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I I S R R

Abstract: Buildings are susceptible to both inherent and external vulnerabilities throughout all phases of the
construction process, spanning from design to occupancy. Many types of failures can impact these structures.
Researching building failures involves a three-step approach: listening, categorizing, and determining solutions
that prioritize the least invasive and cost-effective interventions. This research aims to present different
prioritization methods and identify the most appropriate methodology for diagnosing and addressing specific
failures. The research evaluates conventional tools, as follows BASICO, SWIFT, FMEA, AFF, and GUT matrix,
offering a critical analysis of their strengths and weaknesses. A case study focusing on moisture-related
maintenance services for building facades is presented. Finally, the GUT matrix and the FMEA method are the
most effective approaches for addressing building failures, however, the GUT matrix stands out for being easier
to apply in building maintenance management.

Keywords: maintenance management; failure; life cycle

1. Introduction

The building materials and components degradation in their life cycle is a well-known and non-
controversial topic. Several authors [1 - 3] attribute this degradation to the effects of natural aging
and/or natural and/or anthropogenic events. Therefore, it is necessary to define the building
conservation state through qualitative and quantitative procedures and methods to assist in the
identification, the extent of the damage, and the development of strategies for intervention [4 - 7].

After qualitative and quantitative analysis, maintenance services are planned to address the
most critical areas, ensuring compliance with user safety, habitability, and sustainability, according
to Brazilian standardization [8 - 10].

Nonetheless, a critical factor significantly influences the buildings’s life cycle — the enduring
solutions, although more costly upfront, prove to be the most advantageous over the entirety of the
structure’s lifecycle. [11, 12]

The negligence maintenance added to a maintenance program's importance of being operated
in a manner aimed at achieving goals and objectives [13]. Although the facilities management concept
has been applied in Europe and the USA since the 1980s, it was only with the creation of the Brazilian
Facilities Association in 2004. It should be noted that occurrences related to building failures often
cause numerous inconveniences for users and professionals that consequences interfering with other
installed systems.

Given the above, the creation of a maintenance management plan containing actions of detective,
predictive, preventive, and corrective types (see Table 1), covering new and old systems.

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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Table 1. Maintenance types."

Maintenance types Applicability
Detective Hidden or not a hidden failure
Predictive Condition reform or performance
parameter
Preventive Constant and cyclical services
Corrective Sudden and urgent demand, normally
with high costs.

1 Table created by the authors based on [9, 14]

The lists some possible factors that cause building deterioration: natural (resulting from climatic
and biological agents), design error, building process influence, low maintenance services, being that
failures resulting from one or more factors cause the loss of the building's functionality and
compromises its cycle life [15].

Given that effective building maintenance is essential for maintaining both the structural
integrity and visual appeal of a building over its entire lifespan, the owner or administrator bears the
responsibility of supervising all activities related to materials and components. Consequently,
establishing clearly defined building maintenance strategies becomes paramount

Maintenance management tools play a pivotal role in facilitating effective building system
operation to meet user requirements and prolong the building’s life cycle. These contemporary
management technologies empower sustainable maintenance practices and enable the anticipation
of potential failures, thereby facilitating the timely execution of scheduled maintenance activities [16,
17].

The methods practiced in other areas can be implemented within building maintenance
procedures such as strategic maps, management performance indicators such as BSC (Balanced Score
Card) and KPI (Key Performance Indicators); services such as SLA (Service Level Management) and
practices such as PDCA (Plan, Do, Check and Control) [13].

The inspection procedure for a building can be defined as a check-up of the building, aiming at
the functionality and durability of the project through a precise and careful diagnosis of all facilities
to identify all pathological manifestations for future measures [18]. It is an important tool of
engineering, see Figure 1.
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Figure 1. Engineering diagnostic organization.

The intervention “time” aspect directly interferes with the operations costs which have higher
potential maximized in occupied structures, causing mobilizations, equipment downtime,
performance production loss performance, and others [19].

Motivation and Contribution of the Work
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Neglecting building maintenance and underestimating the importance of operating
maintenance programs with well-defined goals and objectives can have profound repercussions on
building life cycle, user safety, habitability, and sustainability because building failures can lead to
numerous inconveniences for both users and professionals, causing disruptions in other integrated
systems. The main contribution can be summarized as follows:

(i) Management tools: system analysis methods including failures assessment and management
that contributed to a prioritization services repair, i.e.,, the compilation of principals’
management methods to be employed in building maintenance. Moreover, the multi-criteria
method is capable of being adjusted for any failure in buildings, making it possible to define the
most appropriate tool to be used in each case study to extend the useful life of buildings and
contribute to social, environmental, and economic aspects inserted in the sustainable
development concept.

(i) Management impact: Reduced impact on planned building maintenance cost [12] with more
efficient planning, enabling more strategic maintenance service cost planning because of
integration analysis methods.

(iii) Evaluation and testing: This work contributes to a simplified procedure. The methodological
strategy introduces an easy and adaptable approach to the most appropriate management tool
for each case since it is an important tool for planning services for which to validate the proposed
approach in a specific case study about moisture fagade.

To illustrate this study, i.e., the choice of the best management tool, the results of the research
developed by [7] are presented in “Methods”, where the building moisture fagade was mapped. This
is very important research [20 — 24] because moisture reason different levels of deterioration in
building materials and components, compromising its life cycle and consequently increasing
maintenance costs.

Therefore, the moisture facade of a building was qualified and quantified according to the
proposed methodology in 2 stages [7], as follows:

Stage 1 - Moisture facade qualification: the Autodesk AutoCAD (computational tool) was used to
represent the study area (graphic representation of the facade), and then a thermographic camera
was used to detect the presence of moisture on the facade in building materials. Finally, the
thermograms overlapped on the project (design) of the facade and the different types of moisture
were identified, such as accidental (resulting, for example, from failures in the piping systems),
percolation (due to rainwater that allows access through cracks, others holes), upward (presence of
water in the soil), among others.

Stage 2 — Moisture facade quantification: In this step, the area affected by each type of moisture
building's facade was calculated and, finally, the GUT matrix was used to develop the strategy for
repairing the anomalies.

The proposed methodology provided an easy approach to qualify and quantify moisture on the
facade, as well as develop an intervention strategy (through the GUT matrix) which is important for
planning repair services as it considers the causes of damage. However, others tools can be used,
which can often generate doubts among professionals [21].

Management tools were developed to optimize the use of resources and reduce errors,
prioritizing product/service quality, and user satisfaction, and ensuring project effectiveness. The
GUT matrix stands out for not requiring formal training and is applied to solve quality-related
problems [21].

However, as presented in this work, several tools can be used. Therefore, this paper aims to carry
out a critical analysis of the tools applicable in prioritizing the intervention of building failures, that
is, in maintenance services, presenting the definition of the methods: BASICO, SWIFT, FMEA, AAF,
and GUT, their respective advantages and disadvantages. Therefore, highlighting the research is the
analysis of some of the methods for prioritizing maintenance service procedures. Defined which is
most suitable to assist future services to be carried out in favor of the design durability.

2. Materials and Methods
2.1. Materials
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Once the project's failures have been carried out, identifying the causes of the pathological
manifestations, it is important to assess their scope and the damage extent, including asymptomatic
focus that has not yet been identified. The tool's significance makes it possible to measure the degree
of risk, after the tendency loss, medium, and high development [25]. The tools presented in this work
come from the Production Management Theory that undergo small adaptations, so that they can be
successfully used in diagnostic engineering. In this sense, some tools that are to be used in the
maintenance building services are briefly presented below.

2.1.1. BASIC Matrix
This tool offers multiple choices based on 6 (six) criteria [26, 27], such as:

(1) Benefits (B) for the organization, in this case, the enterprise under study.
(ii) Results scope (R) to be achieved.
(iii) Satisfaction (S) of employees directly involved in the process.
(iv) Investment (I), i.e., the means for implementation.
(v) Customer (C)represents the impact that improvements will provide to them.
(vi) Execution (E), i.e., how the procedure will be carried out with physical, social, legal, and technical
difficulties.

The scoring criteria for this tool are shown in Table 2. The matrix stage is based on the sum of
the advantages offered to each procedure. Finally, the results are a list with decreasing order of sum.
This method requires a specific requirement for the procedure, and it needs professional expertise.
Furthermore, intervention criteria, such as risk and urgency, are removed from the analysis.

Table 2. Criteria Score (BASIC Matrix)'.

Amount B R S I C E
5 highest 70 a 100% highest worst highest easiest
4 high 40 a 70% high worse high easy
3 normal 20 a 40% normal relevant impact normal
2 low 5a20% low good low hard
1 lowest até 5% lowest better lowest hardiest

1 Table created by the authors based on [26].

2.1.2.”. What/If” Structured Technique — SWIFT

This tool consists of meetings to discuss questions on the proposed topics. Therefore, the team
has higher technical-administrative knowledge about the subject for manner dynamics efficiency.
Cause and consequence must be presented at the meeting. Finally, a list of risks that could occur in
an action/omission of procedure is listened to. However, the technique showed possible risks but is
unable to classify to gravity.

The SWIFT tool presents itself as a general, qualitative, and simple-to-execute analysis [28] with
applicability in the design or pre-operational phase and aims to identify the risks, such as building
failures. However, it is employees in the inspection planning step when the engineering team and/ or
professionals develop alternatives for eliminating failure potential.

2.1.3. Failure Mode and Effect Analysis (FMEA)

This tool was developed by NASA in 1963, during the APOLLO mission to analyze the possible
failure modes in a product or process and determine the effects of each one on the system studied
[29].

The technique consists of a deductive procedure [30]. It does not require complete calculations
to elaborate a systematic and complete problem solution. It seeks to identify and rank critical failures
in more detail, showing their potential risks and serving and the plan development to failures in
products or processes.

This tool is without flaws and requires special attention during the implementation process
because it is based on a quantitative elaboration process expressed in Table 3 [31].
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Table 3. FMEA tool.

Amount Event Gravity Cognition
1 Never No Almost certain
2 Lowest Lowest Highest
3 Unusual Too small High
4 Low Small Great
5 Accidental Normal Normal
6 Mean Great Low
7 Usual High Lowest
8 High Highest Minimum
9 Highest Severe Unusual

10 Sure Very severe Impossible

! Table created by the authors based on [31, 32].

2.1.4. Fault Tree Analysis (FTA)

The FTA tool is a failure analysis mode through a logical diagram [33, 34]. It consists of
identifying the top event or effect and, from there, all failures that, alone or together, may have
contributed to appearance and, consequently, performance losses. The flowchart process used
symbols such as the rectangle, the circle, and the logical operators AND and OR [33], see Figure 2.

structure rupture

corrosion solder joint operation
discontinuity al error

Figure 2. FTA for structural rupture.

2.1.5. GUT Matrix (Gravity, Urgency and Tendency)

The GUT prioritization matrix, as outlined by [7], provides a structured approach for problem
identification, utilizing three key criteria: Gravity, Urgency, and Tendency, Gravity pertains to the
severity of the potential damage, Urgency evaluates the timeframe within which undesirable
outcomes might materialize if no intervention occurs; Tendency signifies the anticipated progression
of a problem when left unattended. By multiplying these criteria (G x U x T), the GUT calculation
offers a means to determine the highest or lowest priority for a given demand [35]. Importantly, this
tool complements other strategies and is closely linked to the PDCA cycle (Plan, Do, Check, and Act)
[36], see Figure 3.
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Figure 3. PDCA tool.

Each of the indicators, representing various failure types), is evaluated on a scale of 1 to 5 across
three characteristics: Gravity, Urgency, and Tendency, as detailed in Table 3. It is important to note
that the observed correlation between the origins of these anomalies and their respective scores aligns
with previous research [7, 37], highlighting the connection between material performance and
durability shortcomings.

GUT matrix limitation is a quantitative priority assessment [37]. Additionally, similar to other
methods, the analysis is frequently conducted subjectively, without the assistance of an indicator
table, leading to the potential for inaccuracies in the results assessment. This highlights a persistent
issue regarding the inadequacy of attention directed toward maintenance routines.

Table 3. The GUT scoring method for failure!.

Gravity Urgency Tendency
Amount

Result Deadline Progress
5 Strongly Priority Strongly
4 High Important High
3 Severe Urgent Full
2 Low Low Little
1 No No No

! Table created by the authors based on [7, 37].

Table 4 presents the main advantages and disadvantages of each method described previously.

Table 4. Management tool: summary of advantages and disadvantages.

Tool Advantages Disadvantages
BASIC Easy and adaptable Subjective 2 nd. without
urgency criterion
What/If (SWIFT) Easy 1nFegrat10n between Without urgency criterion
professionals
Easy and cross-system Design-oriented and hide
FMEA .
Improvement results.
AAF Identifying the failure causes Qualitative
GUT Fast and adaptable to other tools Prior research

2.2. Methods

The managerial or operational process can quickly evolve into a complex question with many

variants and limiting factors, including time, financial limitations, and technical expertise. In the face
of anomalies and positive attributes alike, diagnostic professionals encounter constraints that prompt
them to seek transparent and objective criteria for prioritizing essential interventions.
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The multi-criteria method has a list of characteristics that weigh to be assigned to topics.
Therefore The indicators (elements) combination creates a values "mosaic" for a better ordering of the
tasks that will need to be carried out in advance [38]. This methodology could estimate the project
life cycle due to anomalies. However, it can be adapted for each case [7].

Hence, when it comes to repairing and preserving building services, these actions can be
considered as the parameters set by errors in design quality, material selection, or management tool
particularities. In the case study presented below, the procedure will be used to define the best
management tool considering the specific case. It is possible to adapt to other situations.

In this research, the process was suitable for evaluating management tools, see Table 5 and
Equation (1). This precedent aims to create a relationship between which prioritization tool should
be used given the evaluation indicators of each tool.

MT = A.B.C.D.E.F.G (1)

Being: MT is the estimated all indicators management tool.
A, B, C, D, E, F, G the indicator, see Table 5.

Table 5. The indicators of the building failures for the characteristics of quality’.

Indicators Description Bad Ordinary Good
Time spent to
A Usability implement the Low Ordinary High
chosen method
Interoperability
. with other
B Tools adaptation No Somewhat Yes
management and
operation tools
C Scope Scope Little Several A lot
D Database quality Database results | Unreliable | Accepted | Reliable
E Diagnostic accuracy Results detail Poor Ordinary | Excellent
F Duration Time spent High Average Low
G | Professional expertise Professional High Average Low
Indicator weight 0,8 1,0 1,2

! Table created by the authors based on [7, 38]

3. Results and analysis. Case study

Research on building facades involves extensive research of the impermeability of building
materials, with the ultimate goal of formulating efficient maintenance and repair strategies. Moisture
is very common in buildings and can lead to a spectrum of deterioration issues, ultimately
diminishing the life cycle of structures [39 - 42]. However, detecting and assessing moisture presents
a complex challenge.

In this context, infrared thermography emerges as a valuable tool for both qualitative and
quantitative evaluation of moisture levels on building facades, as demonstrated in previous research
[7]. This case study underscores the importance of defining the most suitable management tool for
addressing these moisture-related concerns.

Delfim Moreira School, see Figure 4, stands as a testament to Brazil’s architectural heritage
during the late 19" and early 20" centuries, Situated in Juiz de Fora city, Minas Gerais, this historic
building serves as a vivid reminder of the past. The mansion's main facade exudes an elegant
symmetry, characterized by three distinct panels flanked by prominent pilasters topped with
Corinthian capitals. These panels are seamlessly interwoven with a rhythmic sequence of elongated
spans, with the parapet windows taking center stage. However, these windows have seen better days,
now appearing weathered and worn [7].

On the ground floor of the facade, the windows boast lintels and superlintels in a graceful arched
design, framed in wood. The wooden sills, slightly protruding outward, add a touch of character.
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The windows are further adorned with a delicate frame that gracefully surrounds the entire perimeter,
seamlessly integrating with the masonry for a polished finish.

When it comes to preserving this architectural gem, the primary challenge lies in dealing with
the pervasive issue of moisture. The passage of time has exposed these venerable structures to
numerous cycles of wetting and drying, significantly impacting the integrity of their materials. To
safeguard this historical treasure, meticulous attention must be paid not only to investigative
processes but also to the material's response to these environmental factors.

One of the primary determinants impacting the preservation of this building is the ever-present
challenge of moisture infiltration. Addressing this issue necessitates careful consideration of
investigative processes, as well as a thorough understanding of how various building materials
interact with moisture, as outlined in [7].

Figure 4. Delfim Moreira School.

Figures 5 and 6 show the mapping of damage caused by moisture [7] obtained using a
thermographic camera where a strategic methodology was used with the computational tools (i.e.,
Autodesk Autocad and MatLab). This procedure allowed us to define the moisture on the building's
facade as well as classify it as follows:

Accidental moisture (AM): arises from issues within the piping systems, including rainwater,
resulting in infiltrations.

Building moisture (BM): refers to the moisture trapped within the materials building during
construction.

Percolation moisture (PM): is marked by the infiltration of external moisture into internal spaces,
often through small cracks.

Upward moisture (UM): involves the presence of water rising from the ground.

Figure 5 illustrates a more pronounced occurrence of percolation moisture, while Figure 6
highlights the prevalence of upward moisture. Accidental moisture intrusion can be attributed to flaws
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in the rainwater collection system on the roof, whereas building moisture is a consequence of
construction errors related to the expansion of the structure. These issues can be traced back to
inadequate design and construction of the joints connecting different sections of the building.

The research detailed in [7], systematically categorized the interventions (refer to Table 6), taking
into account the nature of the moisture problem and its potential to compromise the building’s life
cycle and overall durability. This comprehensive approach was instrumental in the development of
rehabilitation procedures.

Upward moisture

Figure 5. The mapping of the damage on the main fagade [7].

TUERnaRyuneEnEeey

L JI

Percolation moisture

Upward moisture

V
Accidental moisture % Building moisture
Figure 6. The mapping of the damage on the secondary fagade [7].

Table 6. The GUT matrix!.

Type of Main facgade (Fig. 4? . Secondary fagade (Fig: 5).
moisture | G | U | T | GUT Priority clulT!gur Priority
scale scale
UM 5 4 | 4 80 20 5 4 4 80 20
PM 555 125 10 555 125 10
AM I 543 60 g
BM o 54 4] 80 30

! Table created by the authors based on [7].

Table 7 presents the analysis that listed and qualified the management tools in this moisture
failure research, according to the proposed in Table 5. It is verifying the GUT matrix and FMEA is
most appropriate. It should be noted that the evaluation was conducted individually so that the
analysis of the factors of one of the methods did not influence the other competing method. The study
also confirmed that methods with similar implementation routines tend to have similar scores. It can
also be confirmed that the methods with lower scores about the criteria have more qualitative
characteristics than quantitative ones or do not have an interface that allows them to be rewritten in
numerical form.
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Considering the proposed management maintenance services tool and based on the results
presented in Table 7, an analysis of the FMEA tool is shown in Table 8.

Table 7. Management tools analysis.

Indicators BASIC | SWIFT FMEA AAF GUT
A Usability 1,2 1,0 1,2 1,0 1,2
B Tools adaptation 0,8 0,8 1,2 0,8 1,2
C Scope 1,0 1,2 1,0 1,0 1,0
D Database quality 1,0 1,0 1,2 1,2 1,2
E Diagnostic accuracy 0,8 1,0 1,0 1,2 1,0
F Duration 1,0 1,0 1,2 0,8 1,2
G Professional expertise 1,2 1,0 0,8 0,8 0,8
MT (Equation (1)) 0,92 (4°) | 0,96 (2°) | 1,66 (1°) | 0,74 (3°) | 1,66 (1°)
Table 8. The FMEA.
Type of Main facade (Fig. 4? . Secondary facade (Fig: 5).
moisture | E | G | C | EGC | THOUY | g g | ¢ | gge | Prionty
scale scale
UM 9 | 9| 5| 405 10 9 |9 | 5 | 405 10
PM 9 | 9 | 5| 405 10 6 | 5|5 150 20
AM - -] - 9|9 | 5 | 405 10
BM S 6 | 6 | 4 144 30

Analyzing Table 8 it can see that there is a divergence in the database provided by the GUT
matrix. It is possible to see that the professional qualification will have a strong influence on the
results, making database analysis difficult. If the operator has little professional experience in
anomaly diagnosis in buildings, it will compromise the intervention management, time, and cost of
maintenance services.

In the case of the GUT matrix, it enables systematization and database collection to facilitate a
potential problem, more clearly identifying possible harms under three dimensions: gravity, urgency,
and tendency. It is easier and better to organize the database, i.e., it indicates the greater or lesser
priority of the problem about others.

Finally, it is highlighted that the crucial value of this work is to strengthen the multidisciplinary
professionals’ work, to provide the survey phase (diagnosis), the database preparation, and the
analysis phase to get an efficient study and achieve better results.

4. Conclusions

This work made it possible to approach different risk prioritization methods, making it possible
to analyze them using different criteria, both qualitative and quantitative. Therefore, it was possible
to observe that the methods depend on the situation and context, not to mention the expertise of the
professionals who must possess the training and experience required for thorough, precise, and
informed decision-making. The importance of using a supporting methodology at one’s disposal to
aid in selecting the most suitable approach for a given intervention.

Furthermore, considering that most inspections are conducted visually, professionals who
prioritize stringent criteria should not disregard the utility of tools like GUT or FMEA, as they
encompass the necessary features for making precise interventions in the context of moisture-related
issues, as illustrated in our case. However, they should choose a tool that provides an easy solution
to the proposed problems, especially for maintenance services, as is the case with the GUT matrix.

It is also worth recommending that a qualitative analysis tool be used concomitantly, such as the
Fault Tree Analysis, which complements the diagnosis process by mapping out the sequence of
actions that lead to anomalies. This approach allows for a more accurate determination of the root
causes of the problem, resulting in more good work while potentially reducing financial, material,
and costs, even though it may necessitate a more elaborate implementation process.
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Buildings are complex design and come from a set of different electrical, sanitary, fire, and
structural systems that require periodic maintenance so that they can maintain safety for those who
live there. The lack of life cycle building can lead to the loss of human life in addition to serious
financial losses to people. Fortunately, growing awareness of the importance of building maintenance
services is contributing to a considerable reduction in accidents and damage to people and property.
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