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Abstract
The main focus of this research is the Light Envelope, a specific and not widely known type
of building envelope produced with technical textiles. In particular we focus on a highly
widespread type of construction, textile sports facilities .To define the scope of the present
paper, the field of investigation was restricted to minor sports facilities. The focus is on the
study of the impact this technology has on the users’ perception of environmental indoor
comfort. A direct experimentation permitted the concrete definition of the problem at the base
of the research: the conditions of absolute discomfort experienced during sporting practice in
these indoor spaces.–We subsequently drew an evaluation and comparison of the different
products (or technical solutions) for the envelope, in order to outline the effects of each
product on indoor comfort perception. This final step aimed to highlight and compare the
various technical solutions currently available. This analysis is a valuable tool for end users
(technician / designer) when making the appropriate choices for a correct design of the cover
itself. Finally, an innovative package for the cover was proposed which, due to its
characteristics, could represent a quality prototype whose utilization can be widely spread for
the construction of this type of buildings.
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1. Introduction

Soft skins

Termal, Optical and Acoustic comfort

The spread of indoor sports practiced in Italy (ISTAT, 2005) has determined the need
for sports facilities on a local scale, which we could define as "minor". The smaller sports
facilities can have different configurations and different construction technologies, from the
traditional "heavier" to the light ones; they can be covered, uncovered or semi-open (with
removable cover). The characteristic that distinguishes them from large systems is the service
of neighbourhood: a limited number of users are needed; they have a low turnout; they are
small in size; they do not host large events; they remain part of a "local" reality, which often
also identifies the social context. These sports facilities are today the most widespread type in
Italy. Precisely because of their value as an "centre of attraction " they are often overused,
even if in unsuitable conditions, often reaching levels of degradation or inadequacy (technical,
functional, equipment etc.), although they are also used by many professional athletes. In fact,
just only in the last decade the number of professional athletes throughout the national
territory increased from 3,415,905 to 4,500,327 (Uva, 2014).Therefore, the operation that
should be encouraged is to promote sports activities through welcoming infrastructures and
services, capable of hosting as many users as possible, and at the same time promoting the
practice of sport carried out in conditions of absolute physical, physiological and mental wellbeing.1 Despite a substantial European research activity that focuses on the formal
architectural of minor sports facilities (or facilities for young people), in relation to their use
in Italy today, many researches follow a different methodology: given the lack of construction
land, the possibility of a "rebirth" of minor structures for sport is often sought through the necessary - recovery of disused spaces, or reconversion of buildings, or through the
construction of temporary and light structures. This contribution deals with minor sports
facilities through the study of a very widespread light construction model. This is due to many
reasons ease of installation and maintenance (and therefore low costs), the practicality of
inclusion in any urban area (with consequent control on the 'impact’ on the environment), the
ease of transformation (which corresponds to a reuse of the constituent elements): minor
sports facilities with a textile casing. These systems are identified as light, economic, flexible
and minimally invasive structures, created for the practice of all types of sports (from aquatic
sports to extreme sports, such as those on ice). They are characterized by a textile cover, with
a thin and non-massive shell composed mostly of polymeric products. The envelope can be
made up of products that are catalogued in the T.U.T., which we can define as textile
materials that meet high technical-quality requirements and that have ability to adapt to a
technical function. Currently the T.U.T. represents a particularly dynamic production
segment, in continuous growth, both in basic and applied research and at different levels of
operations (Zanelli, 2009).The main characteristic of the use of these products is that of being
extremely low cost compared to a traditional massive casing. This means this type of solution
is chosen at the technical and economic feasibility stage without considering the repercussions
that an envelope of this type can have in the indoor space at the level of environmental
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comfort, but simply through prioritizing the economic aspect.2 Unfortunately this is due to
many designers’ lack of knowledge of this sector of the technical textile industry and of the
real functionality of sports buildings The problem is further amplified by the low quality of
the technical information which is not conveyed in a correct and synthetic way.
1.1 The aims of the study on "minor" sports facilities
To further define the set of sports facilities examined from the dimensional point of view, and
in order to give a clear definition of what is meant by a "minor" sport facilities, we analyzed
the minimum playing surfaces of different sports sharing the same flooring. With this
operation it was possible to identify a "model" of reference (Figure 1) that contained more
space for possible activities, compatible with each other both in terms of size and type of
flooring. It was compared the size of the playgrounds with the same flooring joined to the
respective bands on the sideline, mandatory for all sports, and see which was the largest,
considering the pre-disposition of the polyvalence.

Figure 1: Characteristics of minor sports facilities with a textile casing object of the research

The model of sports facilities that this research has examined has been preliminarily deduced
from a comparison proposed by the industry standards.3 The consequent characteristics were
then validated through a more specific study related to the types of sports facilities, also
focusing on the options that are offered by main companies offer in reference to the
prefabrication of sports facilities. From the first studies of the morphological and
technological type, all the technological properties of the light sports facilities have been
highlighted, closely linked to the cover system: in fact the indoor performances of these sports
spaces and comfort conditions depend almost totally on the textile covering that encloses,
even if very often during the design phase, the right attention is not paid to the stratification of
the envelope. Every athlete, who practices both amateur and agonistic activities, spends many
hours in these spaces, in critical environmental conditions. Inadequate visibility, glare, noise,
too high or too low temperature, poor air quality: these are just some of the discomfort factors
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Termal, Optical and Acoustic comfort

that each of them faces every day. To assess the indoor condition of comfort or discomfort
(general objective of the research), the prevailing factors that characterize these conditions
during the sports practice have been identified. Through the study of the legislation, the field
of investigation has been restricted to four factors / requirements: thermo-hygrometric, visual,
acoustic and air quality comfort. In order to validate the topic, a review of the few
international researches that dealt with comfort during sporting activities was conducted. The
first results showed prevalent insights in the field of design (sports equipment, sportswear
clothing) and energy saving. This is why one of the specific objectives was to propose a
monitoring and evaluation system for the various parameters that characterize the
configuration of the components of the envelope (and therefore of textile materials), through
the use of specific indicators that identify the effects that every requirement has on the overall
perception of indoor comfort, in order to support the designer, defining a framework for
evaluation and comparison which can be useful for making "thought out" choices. If the main
cause of indoor discomfort is due to the lack of attention to the design of the envelope, a first
result of this research was a classification of the main types of casing most frequently used,
defining, for every aspect related to the building process phases, the strengths and
weaknesses, and their impact on the various aspects of comfort. This aims to underline how
the aspect of comfort must be considered from the planning phase, and not only at the end of
the construction of the sports facility: by evaluating the incidence of comfort in every single
phase of the process, it will be possible to know how much during the life span of the sport
facility itself the problem of comfort will be solved.

2. Methodology

Soft skins

The research involved a first phase consisting of a cognitive survey on a sample of five sports
facilities in the city and the province of Rome (Figure 2).Although not being representative of
the totality of minor sports facilities with a textile casing, this sample can provide reliable
information on the perception that athletes have of the space in which they train and on its
critical issues. These sports facilities have different features, as regards age, morphology, and
functions, but they all share a similar weekly attendance in terms of number of athletes (about
107). The analysis on the 5 structures was performed thanks to the collaboration of the sports
management companies and the athletes themselves (over 200 athletes),who were asked to
respond to a questionnaire aimed at assessing the level of comfort or discomfort perceived
during sports activities. At the same time, by analyzing the building technologies used, the
dimensions, the furnishings, the crowding, and the technical systems, we identified the critical
situation to be improved. This phase has returned a critical reading of the most common
situations on the Italian territory.
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Figure 2: Sports facilities chosen for experimentation

The athletes were given the questionnaire for the assessment of perceived comfort. The
questionnaire is structured into different questions with their pre-set answers, divided into
groups related to different reference parameters concerning the microclimate control. This
structure was very similar to the subdivision proposed by the CONI 1379/2008technical
standards, which show the limit values of microclimatic parameters for each space intended
for sporting activities. This comparison (figure 3, 4) allowed to take the OfficAir
questionnaire as a reference, distribute it to the users involved and evaluate it through the
scales of values provided by the CONI technical standards. To obtain reliable results,
calculations were necessary in order to have all the values on the same scale and to make them
comparable to each other.

Figure 3: The questionnaire items of the Officair Study
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Figure 4: CONI technical standards (Regulation 1379/2008)

Termal, Optical and Acoustic comfort

The surveys, lasting between 2 and 18 weeks, were supported by special tools4 and external
consultancy by field experts. Thus, we arrived at a clear structuring of the reference
framework and defined a system for collecting and classifying data. This surveying activity
was divided into three phases:
- Phase 1: architectural and constructive analysis for a first identification of the morphotypological parameters (framing of the urban context, descriptive synthesis and representative
images). To obtain a more complete descriptive picture, the values of the reference
microclimatic parameters were detected in a single moment, using specific instruments. In
particular, we detected (i) the internal temperature; (ii) the relative humidity; (iii) the speed of
the air; (iv) the lighting; (v) the noise level; (vi) the amount of PM2.5 particulate and the
VOCs. Detecting these data in a single moment and in a single environmental position(at the
centre of the facility), provides a homogeneous information framework for the indoor
microclimate of the case studies.

Soft skins

- Phase 2: distribution of the questionnaires, preceded by a brief description of the motivation,
purpose and methodology of the interview and concluded by final notes in which each
interviewee was able to add observations or personal considerations. The athletes involved
were required to have attended the gym for at least a year, and for at least 4 hours per week
(amateur), up to a maximum of 25 hours per week (professionals). For each sports facility, 70
questionnaires were distributed, out of which only 51 were considered for each structure for
evaluation purposes, as the final response rate was not 100%.
- Phase 3: data analysis. Each section was analyzed through the Likert Scale. This scale
assigns a value (ascending or descending) to each response level. 5 Once the values had been
compared, some graphs were created referring to each sports facility. Radar graphs for each
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macro-group were drawn to represent the variation of the responses obtained from each sports
facility (Figure 5).An analysis was then carried out to evaluate the environmental comfort
parameters of the individual gyms, in order to find out which was the least critical sports
facility. The questions on temperature, air movement and internal humidity had a different
rating scale, therefore, in order to compare the results with each other, we proceeded with the
normalization of all the values until we had comparable numerical results. The final synthesis
provided an estimate of the criticality level of each sports facility with respect to the
parameters considered to assess the operating conditions of each of them, mainly through user
satisfaction surveys.

Figure 5: Comparison of the five minor sports facilities at the single parameter level investigated through
the questionnaires.

The comparison shows that the five sports facilities are positioned around an average value,
which therefore indicates a condition that is not completely satisfactory for the practice of the
activity (Figure 6). Although there are no sports facilities with a score below +3/7 ("not bad"),
it is also true that none reach the +5/7 value ("quite good"). This deficiency means an
absolutely unsuitable global situation, in terms of environmental comfort, to allow sports
practice. It follows that such buildings, so designed, do not meet the satisfaction of users.
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Figure 6: Evaluation scale used and comparison between the individual sports facilities.

2.1. The answer for textile cover design

Termal, Optical and Acoustic comfort

Is it possible, after the previous considerations, to talk about "comfort design" in a sports
facility with a textile casing? It has been established that the problem of discomfort exists and
is real: how is it possible to intervene to prevent this problem, both during the planning of
modifications and during the management phase of a sports facility? Considering the problem
of the very low durability of these casings compared to traditional casings (estimated at
around 15 years), support tools are needed for the various operators that are involved
throughout the building process. In order to control "advantages" and "limits" of a textile
membrane plant, one can identify items to assess the overall level of the state of conservation
and operation of existing sports facilities. These items can be given a value to develop an
overall synthesis of the conditions of each sports facility. By matching these items with each
type of construction being studied, one can obtain different case studies that fully depict the
functional image of the sports facility itself. In fact, by structuring a scoreboard, it is possible
to identify lines of actions to solve various basic problems, such as (i) the low level of
knowledge on these construction typologies; (ii) the poor quality of technical information
related to products for the textile envelope; (iii) the lack of consideration of comfort within
these structures. Through these three issues, and proceeding with the definition of an
evaluation framework for the most adopted casing technical solutions for the deployment of a
textile cover, it is possible to establish valid "designed" intervention strategies, performing in
relation to control of indoor discomfort.

3. Results

Soft skins

The proposed scoreboard takes several items into consideration. For each single material for
the envelope, or "package" for the envelope, a single Excel spreadsheet has been created,
along with a summary sheet containing all the information concerning the adopted technical /
technological composition. The first informative level is graphic (constructive details,
images), to which tables are added containing the specifications of each considered item. The
first table frames the product for the envelope within the building process phases; the second
frames the product compared to the impact on indoor comfort that each phase can generate.
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Each described feature is identifiable through a definition and description of the material /
product being examined. Furthermore, a qualitative indicator is assigned to each item, to
allow its evaluation and to obtain a global score qualitatively identifying the examined
product. The overall sum of the scores for each product varies with the number of items
actually considered, based on the score of each item and based on its influence on the indoor
comfort. Finally, the single score value, ranging from 1 to 3 (Low = 1, Medium = 2, High =
3), must be entered in the score column. We chose to define an increase factor (Qx) to be
assigned only to items impacting on the relevant comfort, both positively (Qx = +2), and
negatively (Qx = -2). In the next column, the final score will be reported, obtained from the
sum between the score value and the value of Qx. The final score can then be positive or
negative, and will range between +5 and -1.A total of 10 traditional products are considered.
Each product is described by qualitative indicators and by the items related to the product
itself during the process phase, or when applied as enclosure elements for the construction of
light sports facilities. It is therefore possible to have a clear score for each product, allowing
the designer to evaluate its effectiveness and to compare it with complementary products. By
comparing the analyzed products and their scores, we can order them qualitatively. Out of the
examined items, the most competitive product in terms of quality / cost ratio(and of comfort,
in particular) is found to be the expanded PTFE membrane. On the other hand, the less
performing product from the qualitative and performance point of view related to comfort, is
the glass fiber / silicone membrane: this product does not achieve optimal performance in
terms of comfort, and also does not meet some important requirements (such as cleanability /
durability).
With reference to innovative materials, the transparent insulation materials (TIM) were
analysed. They have the same insulating capacity as the glass fibers, and a solar transmission
coefficient comparable to a double glazing unit. The special optical and thermal properties
allow considerable energy saving on the one hand, thanks to the passive exploitation of solar
energy, and an effective improvement of the thermal and visual comfort conditions of the
internal environment on the other, thanks to the low transmittance value and high transmission
value of diffused light. Up to now, TIMs have never been used for roofing or textile façades.
For this reason, by closely collaborating with the TIM producer Okalux, the main problem of
a TIM panel with two or more layers of textile type has been identified, namely the low
tensile strength of the panel itself. In fact, a TIM panel generally has a fragile behaviour;
however, the use of the Oki panel product, homogeneous nature and reduced thickness, was
experimented fusing the "heads" of the internal structure with a thin sheet of polyethylene or
glass fiber fabric. Thus, we proposed a technical solution that entails the use of polyester
fabric and PVC coating + pvdf lacquering - to be integrated with a TIM panel instead of the
classic double glazing unit. This solution is composed by a casing of variable but very small
(about 2 to 5 cm)thickness (according to the TIM material being used), and it could be used to
cover large sports spaces, keeping its "light" nature. Moreover, this solution would combine a
high degree of translucency with a good thermal resistance. Even the visual comfort would be
guaranteed, thanks to the translucency of the material, which if combined with a translucent
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material (such as the one proposed in Figure 7) would ensure natural light supply thus limiting
the need for lighting devices, favouring high energy saving, a better insulation, and therefore
thermal insulation. Certainly this solution needs to be tested, but it could draw an innovative
line increasingly oriented to raising awareness about indoor comfort conditions that users who
practice sports in these facilities need.

Figure 7: A possible light envelope package solution, with two textile layers + TIM

4. Final considerations

Termal, Optical and Acoustic comfort

This research aims to sensitize the designers, managers, technicians, lenders of sports facilities
on the importance of indoor comfort during training hours. The results of the different phases
can represent useful tools for all the figures that revolve around the building process of these
buildings, to support decision-making. All the processed information can be organized in
digital platforms, so to be available as a basis for future studies. This data generated a
"decomposable" information framework, that can be implemented according to the evolution
of sports federations rules. In addition, indoor comfort has been approached in an
interdisciplinary way, with different disciplines each contributing to the final result with
important, specific "knowledge". Finally, without the support of figures belonging to different
scientific fields, this research would have been “sectorial”: it is important to underline the
necessity of a continuous interaction between experts from different scientific fields, to
activate an exchange of skills that leads to the definition of a quality result.
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In this case, well-being is understood as physical and / or mental well-being that the body feels when practicing
sport.
2
These choices concerned large stadiums or sports halls made with sophisticated light construction techniques
(such as ETFE bearings). But also a large amount of smaller PVC structures, "sovereign" material of the sector,
or other low-cost synthetic material.
3
CONI Rules for Sports Facilities, approved by resolution of the National Council of CONI n. 1379 of 25 June
2008.
4
The instruments used were: (1) a detector for measuring indoor air quality, and more precisely the level of
VOCs (Volatile Organic Compounds) and PM2.5 particulate. The same instrument detected the temperature and
the relative relative humidity; (2) an anemometer with a propeller probe to measure air velocity; (3) a lux meter
with photometric probe to measure the level of internal illumination; (4) a sound level meter to record the
internal sound level.
5
Given the presence of different scales between the various questions, it was necessary to normalize the
reference values to make them comparable in a single scale.
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