The current issue and full text archive of this journal is available on Emerald Insight at:
https://www.emerald.com/insight/1472-5967 .htm

° [ ] [ ] ° M : t
Maintenance capability creation =~ M e

for buildings — concurrent process creation
with design and construction

Petteri Annunen, Juho Tella, Sini Pekki and Harri Haapasalo 479
Department of Industrial Engineering and Management, University of Oulu, )
Oulu, Finland Revted 21 e 072
Accepted 8 August 2022
Abstract

Purpose — This study describes how maintenance capability should be created during the design and
construction phases of construction projects. Purpose of the abstract to define the elements for creating the
maintenance capability and the process to be used in construction life cycle projects for buildings.
Design/methodology/approach — An inductive and qualitative research method was used to construct
the proposed process based on the literature and 18 interviews in two large construction companies.

Findings — The results indicate that the maintenance phase is usually overlooked during the design and
construction phases, and capabilities are not systematically built. In particular, processes are lacking in data
management, causing severe problems in maintenance.

Originality/value — This study presents a process including key requirements and activities for creating
maintenance capability in conjunction with the design and construction phases, which is novel to the
literature. The validated process can be adapted based on the needs of the construction company.

Keywords Construction, Maintenance, Maintenance capability creation, MCC, Data management,
Life cycle management, Early involvement

Paper type Research paper

1. Introduction

The construction and real estate sectors have been suffering from several known problems,
hindering the development of productivity (Dave, 2017; Halttula et al, 2017). One of the key
deficiencies has been a lack of cooperation between life cycle phases, where information
transfer has been insufficient and, in particular, has been incomplete in the later phases
(Harkonen et al., 2019; Halttula ef al., 2020). Several studies report information- and quality-
related maintenance problems arising in the design and construction phases (Waziri, 2016;
Hassanain, et al., 2019; Ebekozien et al., 2022; Hauashdh et al., 2022), and life cycle costs and
maintenance have been studied extensively (Ebekozien, 2021).

The maintenance phase accounts for a major part of the total lifetime costs of a building
(Heaton et al., 2019), highlighting the importance of this phase. Some of the key challenges
related to data are addressed by building information modelling (BIM) systems aiming at
digitalisation, but the original building data are still often delivered as portable document
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JFM format files or even in a paper form to the maintenance phase (Gao and Pishdad-Bozorgi,
223 2019). Lean methods are enabling development by widening the focus from the design and
construction phases to the whole life cycle though value streams (De Silva ef al, 2012), but
methods for concretely involving maintenance during the earlier project phases are lacking
(Ganisen et al., 2015).
One reason for omitting maintenance requirements is the contract models used in the
480 industry. In traditional contracts (e.g. design-build [DB], design-bid-build [DBB]), the
maintenance phase is usually managed by different stakeholders than in the design and
construction phases. Without good co-operation between the phases and without proper
processes, it is difficult to manage the shift from one phase to another, especially between two
companies (Annunen ef al., 2021). Life cycle contract models (e.g. design—build-own—operate—
transfer [DBOOT)) include all the phases from design to maintenance, and all are managed by
one stakeholder, seeking a tighter connection between phases (Kerosuo et al., 2012).

Life cycle contracts in the Finnish construction industry refer to projects in which the
customer and contractor make a longitudinal agreement on the design, construction and
maintenance of a building. Typically, the maintenance phase in these projects covers 20—
25years (Kerosuo ef al, 2012). Finnish construction projects are managed with a Finnish
national Building Information File (RT 103166, 2020) and facility maintenance with a
Property Management File (KH 90-00612, 2016). In life cycle contracts, the importance of
maintenance capabilities is specified from the beginning of the project, as the same company
must also cover the life cycle costs (Kerosuo et al., 2012).

Capability creation (CC) processes are used in global manufacturing industries to support
the systematic involvement of later project phases in parallel to the product design phase
(Tolonen et al., 2017; Annunen et al., 2021). However, application to the construction industry
has been limited. There is a considerable amount of literature on maintenance capabilities in
construction, but information about when and how they should be created is rare. Therefore,
the main aim of this article is to create a foundation for CC processes for the maintenance
phase of a construction project. This leads us to the research questions of the study.

RQI. What are the key elements in creating capabilities for maintenance?
RQ2. What are the main challenges in the maintenance phase?

RQ3. What is the main setup for the maintenance CC (MCC) process, especially in life
cycle projects?

We began the study with a literature review on life cycle management, data management,
early involvement and CC processes, resulting in key preconditions for creating
maintenance phase capabilities in the construction industry (RQI). The literature review
also compiles the elements and sub-elements for maintenance. After the literature review, we
present the research process and method for two semi-structured interview rounds. In the
empirical section, we first analyse the challenges of the maintenance phase (RQ.2) based on
first interviews and then present requirements for the MCC process (RQ.3) based on the
literature and, specifically, on second interviews. Finally, we validate the process in
company A, which is implementing buildings with the life cycle model.

2. Literature review

2.1 Building and data life cycle management

Product life cycle management (PLM) refers to business management, where products of the
company are managed efficiently during their whole life cycle (Stark, 2015). It is crucial to
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recognise processes and resources from the initial business idea to the removal of the Maintenance
product. PLM needs to cover all these phases, and all phases should have requirements to capability
produce data, whatever project model is used (Crnkovic et al., 2003; Stark, 2015). Crnkovic creation
et al. (2003) define seven phases of the product life cycle: business idea, requirement
management, development, production, use, maintenance and removal of the product. In
construction, the product life cycle typically includes four key phases: preplanning, design,
construction and maintenance (Halttula et al, 2020). The maintenance phase includes real 481
estate maintenance as well as facility and user services (KH X9-00526, 2013).

The target of life cycle management is to coordinate and manage the product data and
processes of the company. This basically means that the processes and product data
management (PDM) must be in line with the vision and targets of the company (Saaksvuori
and Immonen, 2008). The life cycle is managed through information management systems.
PLM systems enable ideal situation information and process management through a
centralised data system, which can be used by all the organisational and business processes
of the company (Tolonen et al., 2017). In construction, the use of BIM is growing for this
purpose, although it is not yet fulfilling all of its promise (Jupp, 2013; Dahanayake and
Sumanarathna, 2022; Mansoori et al., 2022). PLM requires PDM to manage the products
through the whole life cycle, ensuring efficient business processes (Giménez et al., 2008).

Data governance includes data quality, consistency, security, usability and availability
(Halttula et al., 2020). Managing and maintaining data require appropriate organisation, and
the data owner plays an especially important role (Silvola et al, 2019). Digitalisation aims to
enhance and reform business by making the processes more efficient. The construction
industry is embracing digitalisation, and BIM is seen as one solution to improve both
digitalisation and poor productivity development — although with more discussion than
practical implementation so far (Halttula et al., 2020). Missing data, software problems and
mismatch of the current data systems are still problems in the industry, especially in the
latter parts of the construction product life cycle (Gao and Pishdad-Bozorgi, 2019; Sulaiman
et al., 2021; Mansoori et al., 2022). According to Eastman et al. (2008) and Halttula ef al
(2020), the focus in BIM development should not be on technical issues but rather on
processes throughout the whole construction project. BIM does not solve process-related
problems.

2.2 Early involvement with capability creation processes
Most construction projects are complex by nature, involving several stakeholders, which
leads to some known problems in processes, trust and information sharing (Aapaoja and
Haapasalo, 2014). One of the root causes for problems is a lack of collaboration during the
design and construction processes (Love et al, 2004), causing unnecessary costs for the
maintenance phase (Islam ef al.,, 2021). Early involvement of key stakeholders in the front-
end project phases can help with these problems. The utilisation of collaborative project
models has led to the adoption of quality and lean practices and proven supply chain
concepts in the construction industry (Hietajarvi and Aaltonen, 2018; Halttula et al., 2020).
Dave (2017) highlights the importance of well-managed operational processes in the
construction industry. Processes should not be just created but also followed, maintained
and managed well through all the operations. Operational processes require defined
governance and ownership, and especially in larger projects, the processes need to be
divided into stages with the following gates to ensure that the key activities defined for each
stage have been completed in a proper manner (Ulrich and Eppinger, 2008). Stage-gate
models are commonly used in the manufacturing industry, usually with five to seven stages
and respective gates during the new product development, namely, discover, scoping,
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JFM business plan concept, development, testing and validation, launch and implementation are
223 the most common stage definitions (Cooper, 2011). Gate reviews are viewed as a way to
control processes when all elements or outputs have not been defined accurately (Kess and
Haapasalo, 2002).
Tolonen et al. (2017) describe CC processes as a solution to build the capabilities for the
later project phases in the design phase. Verrollot et al. (2017) agrees that one of the success
482 factors of product development is integrating receiving business processes, such as delivery,
production or maintenance processes, in the product development or design process.
Isoherranen and Majava (2018) argue that it is essential to create maintenance and care
capabilities during product development. If the maintenance requirements and needs are not
established in the early phases of the project, they are more difficult and require more to
achieve later (Isoherranen and Majava, 2018).
Key preconditions for implementing successful CC processes include the following
(Tolonen et al., 2017; Verrollot et al., 2017; Annunen et al., 2021):

» Key operational processes need to be in place, including not only design, production
and maintenance processes but also quality management, product management and
data management processes.

» Synchronising CC processes with key business processes, including stages, gates
and common key metrics.

¢ The requirements of later project phases need to be part of earlier project phases, i.e.
maintenance process requirements need to be part of the design and construction
stages and gate reviews.

¢ Governance and roles, including global process owners for the CC processes, need to
be in place.

2.3 Synthesising capability creation to maintenance requivements

Fragmentation of activities and stakeholders have been seen as the root cause of the most
serious problems in the construction industry (Tampio et al., 2022; Tampio and Haapasalo,
2022). From a data management point of view, the biggest problem is weak data and
information interoperability and flow through the whole project life cycle (Halttula ef al,
2020). This increases the importance of managing (planning, organising, leading and
controlling) the whole construction project properly from the design phase to maintenance
phase (Weeks and Leite, 2021). Training and increased information availability are key for
building the competencies of the organisation and decreasing resistance to change
(Saaksvuori and Immonen, 2008; Lavy and Jawadekar, 2014).

Efficiency in use and maintenance lead to the final excellence of a product (building)
during the entire life cycle — that is, how the building serves the purpose it was originally
designed for or in some cases modified for. However, the specification of a product (a house)
is defined during the design, with relatively little possibility to impact the content during
use and maintenance. In construction, life cycle assessment, maintenance activities and
periods are familiar concepts, even at the level of regulations or instructions (Ebekozien,
2021). What has received less attention is how maintenance capabilities could be created in
the design and construction phases (Ganisen et al., 2015).

The MCC method aims to plan and create key capabilities for maintenance during the
early phase to ensure efficient use of the building. The MCC process aims for a more
accurate value creation structure to achieve this target (Tolonen et al., 2017; Annunen ef al.,
2021). Regulations and industry standards must be considered when initiating CC processes
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for national building life cycle laws (Harkonen ef al., 2019). In Finnish construction, this
basically means Building Information and Property Management Files and some other
national regulations, such as instructions for detailed maintenance phase documentation
(Pirinen and Kukkonen, 2001). The literature introduces more detailed elements regarding
the capabilities required during maintenance, but it does not explain how and when these
can be achieved or how and what define these elements. Parallel to our conceptual
development based on earlier research, we have conducted a literature review on facility
maintenance (12 main elements, a description of which is been presented in the Appendix
Table Al).

3. Research process and method

An inductive and qualitative research method was applied in this study (Figure 1), following
Bryman and Bell (2011). In the first phase of the study, a literature review was conducted to
establish a conceptual foundation for MCC and respective maintenance elements. Second,
semi-structured interviews were used to reveal the most important challenges in the two
case companies, A and B, as well as to give the interviewees the freedom to share any ideas
about how to improve maintenance. The main idea of the first interview was to identify key
challenges related to maintenance work. The informants were asked about typical
challenges emerging in the case company operations, not in any specific project. We selected
companies due to their long history of development, profound access to data and direct
informant contacts. Both companies were good representatives in their roles during building
life cycle. Company A, a typical main contractor for buildings, having extensive experience
operating in different countries. Company B, an international company, focussing more on
facility management and maintenance.

Thematic interview analysis (Braun and Clarke, 2006) was used in the first round of
interviews with both companies. This started with becoming familiar with all the data and
reading the interview transcripts and notes twice. At the same time, initial codes for
challenges in the maintenance phase were written down. In the second part of the analysis,
codes for all the different challenges found in the interviews were generated. In third phase,
the research team searched for common areas for the codes across the interviews in the
two companies. Each code was written as a sticky note to improve the process and ease the
creation of the overview. In the fourth phase of the analysis, main areas and sub-areas were
created, reviewed and refined to ensure clear coherence inside each of the areas and to
clearly differentiate between them. In the following phase, areas and their names were
defined with details.

Company A was chosen for the second interview round because it is working with life
cycle projects, whereas Company B has more knowledge on other construction project
types. In the second interview round, the key challenges and challenge categories from
the first interview round were used with MCC process elements found in the literature
review to identify the most important requirements and activities during the design and
construction phases of the construction project. The new interview set-up supported

Literature > Constructing
synthesis: - ) Company A and validating
theoretical “:TVIQWS on Thelma_tlcf K interviews on [»{ MCC process
framwork | chatenges; analysis otkey | I pmccareas for company A
company A challenges
RQ1 and B RQ2

Maintenance
capability
creation

483

Figure 1.
The research process
of this study
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JFM Company A representatives in understanding and verifying the key MCC elements from
223 the literature and analyse related key challenges. All the key requirements and activities
that emerged from the second interviews were categorised as MCC areas, and in the final
phase of the MCC process creation, these requirements and activities were divided into
project stages. Finally, the MCC process proposal was validated with five key
representatives of Company A.
484 Case company A is large international company in the architecture, engineering and
construction sector. Six experienced key members of management and positions working
with the life cycle project maintenance phase were interviewed (area director, real estate area
manager, design director of the life cycle projects, property manager of the maintenance
phase, manager of virtual design coordination and BIM coordinator). Both interview rounds
were conducted online with two researchers, and both rounds lasted roughly two hours. The
interviewees took notes, and all the interviews were recorded for more detailed analysis. All
the interviewees from Company A reflected their opinions on six big ongoing or recently
completed life cycle projects, which are currently in the maintenance phase; hence, the
informants had relatively good experience with life cycle projects. The company was
responsible for the design, construction and maintenance of all six projects, with a design—
build agreement and maintenance responsibility for 20-25 years depending on the project.
Case company B is a large international company specialised in designing buildings,
maintaining building systems and offering industrial services. A total of 12 experienced
representatives of the company were interviewed, including relevant key personnel involved
in building maintenance activities. Some of the interviewees represented business partners
working with Company B. The roles of the participants included a design automation
designer, design project development manager, facility maintenance management service
manager, remote management specialist, two estate management technical managers, three
facility maintenance service technicians, head of sales, development manager and
innovations and development department manager. All informants have very long
experience in maintenance-related challenges. A total of 11 interviews were conducted
online and 1 face to face, with the interviews lasting roughly two hours each. The answers
were not related to any specific project but associated with all the cumulative knowledge
affiliated with the maintenance phase of construction projects.

4. Results

4.1 Key challenges

First interview round covered all the main areas associated with maintenance, including the
processes companies are using in the design, construction and maintenance phases.
Questions about information systems, data management processes and data ownership and
governance were also asked. However, the key questions were aimed to find challenges
affecting the maintenance phase of construction projects. Without underestimating the
importance of more traditional elements of maintenance, the role of data and data
management was found to be critical in thematic analysis (Figure 2).

The first main challenge is that the maintenance phase is not acknowledged during the
design phase. Maintenance people are little involved in earlier phases of the construction
project. There are several reasons for this. A designer in Company B defined one part of the
problem:

Maintenance stakeholder participation in the design process is very weak. We do send invitations
to the planning meetings, but they are not participating actively. They might sometimes attend,
but they don’t really have a picture of the overall development process.

Downl oaded from http://ftp. nowublishers.conmjfm article-pdf/22/3/479/9575105/j f m 05-2022- 0052. pdf by guest on 24 May 2026



Challenges Categories Maintenance
capability
creation

G/Iaintenance stakeholders not involved in design
process

-Data needs not identified beforehand

-Data management process not mapped out (no
mutual understanding)

-Not the actual maintenance stakeholders attending
user trainings

KEIectric service manuals not customized

Not acknowledging maintenance
phase in design phase

485

KResponsibilities not determined \
-“As built” data not defined and not available

-Multiple data repositories

-Issues in accessing relevant data

-Data formats are not well suited

-Relevant data being lost among too many irrelevant
\tasks and notifications /

Challenges in data availability and
reliability

~N

( -Data not kept up to date
-Multiple data repositories

[ Data not being up to date ]
L -Data management process missing

J

Time consuming manual data transferring between N
information systems

-Roles and responsibilities for data not defined

-Data related concepts not agreed, making
\communication difficult )
(" -Carelessness in data management N
-Not utilizing remote monitoring to its full potential
-Competence regarding BIM technologies, using BIM

in later phases of the project

-Resistance to change

Manual data transfer between
information systems

Figure 2.
Depicted challenges
in the analysis of
maintenance

activities in the case
companies

[ Personnel related challenges

N

J

One root cause of this problem is that maintenance requirements are not clear to the
involved stakeholders. A technical manager from Company B described this issue:

I feel that we don’t have a common understanding of data management process and principles in
facility maintenance. We just get what the designers give to us. Normally, they haven’t thought it
out either.

The BIM coordinator of the Company A shared a similar opinion:

The biggest problem from BIM point of view in maintenance work is, that we do not know, what
maintenance phase people need”, and” I do see as a big issue, that maintenance targets and
actions how to achieve those should be opened and understood [. . .] and then move these actions
to the start of the design phase.

Data needs of the maintenance phase have not been identified during the design phase
because there are no processes or practices available for that purpose. Indeed, not only
processes but also meeting agendas and tasks are not organised in the efficient way, making
cultural change difficult. A real estate technical manager from company B described this
issue;
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o0 attend to some design meetings, but they are often quite tough and not so tangible. I do no
1 do attend t d t but th ft te tough and not so t: ble. I d t
293 feel it as very productive use of my time, as I am mostly an observer in the meetings.

)

Currently, electric service manuals are playing a key role in the maintenance phase.

However, they are not customised to the needs in the design and construction phases.

Sometimes even old service manuals are just updated quickly for the use of the maintenance

personnel. The most common issue is that unnecessary maintenance tasks are included in
486 the service manual, as noted by a real estate technical manager from Company B:

The worst I have seen in the service manual has been the instructions related to maintenance of a
swimming pool [. . .] there was no swimming pool in the entire facility.

The second, third and fourth main challenges are associated with a lack of product data
management principles, which is causing technical challenges in data availability and
reliability. This starts with ownership and governance and includes responsibilities for the
activities. A technical manager of Company B discussed some of these challenges:

The data management process in facility maintenance should be planned and mapped out. The
earlier this is done, the better. Today, there is no mutual understanding of how and where the
documents should be created, managed and updated. This is very confusing.

One of the biggest challenges for both companies is that data are separated into many data
systems, and the data transfer does not work as it should. One reason for this could be that
the format of the data is different in different tools. For example, in Company B, there are 17
data systems used in facility maintenance in addition to the normal office tools. Data
transfer does not always work, as it should, as observed by a service manager from
Company B:

Sometimes data transmission works well and sometimes everything goes as wrong as it possibly
can.

A remote monitoring specialist from company B added another dimension to the same
problem:

The main issue in data management in remote monitoring is that the information does not reach
the specialists. Original designs and drawings are lost in the process. We do not have electric
drawings of most of the facilities. Without the designs it is only guessing, how the designers have
planned the automation to work. We need to use our competence and experience to assess
whether the automation is working as it was designed to work.

There is a lot of time-consuming manual data transfer between information systems. It
would be best if all the information needed for maintenance was in the same location or even
linked properly to one location. As the BIM coordinator from Company A described:

BIM should have a place for the information. If BIM would get new info, there would be enough to
have the link to another system, which then could include more detailed information on for
example maintenance timings and spare parts and so on. It might not be wise to insert everything
in the BIM.

There can be issues in accessing the relevant data or issues related to functionalities.
Relevant data can be lost when a tool manages and sends, for example, too many irrelevant
notifications. In general, data are not kept up to date due to the abovementioned system-
associated reasons and other problems in processes or related responsibilities.

The fifth main category of challenges is related to maintenance personnel. Tools are not
used to their full potential, and there might not be sufficient competence to use all the
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available technologies. There is also carelessness evident in data management. A service Maintenance
manager from Company B gave an example of this type of problem: capability

Someone has inserted the device data into the service manual and each year I've been trying to creation
update the data, but it is too difficult [. . .] I have 150 destinations in the area, operated by different
stakeholders. All the changes are difficult to keep track of. Sometimes the information in the
service manual is so contradictory that I'm afraid to update it, I do not want to cause any
problems with my updates. 487

From the management point of view, practices have not been put in place. The area manager
of facility maintenance for Company A described this situation:

We have a gap in our way of work in the facility maintenance, it is not systematically lead with
the KPIs [key performance indicators]. Now we do report certain KPIs, but only for the customer.
We should measure more and analyse the metrics, have internal targets in facility maintenance
and so on. In practice we would have KPIs and systems to report these quite well in place.

The same problem can be seen when actual maintenance stakeholders are not attending
user trainings during the construction phase, as noted by a real estate technical manager
from Company B:

The contractors don’t really care who and how they train, as long as they get approval of the
trainings done and they can then move on to next projects. And I do understand it, maintenance is
not their responsible area.

A final issue raised by many of the interviewees is resistance to change, which hinders
trainings, enacting new processes and fulfilling the potential of the available resources.

4.2 Maintenance capability creation process

The generic manufacturing and electronics industry literature provides CC processes for
improving later phases of the product life cycle (Tolonen et al., 2017; Verrollot et al., 2017,
Annunen et al., 2021). Analogously, we adopted a generic MCC process for the building life
cycle (Figure 3).

For the generic process, we organised the second data collection (interviews) in Company
A to enable more detailed knowledge of MCC elements. Company A has relatively good
experience with life cycle projects (DBOOT) for buildings and is also planning similar
activities to our MCC process. Based on maintenance elements described in the literature
and challenges from Companies A and B, we collected typical requirements and activities in
the design and construction phases that are critical for maintenance phase. The results from
the analysis of the second interview round are summarised in Table 1, which presents all the
MCC process areas and elements, along with associated key requirements and activities in
the design and construction phases. Based on the practical requirements and activities in the
design and construction phases found in the literature, we also classified MCC elements into
more generic MCC areas.

The service and maintenance main area covers five different sub-areas. The aim of this
main area is to define the requirements and build the capabilities of most technical
maintenance areas.

In the quality main area, the target is to design and ensure the quality requirements and
systematic quality control practices for the maintenance phase, including the auditing
process and systematic practices to ensure customer satisfaction. The foundation for this is
based on systematic control of the maintenance service quality.

The target of data and product area is to ensure that maintenance will have correct data
and that the data enable efficient maintenance practices. Information must be up to date, in
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the correct location, in the correct format and usable by the parties needing the data. A
standardised product data structure and BIM design are essential. Additionally, data and
product management processes need to be in place as a precondition for this main area. The
aim of the project management area is to involve all the necessary stakeholders and ensure
the proper competencies and resources for the maintenance phase. Management of the
whole MCC project belongs in this area, including important cost management activities.

These requirements and activities are difficult to achieve without a systematic CC
process with pre-planned actions for each stage and gate. From a practical perspective, it is
critical to note that maintenance must be the responsible stakeholder who implements the
MCC process, not the design or construction. Maintenance personnel have the best possible
competence to organise maintenance — concurrent to the design and construction phases, not
in the maintenance phase. Table 1 lists the requirements and activities in detail. At a generic
level, the contents of these 12 elements would require more extensive descriptions for each
stage in the construction project (Figure 4). However, depending on the case, it is more
important to describe these in a case-specific manner. In fact, processing the 12 capability
elements in a project-specific manner would be highly beneficial in a real-life project.

The pre-requisites for the MCC process are definitions of the main processes, that is, the
design, construction and maintenance processes, including the process owners. The review
process for gates needs to be defined with governance and related details, including the
participants and agenda for each gate (0-5) review. The tasks in each stage for each gate
review need to be agreed upon (Cooper, 2011; Ulrich and Eppinger, 2008). Additionally,
personnel competencies must be in place for the new way of work, with necessary trainings.
A global MCC process owner must be appointed to manage the process development and
content, managing the process with KPIs and gathering feedback continuously.

Each construction project requires an MCC project manager, who oversees the
management of the proposed process throughout all the project phases. The MCC project
manager is part of the project management team, serving as a maintenance representative
and enhancing life cycle aspect considerations in decision-making during the project. In the
current organisational set-up in Company A, a maintenance or real estate manager will
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MCC Area MCC element

Key requirements and activities in the design and
construction Phases

L. Service and 1. Real estate maintenance

maintenance

2. Energy management
services

3. Facility and user services

4. Building management plan

and maintenance manual

5. Sourcing and logistics

1I. Quality

6. Quality management

7. Reporting and coordination

III. Data and 8. Data management
product

Choose and involve service partners. Create the needed
practices and foundation for successful technical services,
real estate maintenance, cleaning services and maintenance
of outdoor areas. Select necessary tools, building elements
and materials from a maintenance point of view. Take care of
device and system requirements of the maintenance phase
Choose and involve energy management service partner.
Ensure proper energy usage and energy-efficient target
setting, simulations and tests during the design phase and
achievement of the targets for the maintenance phase.
Notice and create energy consumption, follow-up and
savings-related capabilities

Plan and ensure maintenance phase readiness according to
requirements for the office, lobby, canteen, security, IT, user
and other employee services. Choose and involve required
service partners

Start the creation of a building management plan and the
electrical service book at the beginning of the project.
Choose and involve the BM service partner. Define the
correct contents of the BMP and maintenance manual
during the design and construction phases. Ensure the
correct I'T systems and necessary instructions to use and
maintain BMP and the maintenance manual during the
maintenance phase

Note sourcing and logistics requirements and ensure
seamless functioning of these in the maintenance phase.
Ensure that the required equipment (e.g. spare parts) is
available in the correct place on the required schedule.
Agree on suppliers, required materials and define the
logistics process for main supplies in the maintenance
phase. Ensure the availability of the most critical materials
for the whole maintenance phase. Prepare and agree on
contracts with the key suppliers and service providers
Define and implement quality requirements for service
partners and stakeholders with agreed responsibilities
(operative management, cleaning services, outdoor area
maintenance). Define quality follow-up and testing practices
and schedule for the maintenance phase. Implement
customer satisfaction measurements and auditing practices
Ensure the capability to follow-up on maintenance phase
service and quality for both personnel and data systems.
Build reporting and control systems for maintenance
Create instructions, practices and governance to ensure
good data management capabilities during the design,
construction and maintenance phases. Create capabilities to
utilise, create, store, update and archive the data efficiently
with the data management systems. Define communication
channels and the data transfer policy. Implement a
centralised PDM system, including responsibilities.
Harmonise data updates and software interfaces with as
much automation as possible

(continued)

Maintenance
capability
creation

489

Table 1.

4 MCC areas and 12
MCC elements, with
associated key
requirements and
activities
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293 Key requirements and activities in the design and
’ MCC Area MCC element construction Phases
9. Product management Specify instructions to create a product structure to ensure

maintenance requirements for the building. Define product

data and data for maintenance phase business process.
490 Address product data requirements for earlier phases and

data creators in the design process. Define and ensure the
instructions, practices and governance of the product data
for the maintenance phase, including change management

and updates
IV. Project ~ 10. Training Ensure maintenance personnel and user trainings and
management introductions before the maintenance phase. Prepare the

necessary documentation, training materials and practices.
Ensure resources (with work amount estimates) and their
competencies to perform the required maintenance tasks

11. Collaboration Involve users and maintenance personnel in the design
phase. Ensure requirement integration with stakeholders in
the design process, including required practices and
methods, such as big room and last planner. Plan and create
the capabilities for collaboration in the maintenance phase,
including contact lists

12. MCC project management  Lead the MCC project based on a detailed stage-specific
project plan and report the status in each gate in the project
design and construction phases. This area includes required
general project management activities, such as cost,
document and requirement management. This part also
includes other tasks, such as insurance for service providers

Table 1. Note: IT = Information technology

assume the MCC project manager role depending on the project. In larger projects, some
MCC areas or MCC elements can be led by an individual reporting to the MCC project
manager.

The MCC process was validated by five experts in Company A. Two of the experts
were the same as in the interviews (real estate area manager and BIM coordinator),
whereas others participating in the validation session included the director of life cycle
projects, the vice president of strategy and development and the director of property and
facilities management. Validation was conducted in one session, where the MCC process
was described without any commenting, and 10 different questions were evaluated
individually on a scale ranging from 1 to 5 (1 = very poor; 5 = really good). In addition,
there was a discussion after grading on the positive and negative aspects of the proposed
MCC process. In particular, the relevance (4,0), usability (4,2) and practicability (3,7) of
the MCC process were valued in the validation. Likewise, implementing new practices for
data management and requirement management to enable efficient MCC usage was seen
positively (3,6). On the other hand, some development items were listed for the future,
including clarifications of the PDM and PLM concepts and the maintenance vocabulary
overall. The average score for all ten questions in validation was 3,8. As management
summary, the transparency of the systematic MCC process was seen as a major
improvement to the old way of working. Further, support is needed in the implementation
of the MCC process from the start of next life cycle project. In the end, the decision to
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enact the MCC process to use was made by the area director of the Company A, and the
decision was supported by all participants in validation.

4.3 Discussion
The scientific contribution of this study is related to the potential of the MCC process with
four main areas and 12 elements, complementing the current literature by describing the
current status of maintenance work in real companies. These elements were originally
rooted from literature and more specifically validated and defined trough the empirical
material in this study. The study supports the current view on maintenance phase problems
(Waziri, 2016; Gao and Pishdad-Bozorgi, 2019; Hassanain ef al., 2019; Sulaiman et al., 2021,
Hauashdh et al, 2022) as well as the importance of the maintenance phase (Heaton ef al.,
2019; Harkonen et al., 2019; Halttula et al., 2020). The results highlight the concentration on
processes (Eastman, 2008; Dave, 2017; Halttula ef al., 2020) and governance of the processes
(i.e. MCC process owner) (Silvola et al, 2019) in construction. Importantly, the study
proposes a method to involve maintenance concretely in earlier phases of the project
(Ganisen et al, 2015), establishing the design requirements. The proposed CC process
complements the research in other business areas and industries (Tolonen et al, 2017;
Verrollot et al., 2017, Annunen et al, 2021) and highlights the importance of creating
maintenance phase capabilities (Isoherranen and Majava, 2018) in the project design and
construction phases (Love ef al, 2004; Aapaoja and Haapasalo, 2014; Islam et al, 2021;
Weeks and Leite, 2021). The study confirms the need to have a systematic stage-gate
process in place to support an efficient project design phase (Ulrich and Eppinger, 2008;
Cooper, 2011), but it also offers a new perspective on using it in the construction industry.

In this study, the validated four MCC main areas and 12 elements can be generalised not
only as baseline for further studies but also as generic elements of the MCC process. These
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JFM elements were piloted in the study with large main contractor for buildings (Company A),
223 having wide experience operating in different countries. We described the more detailed
content for these 12 elements as activities along the 6 stages of the MCC process resulting in
total 72 sections of activities for Company A. These 72 sections are case or building object
specific and cannot be generalised, and therefore are not presented in this study. The main
purpose of the MCC process is to ensure, that these 12 elements are systematically
492 considered and used to specify the detailed activities in the case specific projects, MCC
process operating as a platform for the agreed activities.

Therefore, the managerial contributions of this study include presenting an MCC process
to support companies in planning their maintenance-related capabilities. This study
provides information regarding the pre-requisites and detailed steps for building these
capabilities during the design and construction phases, facilitating a smooth commissioning
phase and, ultimately, a successful maintenance phase. Further, the study shows how
processes should be managed in conjunction with business processes and how a systematic
stage-gate model supports the targets of improved quality and decreased life cycle costs.

Current challenges of the maintenance phase could be managed with the proposed MCC
process by involving the maintenance personnel earlier and managing the requirements
systematically in the front end of the construction project. Systematic management of the
maintenance challenges in the front end of the project will result improved data quality for
the whole building life cycle, easier data transfer and utilization, especially in the
maintenance phase, and finally, with improved design of the building itself (Halttula et al.,
2017; Halttula et al., 2020). Ultimately, MCC process will enable lower life cycle cost for the
object (Tolonen et al., 2017).

5. Conclusions

According to previous studies, cooperation between construction project phases or
stakeholders has been challenging. Earlier studies suggest that the design and construction
phases cause problems for the maintenance phase, especially in the event of poor data
management, which creates further problems in several other areas. Systematic processes
can support cooperation and enable development of the whole construction industry.
However, the methods for building maintenance phase capabilities in earlier project phases
have not been adequately described in the previous literature. Hence, this study describes
and validates an MCC process as a potential solution to these problems.

The literature indicates 12key elements that must be managed during the whole
construction project, related to service and maintenance, quality, product, data and project
management. The current challenges in maintenance are various, starting with not
considering the maintenance phase in the design phase. There are challenges in data
availability and reliability, data not being up to date and in manual data transfer between
information systems. Personnel-related challenges exist as well, including carelessness,
missing competencies and resistance to change. Our study found 12 relevant MCC elements
and provides insight on how to address these in the design and construction phases.

The results indicate that the MCC process could provide a solution to the presented
challenges. Key requirements and activities of the MCC process were listed, and they were
further divided into six stages of the design and construction process, with respective
management practices for validation. Governance and owners also agreed to support the
process.

The limitations of this study include the small number of analysed companies, although
both companies are large players in the construction maintenance area, and the interviewees
had broad experience. The process was validated for use in Company A, but real-life testing
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remains for future studies. The use of the MCC process in other types of projects and in Maintenance
smaller projects requires further studies to finetune the process for the context. While the capability
validation was performed with large life cycle projects, the main principles of the process

) : . : : creation
should apply to any kind of construction environment. It would also be interesting to test the
MCC process in infrastructure projects.
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Appendix

MCC element Sub-elements References
1. Real estate Technical services, maintenance operations, KH X9-00526 (2013)
maintenance cleaning services and maintenance of outdoor RT 103166 (2020)

496 areas Isoherranen and Majava (2018)
2. Energy Simulations and tests. Consumption, follow-up ~ KH X9-00526 (2013)
management services  and energy savings RT 103166 (2020)

3. Facility and user Office, lobby, canteen, security, IT, user and KH X9-00526 (2013)

services employee services RT 103166 (2020)

4. Building - Pirinen and Kukkonen (2001)
management plan RT 18-10922 (2008)

and maintenance RT 103166 (2020)

manual

Isoherranen and Majava (2018)

5. Sourcing and Materials and logistics process. Critical material Tolonen et al. (2017)

logistics availability. Key suppliers and service providers Isoherranen and Majava (2018)
6. Quality Quality requirements of operative management, RT 103166 (2020)
management cleaning services, outdoor area maintenance. Verrollot ef al. (2017)
Requirements for service partners and other
stakeholders

Service and quality reporting. Personnel and
data systems in maintenance

Annunen et al. (2021)
Gao and Pishdad-Bozorgi (2019)
RT 103166 (2020)
8. Data management  Data management process including utilisation, ~ Silvola et al. (2019)
creation, storing, updating and archiving the Halttula et al. (2020)
data. Mansoori ef al. (2022)
Communication channels and data transfer Jupp (2013)
policy. Centralised data management, data Boton et al. (2016)
interfaces KH 90-00612 (2016)
Product structure, product data, product Silvola et al. (2019)
management process. Governance and Halttula et al. (2020)
ownership of the product data. Change Mansoori et al. (2022)
management Jupp (2013)

Boton et al. (2016)

Harkonen et al. (2019)
Required documentation, training materials and Annunen ef al. (2021)
practices. Resources and their capabilities for Verrollot et al. (2017)
maintenance Lavy and Jawadekar (2014)
Early involvement, personnel collaboration, Halttula et al. (2020)
requirement integration Hietajarvi and Aaltonen (2018)
Project planning and reporting. Cost RT 103166 (2020)
management, document management and Isoherranen and Majava (2018)
requirement management. Customer satisfaction Tolonen et al. (2017)

7. Reporting and
coordination

9. Product
management

10. Training

Table A1 11. Collaboration

Literature review on 12 MCC project
required elements for management
facility maintenance
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