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Abstract

:

Building defects are very prevalent and contribute significantly to a building’s economic value. There are numerous information sources on building defects that have significant potential for learning more about building defects. This study aimed to identify the information sources used in previous building defect studies and to identify the motivation for carrying out such studies. To fulfil this aim, a scoping study was carried out. The information sources identified included insurance companies, private databases, questionnaire surveys, lawsuits, building surveys, client complaint forms, and maintenance reports. This study found that insurance company and client complaint forms include the largest collection of real building defect cases, but such databases may lack detailed descriptions of the causes of the defects. The main purposes of the building defects studies identified here included design challenges, identification of defects, building maintenance management, quality management, systematization in data collection, providing an overview of typical defects, and classifying defects. Identification was found to be the most common purpose, indicating that the industry wants to learn more. This study identified research gaps in the climate perspective in relation to building defects. Most of the studies focused on the economical perspective, and none focused on the carbon footprint perspective. This study provides an overview of information sources, which can motivate stakeholders to collaborate in learning about the physical causes of building defects as well as about other key aspects such as fault, finances consequences, and procedural causes.
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1. Introduction


Building defects not only incur great economic cost but also contribute to more material extraction and construction emissions, therefore increasing the building’s carbon footprint. Building defects occur worldwide, and the monetary costs associated with repairing building defects are often used to describe the magnitude of building defects. For example, in residential and industrial buildings in Australia, the costs of rework were found to be 3.15% and 2.40% of the buildings’ value, respectively [1]. Another study in Australia indicated that building defects contribute 4% of the total construction costs [2]. In 2004, a study in Denmark showed that reworking building defects cost about EUR 1.6 billion, which was 10% of the sector’s turnover [3]. According to SINTEF, the cost of repairing building defects in Norway accounts for between 2% and 6% of the annual capital invested in new buildings [4]. Another survey by Norsk takst [5], a professional organization for appraisers in Norway, indicated that this value is much higher, stating that 12% of a building’s costs come from the repair of building defects during construction. The variation in financial estimates may indicate that a reliable overview of the extent of building defects is lacking, for example, due to a lack of systematization in the collection of the defect cases.



To reduce costs, time, and emissions related to buildings, building defects need proper attention so that the stakeholders can gain important knowledge about the issue [6]. A better understanding of defect causes will form a basis for improving the quality of buildings [7]; thus, it is important to gather building defect information systematically and to identify patterns and relations [8,9,10]. Today, it is possible to gain insight from a range of different building defect information sources if provided access to them, for example, by using machine learning and artificial intelligence.



For the present study, the building defect definition given by Ingvaldsen [4] was primarily used: “A damage or flaw that compromises the quality of the building or building part”. Another commonly referred to definition, which is more specific but in line with reference [4], is given by Watt [11]: “A defect is the term used to define a failing or shortcoming in the function, performance, statutory or user requirements of a building, and might manifest itself within the structure, fabric, services or other facilities of the affected building”. Several other definitions of building defects exist. For example, Pedersen et al. [12] limit building defects to “deviation from regulation on technical requirements for construction works”. Furthermore, Mundt-Petersen et al. [13] classify defects as follows: Damage, “when a material or building component has lost its essential properties”, failure, “a clear deviation from proper procedures”, and functional defect, “not fulfilling needed feature requirements”. In addition, quality is defined by Arditi and Günaydın [14] as “meeting the legal, aesthetic, and functional requirements of a project”.



Kvande and Lisø [15] distinguish between three main types of building defects, shown in Figure 1, including defects due to flawed construction (design and execution), due to flawed use, or due to flawed maintenance. Of these, process-induced building defects are caused by faulty design or execution in the as-built building or faulty repair. Damage that occurs because of normal wear is not regarded as building defects by the authors of references [4,15].



There are many scientific studies on building defects with a variation of databases, cases, motivation, and solutions on the issue of building defects. The purpose of this paper was to identify the currently available types of databases on building defect cases and to gain an understanding of the pros, cons, and what kind of learning that may be drawn from the different sources. It is not the intention of this paper to map all of the scientific papers dealing with building defects. To guide the investigation, the following research questions were asked.




	1.

	
What types of information sources are available regarding building defects?




	2.

	
What are the main purposes for the scientific studies of building defects?




	3.

	
How can the findings from the literature survey be used further?










2. Materials and Methods


2.1. Scoping Studies


A scoping study was conducted to obtain an overview of the state of art in the knowledge of building defects and to identify research gaps [16]. Arksey and O’Malley’s [17] approach was used by following the five stages of their framework:




	1.

	
Identifying the research questions;




	2.

	
Identifying relevant studies;




	3.

	
Study selection;




	4.

	
Charting the data;




	5.

	
Collating, summarizing, and reporting the results.









The overall process for this research is illustrated in Figure 2.



Based on the initial search (Step 2), the following key words (Step 3) of the literature survey were “building defects”, “moisture”, and “water”. The key words for the literature survey were limited to “water” and “moisture” defects because such damages are the most widespread and the most prevalent according to reference [6]. However, research on other defects was also included to obtain a broader understanding of the information sources for building defects. Web of Science, Scopus, and ScienceDirect were the databases used for the systematic search (Step 4). These databases were used because they include scientific papers within subject areas such as engineering, material science, law, business, management, and environmental science. The number of documents found using different search strings of these keywords in the databases are shown in Table 1. These are the articles identified after Step 4 in Figure 2. While a range of building defect definitions exist, it may be difficult to compare the findings from the different surveys because some studies may include flaws or faults that are excluded by others.



The evaluation of the articles (Step 5) was performed by assessing the titles and keywords. A total of 70 articles were identified; therefore, no further expansion of the search was made (Step 6). The selection process of the articles (Step 7) started with an assessment of the abstract before the full text was viewed. A total of 36 articles were identified as relevant literature. The other 34 articles were excluded for one or more of the reasons below:




	
Defective detection methods (e.g., [20])



	
Condition survey methods (e.g., [21,22])



	
Limited to structural defects (e.g., [23])



	
Severity level of defects (e.g., [24])



	
Methodology for maintainability assessment (e.g., [25,26])



	
Investigation limited to mold (e.g., [27,28])



	
Literature research and not case studies (e.g., [29,30])



	
Testing the performance of different solutions or building elements (e.g., [31,32])









2.2. Reflexive Thematic Analysis


The type of information source and the main purposes of the articles were categorized using a reflexive thematic analysis. The purpose of this method is to obtain an overview of the literature and to identify patterns. The reflexive thematic analysis was performed following the six steps from reference [33]:




	1.

	
Becoming familiar with the data;




	2.

	
Generating initial codes;




	3.

	
Searching for themes;




	4.

	
Reviewing themes;




	5.

	
Defining themes;




	6.

	
Writing-up.









The description of the different categories is shown in Table 2 and Table 3.





3. Results


3.1. General Overview of the Literature


A general overview of the 36 scientific articles is given in Table 4. The first bullet point for each article is the main categorization for the study, and the remaining bullet points are Supplementary Information about the studies.



Of the identified articles, the trend shows that the number of articles per year increased. There were 12 scientific articles published between 2003 and 2013 and 24 between 2014 and 2023, as shown in Figure 3. The most attention is given from Malaysia, Norway, and Spain, with 7, 6, and 4 scientific articles, respectively.




3.2. Type of Information Source


The distribution of the information sources used in the articles is given in Figure 4. The articles per category are presented in the following sections.



3.2.1. Insurance Company Database


The papers by De Vos et al. [8] and Van Deen Bossche et al. [9] were based on a collection of building defect cases from 1991 to 2019 provided by the largest Belgian insurance company. The total amount of cases collected was 27,074, which were processed and filed by jurists or engineers. Of these cases, De Vos et al. [8] selected four categories to analyze, which included problems with moisture, stability, cracking, and residential nuisance. These categories included 13,068 of the total number of cases. Van Deen Bossche et al. [9] selected six categories to analyze, which were problems with moisture, stability, neighbor damage, HVAC, acoustics, and energy efficiency. Only 9918 cases remained because the postal code and building category were required for the study.



A similar study from Australia by Sandanayake et al. [2] used data collected by the Victorian Managed Insurance Authority (VMIA) between 2011 and 2018. The insurance company had gathered a total of 8128 defects, and this study analyzed 3048 unique claims of the total.




3.2.2. Private Databases


Lisø et al. [34] investigated building defects by analyzing 175 assignment reports by the former building research institute Norges byggforskningsinstitutt (NBI) from the period between 1963 and 2001. Later, NBI merged with SINTEF, and they assembled a substantial building defect archive gathered from investigation cases and field studies from the Norwegian building industry over the last 60 years [63]. Multiple articles have used the SINTEF archive as a database [6,35,36,37]. Lisø et al. [6] investigated a dataset of 2423 cases collected from the reports between 1993 and 2002. Gullbrekken et al. [36] performed a more thorough investigation on Norwegian pitched roof defects from the same period (1993 to 2002). A special study on masonry defects was conducted by Kvande and Lisø [35] based on 302 process-induced defect assignments from the archive between 1983 and 2002. Finally, Kvande et al. [37] summarized the results of laboratory experiments on external thermal insulation composite systems (ETICS) as well as defect causes. A total of 6% of the defects in the SINTEF archive were related to ETICS between 1993 and 2002 [6]. A total of 61 buildings had ETICS defects in the period of 1993 to 2017, and 150 causes were identified [37].



In Australia, Ilozor et al. [38] studied the Archicentre’s database for residential building defect inspections. A total of 42,753 houses were inspected, and the defects identified were systematically collected in the Archicentre’s database. Another Australian database, collected by The Victorian Civil and Administrative Tribunal (VCAT), was used by Pamera and Gurmu [39] to select five cases so that the most prevalent defects of these could be analyzed further.



In Korea, multiple studies have investigated defects from several residential buildings between 2008 and 2017 [10,40,41]. Lee et al. [40] examined 16,701 defects from 133 residential buildings to make a defect risk profile, while Lee et al. [41] examined 7554 defects from 48 residential buildings to evaluate the impact of defect risk in the user phase. Lee et al. [10] examined 6087 defects from 48 residential buildings and classified them into a defect classification matrix based on the defect liability period.



The database of a Polish developer with collected warranty period reports was used by Plebankiewicz and Malara [42] to identify typical defects and their occurrence between 2018 and 2020. A total of 560 defects were found in the warranty period for 432 flats. The authors validated 353 of the cases.



The collected information from four Malaysian specialist waterproofing contractors was used by Talib and Sulieman [43] to analyze building defect cases. The information was based on 1363 defect cases.



Mundt-Petersen et al. [13] collected building defect data from the private databases of six Swedish accredited damage investigators. A total of 1105 defects from 265 damage investigation reports were investigated.




3.2.3. Questionnaire Surveys


In Malaysia, there were several studies on building defects based on questionnaire surveys. A literature review was conducted by Islam et al. [44], where 42 design challenges and 11 mitigation measures were identified. The authors distributed 300 questionnaires and collected 118 responses. All the respondents had first-hand experience from the maintenance industry. Almost half of the respondents had more than ten years of experience, and 36% of the respondents were facility managers, 23% were consultants, 22% were building supervisors, 11% were quantity surveyors, and 8% were senior management. A study by Abdul-Rahman et al. [45] had users as the respondents, including 310 residents from affordable housing in Malaysia. Ahzahar et al. [46] gathered information for their study by interviewing 12 contractors and 29 consultants and conducting a questionnaire survey. The survey was sent to different actors in the Malaysian construction industry. The study by Jesumoroti et al. [46] used medical officers and nurses as the respondents, and 93% of the respondents had work experience and academic backgrounds. A total of 63 defects were reported. The study by Talib and Sulieman [48] had 86 industry actors as the respondents.



More experienced Swedish respondents answered the questionnaire survey for the study by Jonsson and Gunnelin [48]. The participants in the survey were board members of cooperative owners, and these respondents together had experience from 1107 projects. A total of 1563 surveys were sent out, representing 394 residential buildings.



In order to collect the necessary data for analysis, Waziri [50] sent questionnaire surveys to 60 employees who worked in the offices of consultants, contractors, and building owners in Nigeria. A total of 47 questionnaires, which was a response rate of 73%, were obtained and analyzed. The respondents were in charge of either the design, building, or maintenance of residential buildings.



In Ethiopia, main stakeholders such as consultants, contractors, and clients were the respondents of the questionary survey by Awasho and Alemu [51]. The authors used the survey to gather primary data. A total of 49 respondents answered, of which 18 were consultants, 18 were contractors, and 23 were clients. This was a response rate of 84%. The respondents were distributed across nine projects.




3.2.4. Building Surveys


A building survey of 652 newly constructed residential houses in Iraq was investigated by Wali and Ali [52]. The survey was conducted directly after handover, and 6758 defects were discovered.



In Singapore, Chew [53] studied 56 high-rise non-residential buildings that were randomly selected by conducting a building survey and interviewing the property managers. Another study in Singapore by Chew and De Silva [7] studied cases from 67 high-rise residential buildings, ranging in age from 1 to 35 years old, using data received from site visits and accumulated reports. The reports were gathered from diverse actors in the industry such as maintenance managers, building diagnostic specialists, councils, etc.




3.2.5. Lawsuits


Sassu and De Falco [54] investigated lawsuits from the archives of district court judgments between 2000 and 2011 in Italy and classified the described defects. The court appointed an engineer to conduct an interim technical assessment on the cases to determine the causes and origin of the defects.




3.2.6. Client Complaint Forms


In Spain, there were several studies on building defects using client complaint forms as the dataset [55,56,57,58]. Forcada et al. [55] investigated handovers from 95 residential buildings and looked into the quality of flats and detached houses as reported by the occupants. Forcada et al. [56] and Forcada et al. [57] based their study on the database of four Spanish builders. The builders had collected data based on client complaint forms from post-handover, including 2351 defects from seven buildings. Forcada et al. [57] focused on the most common defects, and Forcada et al. [56] focused on the causes. By analyzing the client complaint forms of 2179 flats, a total of 52,552 defects were identified in the study by Forcada et al. [58].



Another post-handover study from Norway by Shirkavand et al. [59] assessed the most common building defects based on seven projects. In addition, the authors conducted nine interviews with employers from both client and contractor organizations. Of these, one was a construction manager, four were project managers, two were project developers, one was a design manager, and one was an energy consultant. All of them had a key role in the building projects. The seven projects had a total of 1549 building defects, 315 electrical defects, and 183 technical defects.



The client complaint forms from nine residential colleges in Malaysia were used as the dataset in a study by Dzulkifli et al. [60]. The forms collected were from the period of 2012–2017. The authors investigated 55,439 cases from 179 buildings.




3.2.7. Maintenance Reports


Pan and Thomas [61] studied 3209 defects in 327 newly built homes that were built according to the building regulation and the Code for Sustainable Homes in the United Kingdom. The dataset of the study was based on maintenance reports.



By conducting a nine-month survey of 74 buildings, Chong and Low [62] investigated latent building defects in the United States. The dataset of this study was mainly based on maintenance reports from the property managers. In addition, interviews and building surveys were conducted to verify the information from the reports.





3.3. Main Purpose and Findings of the Studies


The categorizations of the main purposes of the articles are given in Figure 5.



3.3.1. Design Challenges


Kvande and Lisø [35] had the main purpose of presenting design challenges related to masonry structures. The investigation of 302 masonry defects found restrained shrinkage and thermal movement to be the most frequent defect category. In addition, driving rain and frost action were found to be the most considered climatic challenges in maintaining high-performance masonry structures. Many of the crucial and often unrecoverable defects were found to be the result of minor errors or mistakes and could have been avoided with more detailed engineering.



Chong and Low [62] investigated design challenges and methods to prevent typical latent building defects. The survey of 74 buildings and systematic data collection showed that the main causes of design-related failures were impacts from weather and occupants and defects related to wet areas.




3.3.2. Identification


The main purpose of the study by Kvande et al. [37] was to identify the variables that affect the performance of ETICS with rendering. The study demonstrated that ETICS are vulnerable to intense driving rain and that the two-stage tightening approach is a more reliable option than ETICS in those locations. One of the most frequent causes of the ETICS defects identified was incorrect assembly of the ETICS components.



Shirkavand et al. [59] had the main purpose of identifying the most frequent building defects at handover in order to improve planning such that defects are reduced. In addition, the authors investigated the causes of the defects, improvement opportunities, and the consequences for the involved parties. Surface damage was the most common defect, but this type of defect is easily fixed at a low cost. The second most common defect was missing items and inappropriate installation. Technical installation faults were found to be the costliest flaws and were brought on by poor design. It was found that construction-related defects occurred in the last phase before handover and were the result of human errors, such as falling tools, due to time pressure caused by poor management. The consequences identified were economic losses, productivity losses, and delays.



To identify the most common defects, Dzulkifli et al. [60] investigated client complaint forms. The main finding was that 62% of the complaints were civil defects, e.g., defects in ironmongery elements, plumbing system issues, flooring issues, ceiling issues, or animal attacks on building components. A total of 60% of these were damaged components, 14% were leakages, and 13% were clogs. In addition, electrical defects represented 35% of the defects, and mechanical defects were 3% of the total.



Talib and Sulieman [48] also had the main purpose of identifying the most common defects. The study found that the origins of 99% of building defects were related to water seepage problems and that watertightness is therefore very important to keep in mind. The article was not clear on what type of water seepage occurred.



The identification of common building defects and finding methods to solve them was the main purpose of Talib and Sulieman [43]. A total of 18 building defects were identified. It was found that gutters and downspouts had the most defects, and that under sizing was the most common cause. The authors pointed out that optimizing the maintenance and operation functions could decrease the number of defects.



Identification of defect types was the main purpose of Mundt-Petersen et al. [13], but the study also looked at their location. The main findings of the study were that 81% of the defects were caused by moisture, and that most of the defects were mold growth. In addition, 70% of the defects were on-going and 20% were latent. The article was not clear on the origin of the moisture. It was also found that 28% of the defects were located in the exterior wall and that wooden materials were the most damaged material, comprising 40% of the cases.



A rather narrow study by Lisø et al. [34] had the main purpose of identifying typical defects that are associated with weather-protective flashing and providing best-practice solutions. It was found that 41% of the defects were related to windowsill/weatherboard flashings and 27% were related to parapet flashing.



A wider study by Pan and Thomas [61] had the main purpose of identifying building defects of new homes built according to the ‘Code for Sustainable Homes’. The authors studied the type of defect, frequency, location, severity, and the ones responsible. The study found that the mean average of defects per home was 9.8. The building defect category “making good or adjustments to the finished dwelling” comprised 709 defects, which was 22% of the total number of defects. Secondly, “malfunctions” comprised 386 defects, which was 12% of the total number of defects. Kitchens and bathrooms were identified as the locations with the most defects. Plumbers (23%), painters/decorators (19%), and electricians (11%) were identified to be the trades out of 14 categories that most often had to perform the rectification work that was reported.



Wali and Ali [52] also had the main purpose of identifying the types of building defects in newly constructed residential houses. An investigation of 652 houses revealed 6758 building defects, which was a mean of 10 building defects per house and thus was in line with the findings of Pan and Thomas [61]. The study identified 25 different types of defects and that gaps between doors/windows and walls were the most common defects (76%). This study also found that 48% of the defects were finish work, 42% were in doors and windows, 5% were electrical work, 3% were plumbing, and 2% were site work.



Jonsson and Gunnelin [49] looked at residential buildings from an owner’s perspective with the main purpose of identifying building defects in newly constructed buildings. In addition, the authors investigated the relation between the defects and the project’s characteristics and company size. This paper found that the most common defects were related to the building envelope, and that newly constructed buildings tend to have problems with HVAC systems. A total of 26% of the severe defects were related to leakage from rainwater, 19% were related to the heating system, and 18% were related to the ventilation system. The authors also found that the number of defects increased in big cities, and this could be because of the high demand due to population growth; therefore, quality is not a priority. In addition, it was found that big projects had an increased severity of defects and that medium-sized companies with 50–250 employees had the highest number of defects reported.



Chew and De Silva [7] limited their study to identifying defects in wet areas of high-rise residential buildings. In addition, they evaluated the significance of design, construction, maintenance, and materials. It was found that 36% of the defects were water leakage, 27% were paint defects, 10% were service pipe defects, 8% were spalling/cracking, 7% were fungi/algae, 4% were mastic failure, 4% were water ponding, 2% were tile staining, and 1% were cracking tiles. Of these, at least 57% were related to moisture or water. The authors found that the main causes of the defects were related to poor workmanship, inadequate detailing in design, poor design for air movement, ad hoc maintenance procedures, and unsatisfying material performance. The authors stressed that design, construction maintenance, and materials need adequate attention to improve the quality of buildings.



The main purpose of Plebankiewicz and Malara [42] was to identify the building defects occurring during the warranty period of residential buildings. They found that only half of the reported defects were valid and that the number of valid defects increased over time. It was also found that in the first three months, defects related to electrical installation were the most common, and the number of these defects decreased over time. However, there were few reports of flaws in windows, door joinery, balconies, terraces, moisture issues, of scuffs on walls throughout the first six months before the frequency of such defects increased.



The main purpose of Chew’s [53] study was to identify the sources of building defects and important risk factors that affect the maintainability level of wet areas in buildings. The study investigated the consequences of maintainability for watertightness, spatial integrity, ventilation, materials, and plumbing on the 14 most common defects in the wet areas of buildings. It was found that 53% of the defects were related to water leakages, 50% were related to the corrosion of pipes, and 47% were related to the spalling of concrete.



A risk matrix was used by Lee et al. [41] to identify the risks related to building defects. They found that defects in reinforced concrete, finishing, and mechanical/electrical/plumbing work resulted in the largest economic losses. The costs related to reinforced concrete were mainly caused by broken items and water problems. The causes in finish work were mainly related to broken items, detachment, incorrect installation, missing pieces, and surface appearance. Mechanical/electrical/plumbing work costs were mostly caused by affected functionality and incorrect installation.



Ahzahar et al. [46] identified the factors that contribute the most to defects so that time and costs can be reduced. This study identified poor quality of materials and faults in the construction phase to be the two most common factors contributing to building defects.



The main purpose of the study by Forcada et al. [55] was to identify the factors that affect the occurrence of building defects in the post-handover stage and to determine if there is a significant difference of the quality between flats and detached houses. The authors discovered that customers in flats reported more defects than those in detached houses, indicating that the developers focused more on quality when constructing detached houses. The study also found that the customers mostly complained about visible defects and were not aware of the quality of nonvisible structural elements. The customers’ dissatisfaction with the contractor’s quality standards was the main cause of their complaints. The authors pointed out that the clients have little influence over the standards of their homes and that increased client involvement might result in fewer complaints.



The main purpose of the study by Forcada et al. [57] was to identify the type and origin of building defects so that measures to prevent them could be found. The main findings of the study were that 64% of the defects were poor workmanship due to building mistakes and omissions. In addition, material quality contributed to 19% of the defects, and lack of protection contributed to 16%. The two most common causes were in line with the findings of Ahzahar et al. [46]. The authors pointed out that these findings may help enhance quality control because they highlight problems that require proper attention.



The main purpose of the study by Ilozor et al. [38] was to identify whether there is a pattern or sequence in the relations between typical building defects. It was found that proper installation of house foundations and proper execution of house framing may reduce the occurrence of various defect types.




3.3.3. Overview of Typical Defects


The main purpose for the study by Gullbrekken et al. [36] was to obtain an overview of typical building defects in pitched wooden roofs. It was found that deficiencies in the design, materials, or workmanship accounted for more than half of the defects by allowing precipitation or indoor moisture to enter the building envelope.



The main purpose of the study by Lisø et al. [6] was to obtain an overview of the typical process behind different defects. This paper found that 66% of the cases were related to the building envelope and that moisture-related defects represented 76% of the 2423 cases registered, while 22% of the cases were located on the roof. The authors also found that numerous defects were recurrent, which indicated that the building industry does not learn from its mistakes and that there is insufficient knowledge exchange.




3.3.4. Classification


Forcada et al. [57] classified building defects based on type, location, and subcontract. Of the 2351 defects investigated, the most common defects identified were missing items or tasks (37%) and surface appearance (20%). The study found that most of the defects were located in the wet areas of the buildings. In addition, the authors found that 38% of the defects arose in door and window subcontracts, 24% in painting subcontracts, and 14% in services subcontracts.



The main purpose of the study by Sassu and De Falco [54] was to analyze building defects based on a classification of the different types of defects. The paper focused on the origins and consequences of building defects, especially water damage. The participating technical staff’s obligations were also evaluated. A total of 36% of the building defects were found to be the result of poor design at the planning stage, whereas 43% of the cases were the result of execution mistakes. In fact, mistakes in both design and execution commonly happened together. The study compared the distribution of the error causes from 1990 to 1999 and from 2000 to 2011. It was found that the share of errors occurring during design or inspection work increased from 24% to 36%, constructive defects were rather stable at 45% and 43%, and lack of or defects in maintenance decreased from 32% to 21%.



The classification of different building defects into a defect risk matrix was the main purpose of Lee et al.’s study [40]. The classification was based on the type of defect and work and the defect’s location. The study found that incorrect installation and missing tasks were the most severe defects.




3.3.5. Building Maintenance Management


Jesumoroti et al. [47] investigated building defects in relation to maintenance management in hospitals so that defects could be prevented. The main findings were related to cracked floors, floor tile failures, wall tile failures, clogged toilets, and damaged windows. These defects were a result of inadequate maintenance planning, which was made worse by subpar design and construction. The defects led to aesthetic problems as well as functional problems for the hospitals.



Another study by Awasho and Alemu [51] evaluated building maintenance procedures and building defects in Mettu building projects in Ethiopia. The study found that the top three effects of building defects were project delays, high maintenance costs, and reputational damage. In addition, it was found that the best ways to reduce the building defects were proper and routine maintenance and periodic construction supervision. The respondents ranked tight budgets, lack of building maintenance guidelines, and cultural aspects as having the greatest impact on the maintenance management.



In Maiduguri, Nigeria, Waziri’s study’s [50] main purpose was to determine the impact that building defects had on building maintenance. The study found that the factors with a significant impact on maintenance are poor materials, lack of supervision and quality control, and lack of compliance with specifications.



Islam et al. [44] investigated the impacts that building defects brought on by design flaws have on maintenance costs as well as strategies to save maintenance expenses. The literature survey identified 42 design challenges and 11 mitigation measures. These were sent to respondents in the maintenance industry so that the respondents could grade the design challenges and measures in terms of how they might increase maintenance costs. It was found that maintenance costs increased mostly in relation to architectural design challenges.




3.3.6. Quality Management


The main purpose of the study by Sandanayake et al. [2] was to develop a methodological framework to improve quality management in buildings. The study systematically collected data and used the dataset to analyze patterns in building defects and to identify the current trends in building defects. It was found that poor workmanship caused 85% of the total defects. Of these, 42% were attributed to structural defects. In addition, the study found that waterproofing defects had the highest cost. The paper resulted in a framework including control and enforcement, innovation and technology use, the promotion of best practices, and the auditing of inspections. The author suggested that this framework can be used to minimize the occurrence of common defects.



Another study by Pamera and Gurmu [39] also sought to develop a framework to improve building quality. This study proposed the defects identification and analysis framework. The framework was based on the causes of the defects and the technologies used to identify the defects. The purpose of the framework is to reduce the frequency of defects by using adequate measures. Some of the most common defects identified were installation errors in pipes, water damage, plumbing defects, internal water leakage, and wall cracking.



Abdul-Rahman et al. [45] found that the most common defects were leaking pipes, total failure of water supply systems, cracking in concrete walls, faulty doorknobs, and concrete wall dampness. According to the study, subpar materials, subpar workmanship, and inadequate routines for inspection and monitoring can all be contributing factors to the faults. The authors suggested that the quality of the finished building might be increased by involving more client-oriented monitoring and supervision on site.



The main purpose of Forcada et al.’s study [58] was to determine whether implemented quality control measures adequately carry out their functions. To address the issue, the authors compared the defects identified by the customers with the remaining defects at handover. This could provide a better understanding of the nature of the defects, who identifies them, and when the defects are resolved so that the quality management can be improved. The study investigated the frequency, distribution, and influence of the defects. The most common defects found in this study were surface appearance defects, which accounted for 65% of the total defects.




3.3.7. Systematization in Data Collection


Finding patterns by systematically collecting data was the main purpose of De Vos et al.’s study [8]. The authors used the collected data from an insurance company to analyze the different types of defects and their frequency in relation to the construction time by systematically mapping the defects. The analysis demonstrated that 49% of all technical defects were moisture problems, and the roof (25%) and basement (21%) were the common locations for problems to occur. A total of 19% of the defects were stability problems, 17% were cracking, and 16% were residential nuisances. The authors also discussed the temporal evolution of claim distribution and the points in the building process at which the claims were made. It was found that the number of claims increased from 1991 to 2019. It was also found that 47% of the defects occurred prior to provisional acceptance (PA), 13% between the PA and the final acceptance (FA), 28% within 5 years after FA, and 12% between 5 and 10 years after FA. In contrast to stability issues, which mainly occurred prior to FA, moisture problems, cracking, and residential nuisances occurred within 5 years after FA.



The study by Van Den Bossche et al. [9] was a follow-up study of reference [8], focusing on the geographical variability of building defects. The authors aimed to identify the external factors that contribute to building defects. The new knowledge that was acquired might contribute to improved quality control and the prevention of defects. The authors found that wind speed and the number of walls the building shared with its neighbors had the greatest effect on the number of building defects. The authors concluded that demographic, geographic, and climate factors did not have a significant impact on the occurrence of the defects.



Lee et al. [10] systematically collected data to classify the defects into a classification matrix based on the defect liability period. The study aimed to give a better distribution of the defect costs among the involved parties and to identify the frequency of the defects by using this matrix. It was found that the highest frequency of defects was in the structural and finish work and that defects and water problems in reinforced concrete were the most serious defects.






4. Discussion


4.1. Type of Information Source


The identification of the various information sources for scientific research offers several lessons. Chong and Low [62] stated: “It is impossible to identify all types of latent defects without a good information source to rely upon”. Based on the literature survey, seven types of information sources were identified. The different types are based on different numbers of building defect cases, which influences the validity of the findings. Table 5 shows the variation per category of information source.



The studies based on databases owned by insurance companies had between 8128 and 13,068 defects. Due to their large number of defect cases and systematic data collection, such information sources might be well suited for ranking typically occurring defects. From a conceptual/theoretical standpoint, these studies advance our understanding of defects and provide a more realistic perspective of defects. On the other hand, the use of insurance company databases has several biases. De Vos et al. [8] point out that there is a possibility of incorrect diagnoses of the defects because some of the cases are processed by lawyers who do not necessarily have the proper knowledge. In addition, the company may make an unconscious selection of information due to their focus on specific criteria during inspections and assessments, and they might not necessarily investigate the cause of the defect. Both De Vos et al. [8] and Van Deen Bossche et al. [9] point out that because insurance companies are only involved in the defect cases when the professional liability insurance of architects and contractors is activated, the analysis only contains more complex cases and does not cover the population of the different cases. Van Deen Bossche et al. [9] also point out that current insurance companies only have a certain market share, which is often related to a specific geographical area. The exploitation of insurance companies has only been done in Belgium and Australia, and there might be several barriers for why this has not been done in other countries, such as competitive advantages and sensitive customer information.



The private databases had a varying number of cases, from 150 to 42,753 cases. This means that the credibility varies from database to database and that each source must be evaluated individually based on the quantity of cases and the organization. Only a few of the articles addressed the biases of using private databases. The private databases have similar biases to the insurance companies, such as the competence of those who have conducted the analysis not always being clear, the impact of the geographical location of the collector [6], and the fact that only large-scale defects are included [35,37]. Plebankiewicz and Malara [42] stated that the results could not be generalized because of the small amount of data, but that they did provide an indication of typical building defects in general. The authors that used the SINTEF archive discussed biases more thoroughly than the other authors. The SINTEF archive is an example of a database that employs experts in the respective field of the specific defect case as data collectors. This expertise, in addition to the large number of defect cases over a long period of time, makes the SINTEF archive a valuable database for understanding the causes of the defects [35].



Questionnaire surveys are a very common method to gather data on building defects. However, the questionnaire surveys often included only a small number of defects because the authors did not provide the information about the number of cases, likely because they did not know how many defects the respondents based their information on. This type of information source therefore relies on the accuracy of the respondents’ answers. Jonsson and Gunnelin [49] point out that the way the respondents interpret the questions could be a potential bias. In addition, there is clearly a bias in that the proficiency level of the respondents is unclear even though relevant respondents are used.



Only one article based on building surveys mentioned how many building defects they based their study on, which was 6758 cases. The number of cases will vary depending on how many buildings are investigated. The biases in these types of information sources are not discussed in the article. The survey of a few selected buildings gives a narrow perspective on the issue of building defects and does not address all possible defects.



The lawsuits also had a low number of defects to base a study on. This could be because many of the defect cases do not become lawsuits but are instead resolved between the parties. According to Sassu and De Falco [54], assessments from lawsuits are unbiased and are made by an expert and therefore are valuable sources of information for understanding the causes of building defects. The authors do not discuss any bias in this method. A benefit of using lawsuits as an information source is that fault is assigned by the court. None of the other sources are clear on the responsibility for the building defects—if responsibility is even investigated at all.



The variation in the cases ranged from 966 to 55,439 in the articles based on client complaint forms. These types of information sources contain data concerning the buyer’s observations and are therefore more of an expression of the observer’s ability than a description of the actual condition of the building. Forcada et al. [55] point out that buyers are more likely to complain about visible defects and not more complex defects such as structural defects.



The articles that based their study on maintenance reports had around 3000 cases in their dataset. According to Chong and Low [62], the use of maintenance reports is an efficient method of collecting data on building defects because the owners already collect such data. Therefore, use of these registers can prevent latent building defects in a timely and cost-efficient way. The bias in the variation in proper records is also mentioned by the writers, and this could lead to less-thorough information about the defect.




4.2. Main Purpose


Eight main purposes were identified from the 36 scientific articles covered by the present survey. To some extent, the purposes seem to vary according to the national origin of the study. They might also vary according to the information sources available for the study. The distribution of purposes of the building defect surveys according to national origin is illustrated in Figure 6. None of the surveys aimed to cover the situation in more than one country.



According to Figure 6, there were studies from several countries that aimed to identify the most common defects, which reflects the national industry’s interest in gaining more knowledge about building defects. The studies investigated different areas of buildings, different periods of the building’s lifetime, and different perspectives, such as the owner’s perspective. Some of the national studies focused on classification and systematic data collection, which shows that the authors were interested in systemizing the defects to obtain a better understanding of the defects. In Norway, there has been a focus on identification and on obtaining an overview of typical defects and design challenges. The Norwegian focus is motivated by an interest in not only identifying issues but also in solving issues by improving fault solutions. A harsh climate, which puts extra demand on the building envelope, is an obvious driver behind the Norwegian focus. The Norwegians do not seem to be concerned with management, which may mean that there is not an issue in this regard. Although lacking an in-depth analysis of causes, there were several studies from other countries focusing on quality and building maintenance management, especially from Malaysia. These studies were motivated by improving management, such as processes, frameworks, and procedures, aiming for better building quality and reduced cost.



The present study revealed a variation in the building defect definition and the categorization used by the different studies. The purpose of the individual studies was likely to determine which building defect definition is relevant for the specific study; however, not every publication discussed the definition used. For instance, there were articles that included damage due to normal wear as building defects, e.g., references [43,47,62], some did not include normal wear, e.g., references [9,54], and some articles were not clear on which defects they included. Of the articles identified in the present survey, there were 15 articles that did not define building defects at all. The absence of information about the building defects covered by the study indicates a lack of agreement on what constitutes a building defect. Even among the articles that did not use a specific definition of building defects, 7 of the 15 articles classified the defects based on type, location, or significance. The definition of building defects by Watt [11] was the most commonly used. This definition is much like the definition by Ingvaldsen [4], but Ingvaldsen relates the defects to the quality of the building. Three of the articles used Ingvaldsen’s definition. Individual definitions were used in references [64,65,66,67,68,69]. The span in building defect definition used for identifying the relevant faults and flaws in the studies covered by the present survey may vary to such a degree that comparisons of the results are difficult.




4.3. Further Use of the Literature Findings


Obtaining an overview of existing information sources of building defects and the main purposes for studies based on the different sources may be of significance in gaining knowledge about the causes of building defects and effective measures to prevent them. The overview of the types of information sources can identify valuable datasets that have untapped potential. It can also show the importance of collaboration between different actors within the construction industry and demonstrate that they can learn from each other. Collaboration between developers, contractors, insurance companies, the judicial system, maintainers, and occupants can give the entire industry valuable insights and motivation for jointly improving on imperfect and costly solutions. De Vos et al. [8], Van Den Bossche et al. [9], and Sandanayake et al. [2] showed the potential for utilizing insurance company databases from Belgium and Australia to pinpoint focus area for improvement. However, competition between insurance companies is a key reason why such studies are not carried out elsewhere.



Knowing the main purpose of studies helps us to understand the context and motivations behind the research, which gives insight into the priorities and concerns of researchers and practitioners. In addition, the diversity of published scientific studies may indicate a variation in the view on building defects. The majority of the articles were motivated by reducing expenses related to building defects, such as construction or maintenance costs, and none of the articles were motivated by the climate perspective of building defects. This shows a research gap on climate impact that the building defects represent. This area of research has significant undiscovered potential as the climate perspective gains more and more importance in the industry.



In Norway, Lisø et al. [70] have observed that climate change can lead to significant local differences in climatic exposure, making robust solutions more important in order to avoid the occurrence of building defects. In Belgium, on the other hand, Van den Bossche et al. [9] reported limited variation in climate, which may stem from small climatic differences within the country. To prepare for the upcoming challenges that Norway will face, Lisø et al. [71] proposed a framework for climate adaptation of buildings in accordance with the Norwegian Planning and Building Act. The framework is motivated by a sorting of building solutions and materials according to the local climatic load, which has been possible as a result of the SINTEF building defect archive. Utilization of other information sources for building defects may expand the library of climate-adapted solutions.





5. Conclusions


The study of building defects is important in order to improve quality and sustainability in the construction industry. This literature survey found 36 scientific studies on building defects with various information sources, including insurance companies, private databases, surveys, lawsuits, client complaint forms, and maintenance reports. The most common information sources used were found to be private databases, with 13 articles; questionnaire surveys, with 8 articles; and client complaint forms, with 6 articles. None of the articles included more than one information source. The credibility of the findings varied depending on the different extent of the datasets, which varied from 63 to 55,439 cases, and varying levels of knowledge among the data collectors. The datasets of insurance companies and client complaint forms can be considered more significant due to their wide number of cases collected, but there are several biases with the information sources that need to be taken into consideration such as the unconscious selection of the included information, the competence and thoroughness of the observer, the inclusion of only more complex defects, and a focus on specific geographical areas.



The main purposes of studying the building defects identified in this paper include the identification of defects, providing an overview of typical defects, classifying defects, systematic data collection, and gaining a better understanding of building performance, design challenges, building quality, and building maintenance management. Most countries have articles on the identification of defects, which demonstrates that the industry is motivated to learn about building defects. The majority of the studies sought to prevent building defects due to economic savings. Malaysia, Norway, and Spain were found to be the countries with the most scientific articles published. It was also found that the building defect definitions used in the studies were different or not clear at all, indicating a lack of coordination in the industry and thus making it difficult to compare the results of various studies.



The novelty of this paper is the discovery of untapped potential in valuable information sources, such as insurance companies, and the identification of research gaps on the climate issue. An overview of the different information sources has not been presented in previous studies, and this study therefore contributes to filling this research gap. The importance of learning from previous studies is that it can motivate collaboration among various stakeholders, enabling researchers to leverage information sources from those who have firsthand knowledge of building defects. This collaboration has proven to be beneficial in several studies, and important aspects and patterns of building defects have been learned. Combining the different sources of information can help to uncover several interesting aspects such as causes, economics, and process-related factors behind building defects. There are several biases and barriers to fully exploiting the different information sources that need to be taking in to consideration when using the sources. Further work in this field should focus on utilizing the full learning potential of the different information sources and should focus more on the potential impact of global warming on building defects.
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Figure 1. Classification of different types of building defects. Figure is drawn from reference [15], based on reference [4]. 
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Figure 2. The overall process for the scoping study. Reprinted with permission from refs. [18,19]. 
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Figure 3. Number of articles per year. 
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Figure 4. Number of articles per information source. 
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Figure 5. Number of articles per main purpose. 
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Figure 6. Main purposes per country. 
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Table 1. Number of articles per database per search string.
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Number of Articles




	
Search String

	
Web of Science

	
Scopus

	
ScienceDirect






	
“Building defects” AND “moisture”

	
23

	
21

	
69




	
“Building defects” AND “water”

	
27

	
23

	
135











 





Table 2. Description of categories for the types of information sources.
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	Category
	Description





	Insurance company

databases
	The authors have analyzed registers with claims from clients seeking compensation for building defects. The data are normally not publicly available.



	Private databases
	These databases are owned, controlled, and maintained by an organization for internal use and are not publicly available. The collectors can be developers, contractors, science organizations, or damage investigators. The authors of these articles have obtained permission to access and analyze the cases anonymously.



	Questionnaire surveys
	The authors have distributed questionnaires to potential respondents for a specific study.



	Building surveys
	The authors have conducted surveys in the buildings by themselves for a specific study.



	Lawsuits
	The authors have studied the public descriptions of judgements and analyzed the data.



	Client complaint forms
	The authors have analyzed the complaints reported by the users/owners and collected by the building owners, developers, or contractors.



	Maintenance reports
	The authors have analyzed the data reported by the maintenance teams responsible for the buildings.










 





Table 3. Description of categories for the main purposes of the building defects studies.
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	Category
	Description





	Design challenges
	These articles refer to certain constructions or solutions and investigate the challenges to these designs.



	Identification
	These articles include the identification of specific elements based on different key issues such as origin, contributing factors, type, risks, relations, and frequency in relation to different periods and types of buildings.



	Overview of typical

defects
	These articles aim to obtain a general overview of the most common building defects.



	Classification
	These articles organize defects based on certain properties.



	Building maintenance management
	These articles focus on gaining information to reduce maintenance costs and to develop strategies to save maintenance expenses.



	Quality management
	These articles involve implementing principles and methods to ensure and improve the quality of buildings.



	Systematization in data

collection
	These articles look at the importance of systematization to gather data so that the identification or classification is more valid. Other articles also have systematically collected data, but these articles aim to emphasize that this is important to achieve good results.










 





Table 4. General overview of the scientific articles.
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Type of Information Source

	
Ref.

	
Number of Defects

	
Country

	
Main Purpose of Study

	
Period

(Phase) *






	
Insurance

company

databases

	
[8]

	
27,074

	
Belgium

	

	
Systematization in data collection



	
Identifying patterns



	
Enhancing quality






	
1991–2019

(-)




	
[9]




	
[2]

	
8128

	
Australia

	

	
Quality Management



	
Making a framework



	
Systematization in data collection



	
Identifying current trends of defects






	
2011–2018

(-)




	
Private

databases

	
[34]

	
175

	
Norway

	

	
Identification of typical defects



	
Present best-practice solutions



	
Weather-protective flashings






	
1963–2001

(-)




	
[6]

	
2423

	

	
Overview of typical defects



	
Learning from experience






	
1993–2002

(-)




	
[35]

	
302

	

	
Design challenges



	
Climate adaptation



	
Masonry structures






	
1983–2002

(-)




	
[36]

	
465

	

	
Overview of typical defects



	
Norwegian pitched roof defects






	
1993–2002

(-)




	
[37]

	
150

	

	
Identification of typical defects



	
Performance



	
ETICS






	
1993–2017

(-)




	
[38]

	
42,753

	
Australia

	

	
Identification of patterns






	
2002

(-)




	
[39]

	
Unknown

	

	
Quality Management



	
Making a framework






	
-




	
[40]

	
16,701

	
South Korea

	

	
Classification



	
Risk matrix of residential building defects






	
2008–2017

(Post-handover)




	
[41]

	
7554

	

	
Identification of building defect risks in residential buildings






	
2008–2017

(-)




	
[10]

	
6087

	

	
Systematization in data collection



	
Classification matrix by defect liability period in residential buildings



	
Better distribution of defect costs






	
2008–2017

(Maintenance phase)




	
[42]

	
560

	
Poland

	

	
Identification of typical defect in residential buildings






	
2018–2020

(Warranty period)




	
[13]

	
1105

	
Sweden

	

	
Identification of defect type and location






	
2014–2021

(-)




	
[43]

	
1055

	
Malaysia

	

	
Identification of common defects and methods to solve them






	
2009–2019

(-)




	
Questionnaire surveys

	
[44]

	
118

	
Malaysia

	

	
Building maintenance management



	
Design challenges






	
-




	
[45]

	
310

	

	
Quality management



	
Identifying defects and causes






	
-




	
[46]

	
Unknown

	

	
Identification of contributing factors






	
-




	
[47]

	
63

	

	
Building maintenance management



	
Identifying building defects related to maintenance






	
-




	
[48]

	
Unknown

	

	
Identification of defect occurrence






	
-




	
[49]

	
Unknown

	
Sweden

	

	
Identification of defects from owners’ perspectives



	
Identifying relations between a project’s characteristics, the company size, and the defects






	
-




	
[50]

	
Unknown

	
Nigeria

	

	
Building maintenance management



	
Investigating the significance of design and construction defects






	
-




	
[51]

	
Unknown

	
Ethiopia

	

	
Building maintenance management



	
Assessing the most prevalent building defects



	
Identifying significant factors, impacts of construction defects, and measures






	
-




	
Building surveys

	
[52]

	
6758

	
Iraq

	

	
Identification of types of defects in newly constructed houses






	
2009–2012

(Post-handover)




	
[53]

	
Unknown

	
Singapore

	

	
Identification of sources and risk factors of defects in wet areas of buildings






	
-

(User phase)




	
[7]

	
Unknown

	

	
Identification of defects in wet areas



	
Evaluating design, maintenance, and material






	
-

(User phase)




	
Lawsuits

	
[54]

	
222

	
Italy

	

	
Classification of types of defects



	
Impact and origin of defects



	
Evaluating responsibilities of involved technical personnel






	
2000–2011

(-)




	
Client complaint forms

	
[55]

	
966

	
Spain

	

	
Identification of factors that affect the concurrency of building defects



	
Investigating differences in the quality of flats and detached houses






	
-

(Post-handover)




	
[56]

	
2351

	

	
Identification of type, source, and origin in newly constructed residential buildings



	
Finding preventive measures






	
2004–2013

(Post-handover)




	
[57]

	
2351

	

	
Classification of defects based on type, location, and subcontract in newly constructed residential buildings






	
2004–2006

(Post-handover)




	
[58]

	
52,552

	

	
Quality Management



	
Investigating whether quality control measures are operating as intended



	
Comparison of construction and post-handover defects



	
Identifying who identifies defects






	
2012–2017

(Construction and post-

handover)




	
[59]

	
2047

	
Norway

	

	
Identification of common defects, causes, consequences, and improvement opportunities






	
-

(Handover)




	
[60]

	
55,439

	
Malaysia

	

	
Identification of comm