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ABSTRACT

The benefits derived from the use of building information Modeling (BIM) methodologies are a cur-
rent issue in the field of research in both design and construction phase. However, the profits achieved
in the maintenance stage are still an almost unexplored issue. This fact is especially relevant in pub-
lic organizations, in particular on university campuses where the building assets are a value added
service that must maintain their quality. In this connection, this paper aims to restructure the current
maintenance operations at Alicante University and focus them towards BIM environments. It identi-
fies the current building maintenance process on campus, determining the problems it faces since
an incident occurs until it resolves. To this end, the research methodology includes semi structured
surveys, interviews and benchmarking sessions with technical office staff, managers and maintenance
workers at the University of Alicante together with relevant external stakeholders. Consequently, all
the information obtained will enable a better procedure based on BIM for improving both preven-
tive and corrective maintenance. The study case is focused on the renovation of the building Former
Faculty of Education at The University of Alicante and the results confirm the potential of implement-
ing BIM on campus through a more accurate access to information that optimizes and speeds up the
maintenance process.
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1 INTRODUCTION

The construction sector is immersed in a process of reinvention. As it was stated in Andujar-
Montoya et al. [1], the current social and economic-financial context — characterized by
higher customer expectations, global competition, market fragmentation, technological
changes and scarce funding — leads traditional models to failure. Undefined projects and
miss-coordination during the construction are in the way to become obsolete. As a conse-
quence, a change of mentality is taking place in order to improve quality and productivity of
the industry.

One of the most transcendental changes is the adoption of the building information mod-
eling (hereinafter BIM) paradigm. BIM is an emerging technology that provides an integrated
solution for managing construction projects throughout its life cycle, i.e. acting as a backbone
from the definition of project objectives to the fulfilment of its useful life (Fig. 1).

This BIM backbone is a digital representation of the building process that allows the
exchange and interoperability of information in digital format. Several researches have been
focused on the acceptance and implementation of BIM in the sector [2-6].

Likewise, BIM is being progressively introduced by many designers and engineers in the
design phase and large construction companies in the construction management. Above all,
the administration must adapt its procedures due to the publication by the European Union
(EU) of the European Directive for Public Procurement, which promotes the use of electronic
tools like BIM in construction projects financed by EU public funds. But although some
countries like The United Kingdom, Denmark, Netherlands, Norway and Finland already
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Figure 1: BIM paradigm as a backbone of construction projects life cycle.

require BIM for public works, in Spain the awareness and a gradual adoption among con-
struction stakeholders is currently spreading [7], the implementation has not started for the
administration and it is still at an initial stage above all for SMEs.

Furthermore, the use of BIM is still a challenge in the Spanish construction sector. The
lack of knowledge about the later use and interaction with the model in the rest of the life
cycle phases, such as the operation and maintenance phase, make the profits achieved in that
stage an almost unexplored issue. In this connection, globally, facility management is the
least known field within the building process life cycle. It consists of the exploitation phase
of the finished building. However, its importance is being lately increased in the sector in an
exponential way [8]. This is not surprising considering that in terms of time and cost, only the
operation and maintenance phase expands to over 60%—-80% of an architectural project life
cycle [9-11].

According to the above, facility management is especially relevant in public organizations
— in particular on university campuses characterized by a tight financing — where the build-
ings assets are a value-added service that must maintain their quality.

Within this framework, this paper aims to restructure the current maintenance operations
at Alicante University and focus them towards BIM environments.

The remainder of the paper is organized as follows: Section 2 describes the state of the art
about the use of BIM for maintenance operations, Section 3 explains the design of the research
and the proposed theoretical framework for a more efficient maintenance process, Section 4
shows the experimentation carried out through a study case of the Former Faculty of Educa-
tion building at the University of Alicante, and finally, in Section 5 conclusions
are exposed.

2 STATE OF THE ART: BIM FOR OPERATIONS AND MAINTENANCE
As it was stated in the previous section, both Facility Management in finished buildings and
the adoption of the BIM paradigm are becoming increasingly relevant. Some studies have
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focused on the exploration of how they complement each other and the potential benefits of
the synergy between them, as well as risks and barriers to its implementation and future
trends [2, 4, 12, 13].

Although Chen and Luo [14] and Bynum ef al. [15] agree that it is frequently emphasized
the potential of BIM to support a transformation of the processes of design and construction,
it is confirmed that BIM is most often used in the early stages with progressively less use in
the latter stages as Eadie ef al. [16] confirm. Most of the limited research found about BIM in
Facility Management activities is related to integration and storage [11, 17] and visualization
[18-22], as it is shown next.

In this sense, Akcamete ef al. [11] show the benefits of having As-is facility information,
as well as the integration and storage in BIM of all the maintenance and repair activities per-
formed. Some of these reported benefits are the determination of the deterioration causes of
a building, among others. Similarly, Motamedi ef al. [17] present the inspection and mainte-
nance information through a computerized management system integrated with BIM for
visual analysis. The system presented allows the creation of visualizations for finding root
causes of failures in buildings.

Other related works, Chen and Wang [18], Liu and Issa [19] and Lin and Su [20], have
highlighted three-dimensional visualization as a fundamental element in some Facility Man-
agement activities by the use of an accurate geometry and real data to support the maintenance
service of facilities.

Furthermore, it has been analysed some works — Motawa and Almarshad [21], Porwal and
Hewage [22] — that relate specifically Facility Management practices to the use of BIM in
public organizations.

And finally, Wang et al. [9] develop a framework that integrates Facility Management and
BIM from an early stage in the design phase to minimize the efforts for maintenance during
the operational phase of facilities.

The literature previously specified confirms the importance of adopting BIM together with
Facility Management from an early stage. This fact is especially important in complex build-
ings usually belonging to corporations and public organisations, such as universities, to
ensure the delivery of high quality services to citizens, in public buildings that are increas-
ingly complex and sophisticated.

3 RESEARCH DESIGN
3.1 Current building maintenance process at campus

The campus of the University of Alicante is located in San Vicente del Raspeig. With a cur-
rent area of about one million square meters and under an important expansion process, it has
been built on an old military airfield. It includes several green spaces and 54 buildings — new
construction buildings as well as the reuse of the pavilions of the old aerodrome that date
from 1930. The size of the university makes necessary an Infrastructure and Service Unit to
ensure the right functioning of the infrastructure and the operability of outsourced services in
the campus. This unit is divided into two branches, Maintenance Office and Technical Office.

The starting point of this research is the analysis of the current maintenance process. In
collaboration with the Infrastructures and Services Unit, it has been determined the proce-
dure (Fig. 2) according to the information gathered through interviews with staff of the
Technical Office sub-unit.
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As it is shown in Figure 2, the process starts when a user requests a service through
the Campus Virtual (campus intranet), the interface request basic information about user
personal data, location where service is required, contact person, service required and
urgency. Once the request is sent, the report is checked by the Bureau of Maintenance and
Services. Daily and simply maintenance tasks are developed through a frame contract that
yearly it is commissioned to a maintenance company. Depending on the complexity of the
service required and whether it is within the frame contract of maintenance, the authorized
maintenance parts are sent to Manttest, which is the software currently used to control the
maintenance of the university by the commissioned maintenance company. Then, the project
info has to be searched in the departmental files. After that, it is generated the work order
which is automatically sent to the corresponding trades of masonry, electricity, plumbing, etc.
to fix the problem.

At the same time if a project is not considered within the frame contract with the main-
tenance company or it cannot be solved by the maintenance company, because of complexity,
specificity or work volume, then, a special procedure is needed. This procedure includes a
project commission which follows the next steps: approval start studies, technical reports
and concretion of needs, approval technical reports, estimation of cost and fees and the final
approval of the Commission of Infrastructure before the beginning of works. When this
happens, the technicians from the Technical Office have to look for the project info in the
departmental files and check if the information is correct, check if the project info matches
with what actually was built. Regarding this, it is important to emphasise that Spanish
Regulation allow the inclusion of another materials with same properties in construction

Personal data
PROBLEM @ Location where service is required
DETECTION User request a service | Contact person
Service required

Urgency
N 2

Reports are checked by the Bureau of Maintenance and

NOTIFICATION Services

NO
Authorized Maintenance Info is checked in
parts are sent to Manttest departmental files

N 2 N 2

Info is checked in Approval start studies

departmental files Technical — reports  and
concretion of needs

Approval Technical reports

Estimated cost and fees
Manttest generates work Approval for Comnission

orders to fix the problem of Infrastructure

Execution of works by the

maintenance service J;

2

Technicians from the Technical Office supervise the work
Om_:e solved'the problem, users must sign their approval
indicating their satisfaction level

Figure 2: Current maintenance process of the Infrastructures and Services Unit.
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projects. Once information is verified, it is sent to the commissioned construction
company.

In both situations, the process ends once the incidence is solved and the user signs its
approval indicating its satisfaction level. All this previous process shows that the control
software used in the process allows the Infrastructures and Services Unit getting limited
information of the maintenance process, such as user satisfaction, the time of attention of the
request. Furthermore, the current process is not able to achieve a higher performance to opti-
mize resources and to have a greater control over the maintenance of assets. Especially, if we
take into account the large size of the campus of the University of Alicante and the dispersion
of its buildings in it.

3.2 Benchmarking sessions about maintenance process at campus

After identifying the maintenance process through interviews with technical office staff,
there were carried out surveys and benchmarking sessions with managers and maintenance
workers at the University of Alicante and other relevant external stakeholders. These surveys
and benchmarking sessions allowed us to know the unmet needs and weaknesses of the cur-
rent procedure. All the problems detected were related to limitations in the process and
unused or underutilized resources. The surveys and benchmarking sessions dealt with eight
topics areas:

Time control to repair the problem or incident,

Cost control to repair the problem or incident,

Necessary documents used during the operations and maintenance of buildings,

Storage of information,

Record changes made in the buildings at the campus,

Effectiveness losses due to management work done by human labour,

The future of maintenance in public organisations,

Other relevant issues.

3.3 Limitations identified in maintenance process at campus

After the identification and analysis of the entire procedure, some weaknesses have been
detected. The first limitation detected is efficiency. Due to the large size of the campus and
the building dispersion, the level of efficiency and productivity are reduced due to activities
that do not add value to the service, such as movement of the maintenance service operators
along the campus.

Furthermore, the high number of buildings protected on campus — because they have archi-
tectural awards or just because of architect’s own requirement — make it necessary to foresee
that project info must be searched in the departmental files and verified, in addition to inform
maintenance operators about the singularity of the building. All this requires manual work
which wastes time and resources, as well as adding risk of human errors in the process.

Likewise, the current system used prevents a more efficient preventive maintenance of the
university resources, accessible by all agents involved in the process. Currently, the informa-
tion control of the preventive maintenance it is managed by the maintenance service through
the Manttest software, where data of the manufacturers is introduced manually. In addition,
this preventive maintenance is only carried out in certain equipment and not in the entire
university heritage.
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3.4 Proposal of a theoretical framework for a more efficient maintenance process

The analysis of previous weaknesses leads us to a refinement and reconceptualization of the
current maintenance process. As it is shown in Figure 3, this work presents a theoretical
framework based on BIM methodologies together with emerging technologies, such as, smart
sensors technologies, personal devices and internet of things (hereinafter IoT’s) paradigm to
integrate and automate the current maintenance process.

This synergy will improve the efficiency of the maintenance process. While the BIM para-
digm allows the integration and centralization of computerized information of all the campus’
assets, the emerging technologies allow the detection, positioning and control of those
elements.

In this sense, BIM allows the standardization and codification of all the informa-
tion concerning the university heritage. This centralization of information and the
storage of changes enable obtaining an As-built model, adapting the building log book into
a real updated document in a single file, reliable and exportable. Moreover, BIM allows
preparing maintenance plans from predictive data, as well as saving supply companies infor-
mation and service history. This fact also allows an efficient and centralized management of
purchases.

All these benefits of BIM are enhanced by being included within a theoretical frame-
work that automates the process avoiding human errors and loss of information. This
automation is achieved through the use of smarts sensors such as controllers and global
positioning system (hereinafter GPS) technologies to detect and control service failures
automatically.

Furthermore, all the necessary information for the optimal operation of the maintenance
process is accessible from any place and any device due to the incorporation of personal
devices and IoT’s. This ubiquity of information is especially relevant on campus due to its
extent and the dispersion of its buildings.

So, the next figure (Fig. 4) shows the refinement and reconceptualization of the current
maintenance process through a theoretical framework based on BIM methodologies together
with smart sensors, personal devices and IoT’s.

SMART
SENSORS

Figure 3: Paradigms and technologies included in the theoretical framework of maintenance
process.
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Figure 4: Theoretical framework that highlights in orange where BIM methodologies, smart
sensors, personal devices and [oT’s are used.

4 STUDY CASE: THE RENOVATION OF THE FORMER FACULTY OF
EDUCATION BUILDING AT THE UNIVERSITY OF ALICANTE
The study case is focused on the renovation of the Former Faculty of Education building at
the University of Alicante, verifying the part centred in the BIM paradigm of the proposed
theoretical framework. The next figures (Figs 5-8) confirm the potential of implementing
BIM on campus through a more accurate access to information that optimizes and speeds up
the maintenance process.

These figures show the information that an As-built model includes. In a broader way it is
possible to know the GIS UA code, the number of building, the floor, the space number, the
geolocation and the area, as well as the person associated to this space. In a specific way, it is
possible to know the inventory of elements associated to that space, such as windows, door,
lamps, furniture etc. (Fig. 5).

This information is easily accessible from any device and any place through IoT’s and
personal devices like tablets or smartphones. Therefore, it avoids unnecessary movements of
maintenance operators along the campus. Likewise, the ubiquity of the information integrates
all the stakeholders, i.e. technicians from the Technical Office, maintenance service manag-
ers, maintenance service operators, Office of the Vice President of Campus and Technology
and other construction companies or agents that may participate on the project. This integra-
tion of information and people will avoid misunderstandings and human errors in the
verification of the project information in the departmental files.
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Office 0024P1130
Building: 0024
Floor. P1
Space number: 130
Geolocation: X=717310.602, Y = 4251616.479, Z = 98.187
Area: 9.80 sam
Person: Angel Perez
Inventory:

-Windows: V12.006

-Door: P12.020
-Lamps: LP17.052, LP17.053, LP19.054
- Desktop: MV02.025
- Chairs: MY10.422, MV10.420, MV10.421
- Wall Socket: WS05.076, WS05.077

Figure 5: Data integration of the space and its associated elements.

Window V12.006
Building: 0024
Floor. P1

Space number: 130
Geolocation: X=717309.695, Y = 4251616.892, Z = 97.256
Manufacturer: Technal

Model: Optica

Data Sheet: http:/ibit.ly/2jbysZZ

Maintenance instructions: hitp://bit.ly/2jbysZZ

Instalation Date: 10/25/16

Inyoice: hitp:ibit. lyi2jbysZZ

Pravider: Cerrajenia Nicolasy MorenoS.L.
Lastinspediondate: 10/10/16

Figure 6: Data integration of the selected window.

Lamp LP17.052

Building: 0024

Floor. P1

Space number: 130

Geolocation: X=717325.865, Y = 4251645.268, Z = 99.756
Manufacturer: LAMP

Model: SLIM

Serial number: 0000569851ADR

Data Sheet: http:/ibit. ly/2jbHYfx

Maintenance instructions: http:/ibit.|y/2ih8xAN

Instalation Date: 12/17/16

Invoice: hitp:#bit. ly/2jbxa0H

Provider: Inglbo

Lastinspection date: 01/12/16

Issue: none

Figure 7: Data integration of the selected lamp.
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Deskop MV02.025

Building: 0024

Floor.P1

Space number: 130

Geolocation: X =717325.925, Y = 4251645.237, Z = 96.756
Manufacturer: Actiu.

Model: Coledtiva

Serial number: 025689/56894A

Data Sheet: http://bit.ly/2jbxaldH

Maintenance instructions: -

Instalation Date: 12/17/16

Invoice: hitp:ibit.ly/2jbxa0H

Provider: Actiy

Lastinspectiondate: 10/01/17

Issue:none

Figure 8: Data integration of the selected furniture.

For instance, if a user request a service related to a specific window, with the new and
extended maintenance report, all the stakeholders can easily visualize some properties of the
window like the code number, the building, the floor and the space number associated to the
windows. Also its geolocation, manufacturer, model, data sheet, maintenance instructions,
installation date, invoice, provider or even the last inspection date (Fig. 6)

This late information is especially relevant for the optimization and centralization of pur-
chases. Schedule and quantities tables of providers’ information are quickly and effortlessly
to acquire, which facilitates to package higher quantities of deliveries. Then, better negotia-
tions and discounts can be obtained.

Likewise, this optimization of purchases can be extrapolated to other elements like
plumbing elements, furniture, or lamps, among others. Figure 7 shows the data integration
of a specific lamp; this information is applicable to preventive and corrective maintenance.
Again Schedule and quantities tables of installation dates, last inspection dates or Main-
tenance forecasts are easily available. This information can be exported to an excel sheet,
and therefore, it can be achieves an efficient maintenance forecast generalized to the entire
campus.

5 CONCLUSIONS

This research aimed to provide a theoretical framework for improving different aspects of the
current maintenance process. The proposal includes the BIM paradigm together with emerg-
ing technologies such as smart sensors, personal devices and IoT’s. The synergy of the
elements included in the proposal will improve the efficiency of the maintenance process
through the integration, standardization and centralization of computerized information, the
ubiquity and accessibility to information, and the automation of some phases of the process.
All this translates into efficient processes with less error-prone, more and real information for
better decisions in both preventive and corrective maintenance, storage of changes and opti-
mization of purchases.

The feasibility and potential of the proposal is validated under the BIM paradigm of the
framework through the renovation model of the Former Faculty of Education building at the
University of Alicante. The model shows the considerable information that can be storage and
used, positioning BIM as an essential platform within the maintenance process at campus.
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