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ABSTRACT 
Housebuilding companies are required to deal with customer complaints in the warranty 
period. Some of them have maintenance departments that make necessary repairs in 
existing buildings. Due to this service, companies accumulate records on the quality of 
projects, which can contribute to the understanding of occurrence defects and their causes, 
supporting continuous improvement. However, deficiencies in information management 
can make it difficult to use complaints records as a feedback source. The literature does 
not discuss solutions for managing information related to customer complaints, nor the 
use of performance metrics that can effectively provide feedback from quality problems 
identified. This study has two contributions: a classification structure for the types of 
defects identified from complaints, and indicators generated by fault tree analysis. The 
study was carried out in the maintenance department of a Brazilian housebuilding 
company. The evidence sources used were: complaint database analysis, discussion 
seminars, and interviews with the company representatives. The proposed solutions 
resulted in improvements regarding the structure and level of detail of the records. Also, 
the fault tree analysis made it possible to identify the most critical quality problems as 
well as to evaluate the level of impact of each one in project quality. 
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INTRODUCTION 
The demand by construction clients for quality products and services is on the increase, 
who have become more aware of their rights regarding the quality of products and 
services (Öztaş et al. 2007; Picchi and Agopyan 1993). In Brazil, consumer rights are 
strongly supported by the Consumer Protection Code (Brazil 1990) and the Building 
Performance Standard (NBR 15575) (ABNT 2013). In this context, there is a growing 
number of lawsuits that have been decided in favor of costumers (Rohr et al. 2019). 

Despite increased litigation, quality management systems deployed by contractors in 
Brazil are still ineffective, resulting in high rates of building defects (Berr 2016; Brito et 
al. 2011; Cupertino and Brandstetter 2015; Fantinatti 2008). The occurrence of defect 
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results in waste, high repair costs, and a negative impact on customer satisfaction and on 
company's brand (Milion et al. 2016; Mills et al. 2009; Rosenfeld 2009). According to 
Koskela et al. (2019), one reason for this scenario is the little attention provided by the 
ISO 9000 set of standards to the implementation of the continuous improvement principle. 
Only in the latest revision of those standards, in 2015, a less procedural approach for the 
Plan-Do-Check-Act cycle (PDCA) was adopted, emphasizing the application of that cycle 
at all managerial levels of organizations (Koskela et al. 2019). Koskela et al. (2019) also 
point out that in order to maintain and improve quality, companies need information and 
knowledge that can be obtained from real-world observations. 

In the PDCA cycle, improvement opportunities must be identified, and corrective and 
preventive actions must be planned (ISO 9001:2015), and this can be supported by the 
analysis of customer complaints (Cavalcanti 2012). By dealing with customer complaints 
during the product warranty period, companies have the opportunity to obtain information 
on project quality. These records may be used to generate a database, which can aid the 
comprehension of common defects and their causes so as to provide feedback for future 
projects (Carneiro et al. 2016; Cavalcanti 2012; Cupertino and Brandstetter 2015).  

However, customer complaint data are rarely fully explored by housebuilding 
companies, due to difficulties in managing this type of information (Cavalcanti 2012). 
Complaint data are often collected and stored without an adequate structure, generating 
inconsistent information, which provides little support to the implementation of 
improvements. Also, inconsistent quality indicators are generated due to those problems 
(Brito et al. 2011; Cupertino and Brandstetter 2015). Although some studies approached 
the use of complaint data, there is a gap in knowledge regarding how to structure 
information on defects so that it can be used for continuous improvement. Most studies 
developed so far are limited to a descriptive analysis of the frequency of different types 
of defects (Brito et al. 2011; Cupertino and Brandstetter 2015; Forcada et al. 2013, 2015).  

This research aims to use the complaints records of the maintenance departments as a 
source of learning for continuous improvement in quality management systems of 
construction companies. Its main contributions are: (i) a classification structure of the 
defects to be used in the storage and analysis of complaint data; and (ii) a set of indicators 
related to building defects based on the use of Fault Tree Analysis (FTA).  

LITERATURE REVIEW 

COMPLAINT 
When customers’ expectations are not fulfilled or if they still feel unsatisfied, there are 
several forms of reaction, including making complaints to the company (Singh 1988). 
Thus, a complaint is a statement of unmet expectations and therefore an opportunity for 
the company to handle the customer frustrations to increase the level of satisfaction 
(Barlow and Moller 1996). According to Barlow and Moller (1996), companies do not 
like to hear complaints because they attribute to them a negative reputation of their own 
business. By contrast, consumer-focused companies usually encourage their clients to 
complain directly to their representatives (Barlow and Moller 1996; Fisher 1999) by 
considering a complaint as an opportunity for remedial action. In addition, this makes it 
possible the capture of relevant information to improve products and services (Fisher 
1999). 

In the real-estate market, customers often make complaints because product purchase 
value is high. Moreover, much importance is given to this purchase because a large part 
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of the population makes a single purchase of this type of product in a lifetime (Barlow 
and Moller 1996). 

DEFECTS 
Several words can be used to describe the lack of quality in the literature, such as error, 
failure, defect, rework, or non-conformance. However, there is no consensus on these 
definitions in the academic world (Rausand and ØIen 1996). According to ISO 9000 
(ABNT 2015), non-conformance is "the non-fulfilment of a requirement" and a defect is 
the non-fulfilment of a requirement related to an intended or specified use". However, 
Davis et al. (1989) considers that there is no practical difference between non-
conformities and defects. Atkinson (1987) makes a distinction between failure, defined 
as a deviation from good practice, which may or may not be corrected before the delivery 
of the building, and a defect, understood as a performance deficit that manifests itself 
when the building is in operation. Watt (1999) supports this definition and points out that 
defect is an imperfection or deficiency in the function, performance, legal requirements 
or user requirements of a building and manifests itself within the structure, production, 
services or other facilities of the affected building. Finally, the term pathological 
manifestation is also commonly used in the construction industry to describe visible 
defects manifested in buildings, such as cracks, stains, detachments, among others 
(Alexandre 2008; Carraro and Fernando 2014; Gnipper 2010). 

According to Josephson and Hammarlund (1999), the cause is the reason for the 
existence of a defect, and there may be a combination of several causes or a chain of 
causes associated with the occurrence of a defect. Causes of defects may be related to 
failures in design, execution, use of inappropriate materials, improper use or absent of 
maintenance (Rausand and ØIen 1996).  

Chong and Low (2006) identified 18,704 defects recorded in reports from 
condominium managers in 74 projects. A large percentage (60%) of causes of defects 
were associated to design problems, while only 4% were associated to maintenance 
failures. Brito et al. (2011) analysed a database of 6,956 complaints from users in 42 
social housing projects, with occupancy times from 3 to 5 years. That study concluded 
that 61% of the records were related to design and construction defects, followed by 
maintenance defects (29%) and user behaviour problems (10%). Overall, those studies 
show that most of the defects identified in the use stage of projects can be associated with 
design and construction failures. 

FAULT TREE ANALYSIS 
Fault Tree Analysis (FTA) is a tool used for quality improvements, based on the analysis 
of failures and their causes (Freitas and Colosimo 1997). FTA is used to identify the 
causes of failures and to develop logical relationships between the most basic causes and 
the total system failure. This tool is represented by a diagram in which it is possible both 
to get an overview of the cause-effect relationships, and to calculate the risks of a system 
failing (Freitas and Colosimo 1997). The risks are quantified from the probability of 
occurrence of basic and top events. Therefore, the probability of the top event is calculated 
from the probabilities of the basic events, propagating them until the risk of failure for 
the top event is estimated (Abdelgawad and Fayek 2011). 

FTA uses Boolean operators AND and OR to calculate probabilities. The AND 
operator is used to represent the logic that the upper event cannot occur unless all lower 
events occur, and the OR operator is used to represent the logic that the occurrence of any 
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single event at the lower level is sufficient for the upper event to occurs. For the context 
of the construction industry, the OR operator is commonly used because only the 
occurrence of one type of defect is often sufficient for the building element or system to 
fail (Abdelgawad and Fayek 2011) 

From FTA results, it is possible to identify the level of contribution that the occurrence 
of each basic event has on the system failure (Tian et al. 2013). Furthermore, by analyzing 
the incidence of failures together with Boolean operators, it is possible to determine the 
different probabilities and reasons that lead to system failure, with the aim of supporting 
decision making, and improving system reliability (Tian et al. 2013). 

RESEARCH METHOD 
This research study was carried out with the maintenance department of a Brazilian 
housebuilding company located in the Porto Alegre, Brazil. This is considered to be a 
leading company in this segment of the construction industry and is well-known for being 
very advanced in the implementation of Lean Production practices, including the Last 
Planner System, Visual Management, and material supply Kanban systems. This 
company has a Technical Assistance Department, which is in charge of dealing with 
complaints. A large database with complaint data has been created, which is used to 
trigger repair activities and provide feedback for future projects.  

The main sources of evidence used in this investigation are: (i) analysis of the database, 
containing 5,628 records of complaints, between January 2017 and March 2018, related 
to thirty projects, during the warranty period; (ii) semi-structured interviews with the 
representatives from different areas: design, material supply, quality management, 
planning and cost estimating, and production management; and (iii) two seminars to 
discuss the results. 

The defects reported by customers were categorized and organized according to a 
classification structure. This restructuring was necessary since there were too many 
categories of complaints, which were confusing and ambiguous, making it difficult to 
consistently analyze data. 

The new structure was based on the definitions of "component", "elements" and 
"systems" made by NBR 15575 (ABNT 2013) and according to classifications found in 
previous studies on building defects (Berr 2016; Brito et al. 2011; Chong and Low 2006; 
Das and Chew 2011; Forcada et al. 2013; Georgiou 2010; Macarulla et al. 2013). This 
structure also considered the warranty period of building components, as established by 
NBR 15575 (ABNT 2013). 

The category called "defect detailing" was also proposed in this structure. The 
importance of this classification was highlighted in the semi-structured interviews. Unlike 
other data sources, it is possible to collect data on defects with a higher level of detail 
during repair services, as the team in charge of that has to do an initial inspection of the 
defect. As an example, it is possible to check during the inspection the exact position of 
a crack. For some defect types, this type of classification has not been created, since it is 
not possible to obtain further details about defects based on visual inspection. The "defect 
detailing" category was created from specific characteristics of the defects reported in the 
literature and from reports found in the company's database. 

Due to the limited number of records available for this investigation, the categories 
"component" and "defect detailing" were not used as variables in data analysis. As a 
suggestion, they should be considered in future studies if more data is available.  
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Finally, data analysis was carried out using only the complaints records whose defect 
was caused by a design or construction failure, i.e, the responsibility for repairing the 
defect lies with the company. The analysis was performed and represented by using a 
fault tree analysis (FTA), allowing for the identification of the occurrence probability of 
the types of defects at the different levels, systems and elements of the projects. The 
probability of an event occurring is the ratio between favourable and possible results 
(Costa Neto 2002). In this investigation, favourable results refer to the frequency of 
occurrence of the fault type and, as possible results, the house number covered by 
warranty. Therefore, the warranty periods established for each type of fault was 
considered. 

RESULTS AND DISCUSSION 

DEFECT CLASSIFICATION STRUCTURE 
The classification structure of the defect types was organized into six levels of detail, as 
shown in  

Figure 1. 

 

Figure 1: Defect classification structure 

The first level refers to the environment (space) in which the defect is located such as 
bathroom, bedroom, kitchen and others. The following three levels refer to the "system", 
"element" and "component" of the building, while the fifth and sixth level refer to the 
description of the type of defect, "type of defect" and "defect detailing". 

Six categories were proposed for the system level: building systems, frames, vertical 
partitions, horizontal partitions, structure and complementary. About the latter, it is 
composed of elements of the building, no less important, but which do not belong to the 
other categories of systems such as mailboxes, barbecue equipment, furniture installed in 
commercial projects, among others. 

In Figure 1, an example of a defect reported by customers is presented. In this case, 
the detachment of the ceramic tile occurred, due to the loss of adherence between the 
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substrate and the adhesive mortar. The defect was identified on the bathroom floor. It 
must be pointed out that the category "defect detail" adds information to the records, 
helping to identify the root causes of problems. In this example, the error in the 
specification or manufacturing ceramic materials can be discarded as the loss of 
adherence occurred between other components of the horizontal partitions. Based on that 
information, the company can hold detailed information for precise actions in the 
implementation of the company's process improvement. 

In general, the proposed structure seeks to organize information about the defects 
hierarchically and logically. This allows an easy to choice between options with few 
alternatives at each level of information detail, in order to avoid having too many 
categories throughout the structure. Besides, the structure provides clear classification 
criteria, without ambiguities, mitigating possible data inconsistency analysis. Finally, 
levels of detailing of the information proposed can be used depending on the purpose of 
analysis, for example, the two lowest levels – the type of defect and defect detailing - can 
be used to investigate the causes of the problem, while the first level - system - can be 
used to support management decisions based on the records of systems that have shown 
low performance. 

SORTING OF COMPLAINTS RECORDS 
Due to failures in data collection, it was necessary to discard a large number of complaint 
records because they were inconsistent or difficult understanding: As shown in Figure 2a, 
69.28% were considered valid records, while 30.72% were considered invalid. As an 
example, part of the records did not have enough information to allow classification of 
the defect, so they were not considered in the analysis. These discarded records are mostly 
a result of the lack of an adequate data collection structure. 

 

 

Figure 2: Frequency of (a) records analysed (b) nature of valid records 

 Regarding valid complaint records (Figure 2b), 70,30% are complaints of defects whose 
repair is the company’s responsibility, named construction defects, while 27.24% of 
records deal with complaints on the defects that not related to design and construction 
defects. These are some examples this type of complaint: (i) occurrence of defects due to 
lack of maintenance (ii) defects generated by inadequate changes in the building; and,(iii) 
improper use of building components (such as irregular waste disposal in the sewage 
system, cleaning with too much water in non-waterproofed areas, and absence of 
ventilation causing moulds on surfaces). Finally, only 2,46% of records are related to 
inadequate repair services that have generated new complaints. 

Although the first entail higher costs for the company due to the responsibility for 
repairing the defect, the other records types cannot be ignored as they represent around 
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one-third of the number of calls demanded to the maintenance team. Therefore, these 
complaints should also be mitigated through feedback actions.  

The results were presented at the seminars held with the participation of company 
representatives. They were surprised by the high number of complaints records on defects 
not related to design and construction defects. As a result, the maintenance department 
managers became much more interested in this type of information, as only complaints 
on construction defects were considered in the feedback practices carried out by the 
company. 

PROBABILITY OF OCCURRENCE 
Figure 3 presents the fault tree containing the probabilities of failure of systems and 
elements. Frames, vertical partitions and building systems are the systems that contribute 
most to the failure of the set of projects, with 28.17%, 16.90% and 15.38%, respectively, 
of probability of failure. For the frames system, if only the failures related to the window 
element were eliminated (23.88% probability of failure), there would be a great impact 
on system performance, resulting in 4.29% probability of system failure. By contrast, the 
vertical partitions system demands improvement actions for both elements, internal and 
external walls.  

 

Figure 3: Fault tree 

The structural and complementary systems presented the lowest probabilities of failure, 
0.18% and 0.67%, respectively. Regarding the structural system, the low number of 
defects reported may be the result of the lack of knowledge of the customers about this 
system. Thus, the occurrence of defects in the structures may not be effectively identified 
from this source of data and other forms of post-occupation assessment should be 
considered by the construction companies. 

The failures of the two most critical systems, frames and vertical partitions are 
discussed in more detail below. 

Vertical Partitions System  

Altogether, 111 complaints related to defects associated with "internal walls" were 
identified, in which 93 of them pertain to the type of defect "detachment or displacement". 
For this type of defect, there were 1251 residential units covered by the warranty period. 
Therefore, the probability of occurrence of this type of defect is 7.43%. (Figure 4). 
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Regarding "external walls", the most likely type of defect to occur is "infiltrations or 
leaks" with a 7.25% probability of occurrence. 

 

Figure 4: Vertical partitions fault tree 

Based on the fault tree, if the occurrence of the type of fault "detachment or displacement", 
associated to the "internal walls", and the "infiltration or leakage", associated to the 
"external walls", were eliminated, there would be a 14.68% reduction in the probability 
of the "vertical partitions" failing. Therefore, these two defects represent a great impact 
on the system. Mitigating the occurrence of the other types of defects would result in 
minor reductions in the probability of failure of the elements and system. 

During the discussion seminars, it was mentioned that the "detachment or 
displacement" failures were caused for two reasons: (i) incompatibility of the physical 
characteristics of the ceramic with the technique used to lay the tiles, and; (ii) loss of 
adhesion due to the high absorption of humidity of the tile during laying. By contrast, 
although the company identified the root causes of these failures, these were not 
registered, resulting in the loss of traceability of the causes and the solution adopted for 
different defects. 

Finally, it was reported by the company that infiltrations in the external walls (façades) 
were caused by the use of single-layer mortar. This type of coating showed an inadequate 
performance, causing the entrance of moisture into the building. 

The analysis of the fault tree could be more useful if more information is available to 
be analysed such as the root causes, as previously discussed, and information recorded at 
the level of "defects detailing", proposed in the classification structure. By doing that, 
combinations of possible causes could be analysed and the interaction behavior between 
them could be assessed, thus leading to a more accurate and complete assessment of the 
system as a whole. 

Frame System 

Figure 5 shows the probability of the defect types for the "frames" system together with 
the probability of the elements failing. There were 299 records of complaints regarding 
construction defects associated with the "windows" in which 177 of them refer to 
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infiltrations. For this type of defect, there were 1352 residential units covered by the 
warranty period. Therefore, the probability of occurrence of this type of defect was 
14.15%. (Figure 5). Concerning doors, the most likely type of defect is the “components 
not working”, such as locks and handles, with a 1.33% probability of occurrence. 

 

Figure 5: Frames fault tree 

Based on the fault tree, if the infiltrations through the windows were eliminated, there 
would be a 14.45% reduction in the probability of the frame system failing. Therefore, 
this type of defect has a major impact on the system, while mitigating the occurrence of 
others, would represent less significant reductions in the probability of failure of the 
elements and system. 

During the discussion seminars, it was mentioned that most of the infiltrations claimed 
by customers happened in the windows of a specific manufacturer, which was triggered 
to correct the faults. After the low performance of the supplier was identified, it was 
removed from the set of the company’s suppliers. 

FINAL CONSIDERATIONS 
The recurrent quality problems observed in construction projects are often the result of 
the ineffective quality management. The implementation of process improvements can be 
supported by the analysis of complaint records. However, maintenance departments of 
housebuilding companies often face difficulties in managing effectively this type of 
information. 

This research study has made two contributions: (i) a classification structure of the 
defects to be used in the registration of complaints; and (ii) indicators related to building 
defects based on the use of Fault Tree Analysis (FTA). The classification structure allows 
information on defects to be stored in an organized, complete and detailed way, making 
data collection more consistent, and allowing the generation of useful information for 
feedback purposes. One limitation of this paper was that the "component" and "defect 
detailing" categories were not considered in the analysis due to the limited number of 
records in the company's database so far.   

Regarding data analysis, the indicators generated by the FTA made it possible to 
identify the most critical systems, elements and types of defects in the set of projects, and 
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it was possible to evaluate the level of impact if they were eliminated. These indicators 
can help quality management systems during the implementation of process 
improvements.  

As this is an ongoing study, a full analysis of this database will be made, considering 
all levels of the structure, as soon as more data is made available. This will make it 
possible to explore the full potential of FTA, by using more detailed information on 
causes and the solutions adopted for the problems. In addition, more sophisticated data 
analysis techniques, such as regression models can also be employed, making it possible 
to understand the impact of different variables on the formation of defects. 
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