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Abstract. The lack of systematization in the collection of building defects leads to a wide range of data
that is not used to its full potential. Unfortunately, this opportunity is missed since lessons could be
drawn from analyzing this data by systematically mapping and investigating building defects. This paper
presents the results of a statistical analysis on 27074 cases of building defects provided by a Belgian
insurance company, ranging from 1991 up to 2019. This analysis focuses on the types of damage, the
occurrence in relation to the construction time and the typology of the claims. Spearman correlation
tests, X2 tests, and Kruskal-Wallis tests are performed to assess the significance of correlations.
Moisture problems constitute 49% of all technical defects, followed by structural issues (19%), and
cracking (17%). Within the category of moisture problems, the roof is the dominant location for
problems to occur, followed by basements, fagcades, windows, and rising damp. 50% of the judicial cases
were closed after 3 years, whereas cases without lawsuit are typically settled after 1-2 years.
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1 Introduction

Currently, an immense amount of information is available about building defects in the Belgian
construction industry. Details about the causes, the damage caused by the defects, the associated
repair cost, the liability, etc. can be found in reports of insurance companies, law offices and
expertise bureaus, since they are appointed to deal with damage claims. However, the existing
information is not fully used to prevent similar mistakes and to limit the number of damage
claims in the future, since there is no harmonized data collection, no classification, no structure
and no consent in processing the data.

In different countries, initiatives have been taken to create databases on building pathologies.
‘Systéme de collecte des désordres’ (France), ‘Danish Building Defects Fund’ (Denmark),
‘Defect Action Sheet’ (United Kingdom), ‘Patorreb’ (Portugal) and ‘Learning from Mistakes’
(Italy) are only a few initiatives where countries create databases on building pathologies. The
CIB (International Council for Research and Innovation in Building and Construction) is a
worldwide network concerned with the exchange of information to learn from past and current
building pathologies. It achieves what the previously mentioned countries do at national level,
on an international level.

Statistical analysis of these data may reveal unidentified patterns and provide insights on the
dominant failures in terms of building component, type of damage, cause, time of occurrence,
geographical location, building exposure, cost, and the like. Consequently, these insights may
help in identifying aspects that need attention, additional guidelines, quality assurance
protocols, or prevention, in order to reduce the failure cost in the building industry. This is of
great importance since building defects often lead to discussions, and generate high costs, time
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delay, reputation damage, litigations and decreased sustainability.

For property developers, architects and construction managers, the results of the analysis
may provide a series of lessons on the critical aspects in order to minimize building defects.
The insights derived from the analysis can be used by building professionals, leading to
innovative ideas regarding materials, design concepts and construction methods. As a
consequence, the quality of the buildings can be enhanced. Higher quality implies better
durability, longer service life, lower life cycle cost, lower waste production, and higher
sustainability.

2 Methodology

A qualitative and representative dataset is a prerequisite for statistical analysis to derive
conclusions that can be extrapolated to the Belgian building industry. The analysis presented in
this paper was based on the database of the largest Belgian insurance company in the building
industry (containing 27 074 documented cases), representing the larger share of architects and
engineering offices in that field.

Firstly, data are extracted from the insurance company’s database, recoded and cleaned. The
cleaning of the data is not discussed in this paper, but proved to be essential for the quality of
the final dataset and analysis. Note that no statistical data-imputation for missing fields was
done. A second step concerns the selection of the statistical tests and their graphical
representation in the search for statistical correlations, associations and differences. Because of
the size of the database (26 392 cases remaining after cleaning the database), it could be
assumed that the variables are normally distributed and parametric tests can be performed
(based on the Central Limit Theorem (CLT)). However, since the database contains a high
number of outliers and extreme values and some combinations in the subdivisions contain a
limited number of cases, the CLT cannot be applied for a more in-depth analysis. Therefore,
non-parametric statistical testing is executed.

The following three tests are used: Spearman correlation, X? and Kruskal-Wallis. The focus
is on the detection of correlations, trends and differences for the level of occurrence, cost and
time. The trends and statistical differences are discussed and interpreted in chapter 4, Results.
Finally, the last chapter provides some conclusions and future perspectives.

3 The Database

The database from the insurance company contains 27 074 documented cases, which have been
processed and filed by either jurists or engineers between 1991 and 2019 working at the
company. Since jurists are not trained in building science, there is perhaps a possibility that
some damage cases are incorrectly diagnosed or documented in the database. However, for
technical more complex cases a construction expert is always consulted, and given that this
paper focusses mainly on the overall analysis, it is considered that this effect is negligible for
the analysis presented here.

It must be considered that unconscious selection bias is present, as the insurance company
mainly focuses on the insurance of the professional liability of architects and contractors.
Hence, failures in which an insurance company is not involved (e.g. contractor makes a mistake
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and repairs it) are not covered here. By consequence, the analysis does not provide insights into
the complete overall fault cost or construction failures. Nonetheless, this database is a relevant
sample of the real ‘population’ of construction failures, as it can be assumed that the more
complex cases are covered, and as well the important failures in terms of associated costs.

4 Results

4.1 Damage Categories

Using descriptive statistics, the occurrence hierarchy of the nine categories of damage is shown
in figure 1.
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Figure 1. Distribution of the 9 categories of damage for 26 392 cases.

Five of the nine categories do not involve building defects and are therefore not further
discussed. The category ‘other’ will not be taken into account even though this category also
contains damages due to building defects. Due to the size of this category, we cannot analyze
each case individually. Thus this category is eliminated to ensure homogeneity. Four categories
remain: moisture problems, stability, cracking and residential nuisance (figure 2), containing
13 068 cases. Most building related damage claims are caused by moisture problems (49%).
Cracking, residential nuisance and stability have a similarly smaller share of 16-19%.

The distribution of the damage types within the different categories is also shown in figure
2. For moisture problems, the two mayor problems are concerning water infiltration in the roof
(24%) and the basement (21%), while all other problems only occur less than 10% of the time.
It must be noted that the subcategories contain labels according to location and type. This makes
it unclear how, for example, ‘condensation problems in the roof” should be categorized.

For stability, the roof (27%) is the most affected apart from the 49% of cases which is
categorized as “General stability problems”. These general stability problems regard the general
load-bearing structures like walls, beams and columns with the exclusion of the separate
categories.

For cracking, the lack of a detailed categorization obstructs the opportunity for a more in-
depth analysis. Cracks could have been formed due to stability or moisture problems.

For residential nuisance, the damage is the most often categorized as sewage problems
(22%), defective material (12%), heating problems (11%) and finishing (11%).
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Figure 2. 4 categories of construction damage and their respective subdivisions for 13 068 cases.

4.2 Temporal Evolution of Claim Distribution

The number of claims evolves over time. Between 1991 and 2003, there is an almost constant
number of claims, then the number starts to increase until 2010 when it slowly decreases again.

The reason why numbers start to increase in 2003 is that the insurance took over a competitor
in that year. The decrease in claims starts a few years after the financial crisis in 2008, which
of course had an impact on the construction market. In addition, in 2008, a new law was also
introduced regarding the compensation of court costs: the losing party must pay the winning
party a fee to compensate juridical costs. In 2010, the insurance company also decided to
introduce prevention measures to cover contract initiations and contract problems and starts to
provide advice and assistance to the insured professionals when a rise of the imminent defects
can be noticed, which also might partially explain the decrease over the last decade. However,
it can be concluded that the overall number of cases in the database is affected by the company
structure, the variable market share over time, the work volume in the construction industry
(business cycle), evolution of construction standards and guidelines, prevention measures, and
the like. Although it is generally acknowledged that the introduction of the EPBD in 2006 has
had a clear impact on the building sector and changed building component compositions
drastically, it is yet unclear to what extent that change has resulted in an associated rise (learning
curve for new methods) or decline (more quality control and larger buffers) in failures.

When we look at the distribution of the types of damage per year, it is observed that the
percentages fluctuate over time. From 2001, an increase of ‘neighborhood damage’, is detected.
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The latest ten years a small decrease in the number of ‘site issues’ (measurement and
calculation errors, delivery problems, delays, budget exceedance,...) is noticed (figure 3).

When only the four main types of damage are considered (moisture problems, stability,
cracking and residential nuisance), we see that ‘moisture problems’ remains the most occurring
damage type.
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Figure 3. Evolution of the distribution of types of damage over time.

4.3 Moment of Occurrence in the Building Process

Damage claims can occur at different times. The milestones considered here are the provisional
acceptance (PA), the final acceptance (FA), the fifth year after the final acceptance and the tenth
year after the final acceptance (the end of the ten-year liability period).

In figure 4 it is observed that in 47% of the cases, damage occurs before the provisional
acceptance and in 28% of the cases, damage occurs in the five years following the final
acceptance. It makes sense that there are almost no damages found after more than 10 years.
These cases are less relevant for the insurance company because there is only a 10 year liability.
There is only a 1 year difference between PA and FA, explaining the lower percentage (13%)
in this interval.
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Figure 4. Bar chart: Distribution time (delivery).

The X2 - test for ‘Damage’ and ‘Time delivery’ indicates various significances. Figure 5
shows that stability problems mainly arise even before the final acceptance has taken place and
that moisture problems mainly occur within five years after the final acceptance. Only 15% -
25% of the cases are reported between five and ten years after the final acceptance. Therefore,
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from these data, it can be concluded that stability problems occur early in the construction
process and that cracking and moisture problems arise later.
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Figure 5. Analysis of time of occurrence in the building process (delivery) for the 4 main categories

Next, the four main categories are considered separately and conclusions are drawn for
aspects for which relevant significances were found. No extreme exceptions are found for
moisture problems. Water infiltration of roofs and basements occurs in more than 30% of the
cases before the final acceptance. At first sight this appears to be in contrast to the general
conclusion above on the occurrence of moisture problems. However, it should be noted that
these building components typically adopt a perfect barrier watertightness concept: flat roofs
and basements do not incorporate drainage or buffering systems which may result in a quick
appearance of building defects. Next to that, both building components are subjected to water
loads irrespective of co-occurrence of wind and rain events (resulting in wind driven rain loads
on buildings). Although cathedral roofs typically include drainage systems, moisture mass
buffering is not present. Rising damp occurs in 30% of the cases between five and ten years
after delivery, while for the other moisture problems this is only around 20%-25%. Thus rising
damp is a phenomenon that takes more time to develop, while water infiltration to roofs and
basements occurs rather quickly.

For stability, it is observed that for the subcategories collapses, stability problems of
foundations, and roofs, more than 50% occurs before final acceptance. On the other hand, for
the stability of vaults and floor slabs this is between five and ten years after final acceptance.
Collapses are probably mainly attributed to demolition and renovation works.

It seems remarkable that residential nuisance is already reported before the provisional
acceptance (figure 5). However, this result can be explained by looking more in detail to the
specifications of residential nuisance (figure 6). Damage related to finishing, color, aesthetics
and pure non-material damage occur mainly before the provisional acceptance. These defects
are detected when the material is supplied or when the construction is still in progress. As
expected, corrosion and moss growth occur later in time.
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Figure 6. Specification residential nuisance versus time of occurrence (delivery)

4.4 Damage and Type of Settlement

The type of settlement reveals information on the complexity. There are three types of
settlement: Amicable settlements without appointment of experts, amicable settlements with
appointment of experts and juridical files with appointment of lawyers. An amicable settlement
of a dispute is a settlement that satisfies both the parties. Juridical files are generally speaking
more difficult. The different categories all have about the same amount of judicial files.

Therefore, the X2 - test for ‘Damage’ and ‘Type of settlement’ indicates that specific types
of damage are more complicated than others. Since stability is more complex, it is less classified
as amicable settlements without the appointment of experts (only 18% of cases in this category)
than residential nuisance (32%), moisture problems (27%) or cracking (23%).

4.5 Time of Occurrence and Type of Settlement

The X2 - test between ‘Time delivery’ and ‘Type of settlement’” shows a significant difference.
Damages occurring in the tenth year after the acceptance are mainly judicial files (56%) or
amicable settlements without appointment of experts (38%). The type amicable settlements
with appointment of experts is almost completely missing. This can be explained by the tight
timeframe for lodging the complaint: the ten-year liability is coming to an end. Therefore, if
necessary, it is classified as judicial, but if it can quickly be solved in an easy way, it is classified
as amicable settlement without appointment of experts.

5 Conclusions

The database analyzed here comprises four main types of damage related to building defects:
moisture problems, stability, cracking and residential nuisance. It was concluded that moisture
problems, mainly water infiltration and rising damp, account for about half of the building
defects. Even though the number of damage claims evolves over time, water infiltration remains
the prominent claim. It must be noted that there are a lot of inconsistencies regarding the
categorization of the cases. The subcategories, for instance, contain labels according to location
and type. This makes it unclear how certain cases should be categorized.

Some types of damage are more complex than others. Stability is more complex since they
are less classified as amicable settlements without the appointment of experts than residential
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nuisance, moisture problems or cracking.

Most problems occur before the final acceptance. When we look at each type of damage
individually, we notice that each type of damage occurs at different times. Moisture problems,
cracking and residential nuisance occur later in time, compared to stability problems. Within
the cases considering stability, especially collapses or damage arising at the foundations are the
ones to occur before the provisional acceptance. For the cases considering moisture problems,
rising damp occurs later than all other types of water damage.

For damages occurring in the tenth year after the acceptance, there are almost no amicable
settlements with appointment of experts. This can be explained due to the tight timeframe for
lodging the complaint, the ten-year liability is coming to an end. Therefore, if necessary, the
complaint is classified as judicial, but if it can be easily solved, it is classified as amicable
settlement without appointment of experts.
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