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Abstract. This paper focuses on the study and quantifications of pathologies in solar energy, gas,
cooling, heating and ventilation installations, based on complaints filed in the courts by the owners of
a large number of houses in which errors appeared in those installations. The relevant complaints filed
across all of Spain were studied, in what is an important contribution to forensic engineering, given that
access to the outcome of civil court cases is seldom obtained. The representativeness of the data is not
partial but total, since the entirety of cases existing in the period under study was part of the sample,
enabling us to consider this to be a general exposition on the epidemiology of construction pathologies
in installations in houses in Spain. It should be noted that the Spanish construction sector is one of the
most problematic ones, due to the dissatisfaction generated in homeowners, and as it is one of the ones
leading to the highest number of complaints filed with consumer protection bureaus and in the courts.
In the investigation, results have been obtained for each of the installations (183 cases in total),
according to the type of anomaly (the most important are dysfunctions, leaks and humidity), the
pathological origin (poorly arranged encounters, omissions of elements, among others) and the type of
construction where it is produced (especially in block dwellings).
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1 Introduction

The purpose of an HVAC installation is to provide correct heating, ventilation and cooling,
reliably maintaining comfortable values of humidity, temperature, and air quality, despite
changes that might occur externally (Cohen et al. 2017). Accordingly, these installations
(heating, ventilation and cooling) are key in air treatment, dehumidification, etc. Solar energy
and gas supply installations further meet these needs, providing greater comfort. Indeed, in
some context the set of these five types of installations are referred to as comfortability
installations.

Recently, Yang et al. (2018) planned a fault detection mechanism for these installations,
developing a method based of prognoses using synthetic data of temporal series through
simulations in computer programmes. A year earlier, Turner et al. (2017) published a procedure
for fault detection in buildings with some of these installations.

The scientific literature especially covers heating, ventilation, and cooling installations, from
different perspectives. In 2018, a study was published identifying various factors affecting risk
to cost and time in construction (Mosaad et al. 2018). In another perspective, Ruano et al.
(2018) showed that half the energy consumption in residential and non-residential buildings
was basically used by heating and cooling. It is for this reason that other authors (Wu and Sun
2011) consider it useful to develop methods of verification of certain parameters, through the
use of energy flow models; including the study of air flow and the cooling/heating load (Cetin
and Kallus 2016).
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For Behfar et al. (2017), the detection and diagnosis of faults in buildings’ installation
systems (especially when those faults convert into pathology problems) is of interest given that
they allow the reduction of consumptions and operating costs, thus being a useful work tool for
all technicians (engineers as well as architects).

One of the main limitations for the ample and in-depth knowledge of problems in
installations is that a part of the reviewed literature has relied on observation processes or on
surveys more or less focused on buildings of a specific developer or builder. Moreover, the
lower number of problems existing therein in relation to other units more prone to pathologies
(such as roofs, facades and structures) lead to them being less known.

The purpose of this research is to identify the most important types of anomalies in these
types of installations, as well as their recurrence, based on judicial complaints made across all
of Spain by building owners. The knowledge of these anomalies will be useful to designers,
construction managers, and maintenance supervisors.

2 Methodology

This research analysed the data corresponding to the policies dated 2014-2016 of the civil
responsibility insurance of Spanish technical architects and building engineers (Musaat
2014 2016) that saw complaints by owners related to construction problems (Serjuteca
2014-2016). This data was sourced from the Musaat Foundation’s study “National statistical
analysis on construction anomalies” (Carretero-Ayuso and Moreno-Cansado 2016), that aimed
to identify the most frequent anomalies in the Spanish construction sector.

When a building user experiences problems in the construction, and the developer and
builder do not solve them, users often resort to the judicial route. At this point, they also file
complaints against the technicians that participated in the construction process: the designer
and construction managers. This is done mainly because these technicians should be covered
by civil responsibility insurance, which, in turn, is not required in Spain for developer and
builder companies.

Once the judicial process is initiated, expert reports are produced indicating the types of
anomalies and in which construction elements or installations the problems occur. It is from
this database, owned by the insurer of the technical architects and building engineers in
question, that this study obtains all its resources and values. In this regard, it should be
mentioned that, as a requirement to include the data in this research, it was determined that data
points would only be considered when the respective court sentence was final and unappealable
in any higher courts, often years after the complaint was first filed.

All the complaints filed in the country were analysed and protocolised, with 183 cases being
found (number of times an anomaly was counted) related to the installations being study: ‘Solar
Energy’ (I1), ‘Gas’ (I12), ‘Cooling’ (13), ‘Heating’ (I4) and ‘Ventilation’ (I5).

The classes were classified into 4 groups, each representing a different type of anomaly that
was the object of a complaint by owners, according to the conclusions of the relevant technical
reports. The types of anomalies are: ‘Fissures in the cladding’ (A1), ‘Deficient ventilation (A2),
‘Leaks or humidities’ (A3) and ‘Dysfunctions’ (A4).

The pathological origins leading to these anomalies were identified and catalogued into 4
types: ‘Inadequate tail-ends’ (OP1), ‘Omission of elements’ (OP2), ‘Irregularities and
deficiencies’ (OP3), and ‘Various’ (OP4).
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The types of construction studied were: ‘Detached houses’ (V1), ‘Attached houses’ (V2) and
‘Block dwellings’ (V3).

3 Results

3.1 General Values by Installation

The values obtained in the five installations were very different from one another. As shown in
Figure 1, ventilation (15=42%) accounts for the greatest percentage, followed by heating
(14=32%). In last place are solar energy installations (11=2%).
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Figure 1. Percentages of cases existing in each installation.

3.2 Values by Type of Anomaly

As indicated above, each of the 4 types of anomalies that were the object of complaints were
analysed. The one with the greatest prevalence was ‘Dysfunctions’ (A4=64%), a term that has
grouped within it a series of anomalous and poorly functioning processes. As shown in Figure 2,
‘Leaks or humidities’ (A3=19%) are placed second.
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Figure 2. General percentages of the types of anomalies found in the research.
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In order to further deepen and break down the information on the prevalence of the anomalies
for each installation, Figure 3 was produced, showing the weight of each of them. It can be seen
that heating and cooling have three types of anomalies each, while ventilation and gas
installations have two types. Finally, we can observe that thermal solar energy installations
concentrate all their anomalies in a single type (‘dysfunctions’).
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Figure 3. Distribution of the anomalies present in each of the installations.

It should be noted that in each of the installations there is clearly a dominant anomaly,
aggregating approximately 2/3 of all cases (between 62% and 64%, except for 11, in which case
it is 100%, as it is the sole anomaly). On the other hand, in those installations with three types
of anomalies (13 and 14), the anomaly with the lowest percentage always has a residual value
(only 2% or 3% of the cases).

3.3 Values According to the Pathological Origin

The pathological origin (cause) with the greatest prevalence is OP4, with 35%, followed by
OP3 with 34% (see Figure 4).
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Figure 4. Values from smallest to largest of the different pathological origins found.
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If the origins are broken down for each of the five installations, the following results are
obtained:
-Solar energy (11) = OP3(100%)
-Gas (12) = OP1(45%) + OP3(36%) + OP4(18%)
-Cooling (13) = OP1(16%) + OP2(13%) + OP3(31%) + OP4(41%)
-Heating (14) = OP1(8%) + OP2(24%) + OP3(39%) + OP4(29%)
-Ventilation (15) = OP1(8%) + OP2(25%) + OP3(27%) + OP4(40%)
It can be seen that the installations I3, 14, and I5 have 4 pathological origins each. In turn, 12
has 3 types of origins, and 11 has only 1 type.

3.4 Values According to Type of Construction and Type of Anomaly

One parameter that was also characterised by each of the anomalies was the type of construction
in which they occurred. Based on Figure 5, they are most concentrated in ‘block dwellings’
(V3=60%), followed by ‘attached houses’ (V2= 26%). In all cases, the most frequent anomaly
were ‘dysfunctions’ (A4 between 8% and 39%), with ‘leaks or humidities’ (A3 between 3%
and 9%) in second place. Lastly, anomaly Al is not present in the type of construction V2.
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Figure 5. Relation between the type of anomaly and the type of construction.

3.5 Processes of Functional Deterioration

A ‘process of functional deterioration’ (p.f.d.) is the simultaneous and joint interrelation
between each installation, its anomalies, and pathological origins; in this regard, each of the
cases were studied and their anomalies were counted, differentiating them according to
pathological origin.

A total of 30 different p.f.d. were detected in this study (see Table 1), demonstrating the
variability of the situations that can take place. The ones with the most cases were 15-OP3-A4
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and 15-OP4-A4 (18 cases each). They are followed by 14-OP2-A4 (14 cases).

With regard to installations, the one with the greatest percentage was 12, with two
combinations: 12-OP1-A3 and 12-OP3-A4. Each represented 27% of anomalies found in gas
installations. Solar energy (11) has only one p.f.d., while cooling (13) has the greatest variability:
9 p.f.d.

Table 1. Percentages of recurrence of each process of functional deterioration.

Installation Pathological Type of % of the % of the
Icon Code origin anomaly installations total
E;_I‘IJ 11 OP3 Ad 100% 2%
oP1 A3 27% 2%
Ad 18% 1%
12 OP3 A3 10% 1%
A4 27% 2%
OP4 Ad 18% 1%
oP1 A3 13% 2%
Ad 3% 1%
OP2 A3 3% 1%
Ad 9% 2%
13 oP3 A3 6% 1%
A4 25% 4%
Al 3% 1%
OP4 A3 13% 2%
Ad 25% 4%
OP1 A3 8% 3%
OP2 A4 24% 8%
Al 2% 1%
14 OP3 A3 19% 5%
A4 19% 5%
.~ A3 6% 2%
Ad 22% 7%
OP1 A2 1% 1%
A4 6% 3%
oP2 A2 16% 6%
4+ A4 10% 4%
[":'] 15 A2 4% 2%
OoP3 A4 23% 9%
oP4 A2 17% 7%
Ad 23% 10%
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The anomaly A4 (‘dysfunctions’) is present in all installations, being associated to three
types of pathological origin: ‘inadequate tail-ends’ (OP1), ‘irregularities and deficiencies’
(OP3), and ‘various’ (OP4). The combinations occurring lest frequently (1 case) are: 12-OP3-
A3, 13-OP1-A4, 13-OP2-A3, 13-OP4-Al, 14-OP3-Al and 15-OP1-A4.

The determination and knowledge of each process of functional deterioration have not been
identified nor calculated by any of the bibliographic references reviewed for this research. As
such, this inclusion is considered to be a novel and important contribution to the technical-
scientific knowledge on this type of installations, in addition to assisting technicians in focusing
their attention on those combinations that are most problematic. In this manner, it will be
possible to reduce anomalies in both the design and construction phases, as well as minimise
non-quality costs.

4 Conclusions

- It was shown that the installations with the most cases are ‘Ventilation” (15=42%) and
‘Heating’ (14=32%), representing practically 3/4 of the total. As such, efforts to reduce
anomalies should be focused in these installations.

- The most frequent pathological origins were ‘Diverse’ (OP4=35%) and ‘Irregularities
and deficiencies’ (OP3=34%), and most cases were concentrated in ‘block dwellings’
(V3=58%).

- Lastly, it was shown that the expert technical reports used as a basis for owners to be
able to file their complaints were a very helpful procedure to determine the installations
in which anomalies occur the most.
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