a tool and an operational procedure, to facilitate and enable the use of 
BIM data in the operation and maintenance phase of buildings of modest size, for which the use of complex software is not cost- 
effective. 

The new tool, and the operational procedure, present:  

1. Data output structure that is as feasible as possible, to be obtained independently of the BIM authoring software. Therefore, such 
structure can use a common ‘taxonomy’ to describe the building’s spatial aspects.  

2. A user-friendly import procedure that does not need a final sample output control.  
3. A tool that can handle incremental changes or modifications of the original BIM model.  
4. Simple modeling requirements that can be implemented even by new BIM users.  
5. Definition of a strategy to allow easy management of complexes of buildings. 

Nevertheless, some issues are still open. The procedure assumes that it must be clear from the beginning that the BIM model will 
also be used for maintenance purposes. Such assumption can be correct if the client, or final user, is made aware of the potential of the 
method. Indeed, if the 3D model is not compliant with the abovementioned modeling requirements, the BIM export will hardly be 
compatible and consistent with the developed method. One solution to overcome this issue could be to include such requirements in 
contracts. This would allow to demand the use of BIM models for the design phase, with the clause for it to be produced considering its 
subsequent use for the operation and maintenance phase. 

Regarding the implication of the research, the results and outputs are presented in sufficient detail to allow their free re-use. In 
particular, the description of the query logic allows for the independent development of the data import tool. Likewise, the given 
modeling requirements are sufficient to allow others to correctly prepare the BIM model to export the.ifcxml for its subsequent query. 

In conclusion, if this method were adopted, the work of Facility Managers would be greatly simplified. This is not only in terms of 
initial retrieval of maintenance-related information, but also in relation to the optimized management of the building over time. This 
would allow a better management of the spatial aspects of both building complexes and the buildings themselves and, consequently, a 
correct positioning of the elements to be maintained. In addition, the correct management with unique codes for each element would 
allow the use of the CMMS database as an archive not only of the current situation but also of the history of what happened inside the 
building. Having a record of changes would allow more efficient interventions in case of problems. Furthermore, such interoperable 
systems could be further linked with real time sensors and with storage records. 
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