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Preface

This book contains some of the papers presented at the [nternational Conference
on Underground Spaces — Design, Engineering and Environmental Aspects, held
on the Campus of the Wessex Institute of Technology in the New Forest. The
Conference was launched to discuss not only the structural and environmental
material characterization aspects but also the trends regarding the development of
underground spaces. L

Underground spaces are becoming increasingly important for a wide E,_a.‘._,m_»w
of uses. They range from classical excavations to subway constructions,
underground sports halls, power stations, waste repositories, underground cities
and many others. The construction techniques are also very varied, from open air
excavation to newly developed injection methods. .

The use of underground spaces is challenging to a wide spectrum of engineers,
designers and builders. Structures constructed below the terrain require special
attention in their design and safety assessment. This means that the degree of
knowledge needs to be significantly different than for surface structures and hence
the importance of conferences like Underground Spaces to reach a _uﬂ.ﬁnn
understanding of the issues involved. This is particularly the case ﬂum: preparing
to build chemical, nuclear or toxic waste repositories, where serious environmental
issues can arise.

The papers presented at the Conference described a variety of _.Ew—na.m related
to underground spaces. The Editors are grateful to all Suﬁcﬁsj for their papers
and particularly to the members of the [nternational Scientific Advisory Commuittee
who helped to select the material published in this book.

The Editors
The New Forest, 2008
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Underground m-.u.nn development:
setting modern strategies

D. Kaliampakos & A. Benardos
National Technical University of Athens,
School of Mining & Metal lurgical Engineering, Greece

Abstract

Underground space development is an irreversible trend especially in E.Eb
environments. At this time the underground facilities have proved En.:.
usefulness in terms of efficiency and environmental friendliness. Nevertheless, in
order to fully exploit the subsurface, new strategies need to be adopted in the
whole context of city planning. This includes the introduction of new terms m—mnr
as the valuation of the underground space, the adoption of _Enmn:& planning
and zoning policies of the underground uses and the modernisation of the _nmw_
framework to incorporate the three-dimensional partition of the property. This
paper discusses these issues, the adoption of which can lead to the development
of a strategic underground plan, facilitating and further mobilising the hidden
potential of underground space utilisation.

Keywords: valuation of underground space, planning and zoning of the
subsurface, ownership righis of underground space.

1 Introduction

It has long been recognized that the utilization of the .Ennnm_d:ha space
represents a proficient choice to provide solutions to pressing urban problems.
Nevertheless, underground projects have been rather focused, until the early
1970s, on the development of transportation infrastructure [1]. Zonnﬁun*am”f the
construction of major transit projects such as metros and road tunnels is just a
prelude for the true nature of underground development. The latter encompasses
the relocation of several surface land uses or activities, in which _H._mﬁ__unou is
difficult, impractical, less profitable, or even environmentally undesirable on the
ground level, into subsurface built environments. In the last couple of decades

54%039«5 mh....leﬂh_.ni;?:on.ﬁmcs i.—.:vqﬂa
m www.witpress.com, ISSN 1743-3509 (on-line)
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Underground spaces and indoor comfort:
the case of “Sassi di Matera”

A. Guida', A. Pagliuca® & G. Rospi’

'Department of Architecture, Planning and Infrastructures for Transport,
School of Engineering, University of Basilicata, Italy !

’DAU, School of Engineering, Polytechnic University of Bari, Italy
*School of Engineering — Universita Politecnica delle Marche, Italy

Abstract

Underground architecture, like the “Sassi” in Matera, makes people imagine life
in the past and reconsider present life in these places “without time” and how to
“live” them, again like in the “past”. This scientific research focuses on the
quality of indoor living in this particular type of architecture.

Today indoor comfort is esscntial, because 85-90% of time is spent in closed
spaces (rooms, work environment, etc.). Closed air, can be for people, more
polluting and harmful than open air, as, inside we also have other harmful agents
(germs, gas, dust and so on) whose danger is often undervalued.

Today it is very important while projecting to consider first of all the quality
of indoor air and comfort.

The aim of this research is to analyse the thermal and hygrometer
performance of underground spaces and to show how traditional Mediterrancan
masonry offers, also today, a high level of indoor comfort.

We did this with tests “in situ” monitoring indoor comfort (as low requests
UNI EN ISO 7730 1997 and UNI EN ISO 7726 2002, by directive CEE
n° 106/89).

The experiment was verified through the experimental applications in the
restoration of two urban buildings in ancient “Sassi” in Matera, reconverted into
hotels, the “Locanda di S. Martino” and “Hotel S. Angelo”, that demonstrates as
said beforc and how these building are suitable with the performance
requirement that is required from residence environments (European Directive
2002/91/CE and Italian low D.lgs 192/05 — 311/06) even if they are built with
traditional technologies.

Keywords: comfort indoor, air quality, underground space.
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1 Introduction

The action follows not simply the existing environment, but it turns producing a
stratification of interventions based on management that are not always
harmonious in the space. This process of transformation is an irreversible step,
an action that is intended to permanently change the structure of a place
changing also significantly the shape.

The instrument of this anthropization process of space is the stone which,
with its unique technical characteristics and morphological-formal, becomes the
obvious sign of this process.

The use of stone in architecture, in fact, has produced numerous applications,
complex and highly heterogeneous between them from: the structurcs dug into
the rock to built-up structures; initially they conceived as a natural continuation
of the first, reaching then, their own formal autonomy and typological realizing
the basic cell constructive called “lamia™ or “lamione”. And this is the process
that has overseen the birth and development of the ancient districts “Sassi di
Matera”, in which the relationship between structures and built dug reaches its
highest expression and formalization morphological.

The research included in a broader study, still ongding is aimed to define the
methodological and operational aspects of the recovery of these districts; part-
type from morphological of this specific architectural context and aims to assess
the possibility of obtaining performance requirements meet the quality standards
today required by residence in building even in buildings with technical and
constructive traditional features. -

Through tests “in situ™ aimed at monitoring of comfort “indoors™ (as defined
by UNI EN ISO 7730 1997 and UNI EN ISO 7726 2002, the EEC Directive N.
106/89), the study aims to highlight methods in which these spaces can guarantee
good comfort conditions and considerable quality performance.

2 Indoor comfort

The term “indoor environment” is used to indicate all those confined
environment of life and work that includes housing, offices, premises for
recreational and/or social where people spend most of their life. Indeed, on
average, the population spends more than 70% of their time in these
environments undergoing, in fact, a prolonged contact with potential pollutant
sources contained therein.

So the assessment of indoor comfort becomes a prerequisite for global
comfort. This condition can be reached considering the air-quality comfort and
thermo-hygrometric comfort.

The air-quality comfort mainly concems the indoor concentrations of a
variety of substances chemical predominantly nature: among these the most
important ones are carbon dioxide, carbon monoxide, sulphur dioxide, radon,
formaldehyde and all those volatile organic compounds that have serious
consequences on the health of people.
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It follows that to reach air-quality comfort we must maintain the values of
concentration of these pollutants less than determinate minimum levels set by
rule. This is possible mainly through a constant replacement of air which is
dimensioned depending on the type of environments, their destinations use and
the average capacity of people.

The thermo-hygrometric comfort, instead, is a function of a number of
parameters: environmental (temperature, relative humidity, wind speed, solar
radiation and atmospheric pressure), linked to physical activities (energy
metabolic M), related to clothing worn (thermal clothing Icl) and the percentage
of metabolic encrgy used for carrying out the physical activitics (performance
mechanical — value). '

The current European regulations about thermo-hygrometrical performance
classify indoor environments in three diffcrent types: environments “moderate”
environments “severc hot” and environments “severe cold”, each of which must
comply with different levels of comfort. ;

The rescarch focuses on thermal environments “moderate”, namely those
where the indoor conditions remain almost equal without considerable heat
exchanges located between subject and environment that have significant effects
on the overall heat balance (i.e. homes, offices, businesses, ctc.).

They are characterized by thermal parameters variables within a limited range
(as determined by the standard ANSIL / ASHRAE 55-1992 - Thermal
environmental conditions for human occupancy and UNI EN ISO 7730/1997 -
Moderate thermal environments. Determination of PMV and PPD indices and
specifications of condition of thermal comfort). They are:

- Air temperature (Ta) between 10 and 35°C;

- Temperature radiant (Tr) between 10 and 40°C;
- Relative Humidity (Ur) of between 30 and 70%;
- Air speed (Va) of between 0 and 1.5 my/s.

In environments “moderates” must assess the deviation of actual conditions
than those comfort heat-humidity (temperature varies between 18-26°, relative
humidity ranging between 50-60% and speed of air less than 1 my/s).
The methodology used for assessing indoor comfort is out experimentally
measurements using in-situ monitoring parameters microclimatic interior and
surface temperaturcs.

3 The study case: underground spaces in “Sassi di Matera”

The site is a part of the architectural complex particularly significant, already a
heritage of UNESCO since 1993: the ancient “Rioni Sassi di Matera”, they arc at
an altitude of about 401m above sea level and are characterized by an
aggregation of cells clementarily-called ™ the neighbourhood” that open towards
the south-west.

The configuration of the complex morphology of the “Rioni Sassi” is that
they can fully exploit the micro-climatic conditions of the site, characterized by
hot and humid summers and mild winters.
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The hypogea houscs arc arranged to horseshoe around a central atrium, (the
“neighbourhood™), with exposure to the south; this exhibition allows a greater
depth for the central caves, because they receive more sun and can more prolong
inside the bench rock in which they are dug. The same homes are sloping
inwards and so allow sunlight to penetrate in winter to the end, to heat and make
healthy even the most hidden parts, while in summer, when the sun is highest,
the most internal remain cooler.

In the site it is monitored three different types of hypogeous (with similar size
and characteristics) of two hotel, the “Locanda di San Martino™ and the “Hotel S.
Angelo”, different but similar at the same time in the forms and architectural
peculiarities. They made it possible to comparc cnvironments with the same
technological characteristics. In particular were considered a hypogeum not
restored and a hypogeum restored, both in the “Locanda 8. Martino™ and a
hypogeum restored and arrangements for use in “Hotel St. Angelop”.

The monitoring was performed in the period from 10/04/2007 to 19/06/2007,
a period characterised by a strong thermal excursion daily.

The instrumentation used was an environmental monitoring station with
“multiacquisitore” LSI BABUC/A, equipped with 5 microclimatic probes:

- a probe globothermometric, for measuring the average temperature
radiant;

- a probe psicrometric, for mcasuring the temperature of dry, humid
temperature, temperature and dew on Relative Humidity:

- a probe anemometric portable hot— wire, for measuring the speed of the
air;

- two thermometric probes (PT100), for- the measurement of surface
temperature.

The measurements were carried out using fixed locations within the hypogea,
placing the unit at a height of about 1.70 meters above the ground (average
human height) and in the middle of the space.

In the hypogea restored and arrangements for use measurements were made
with air conditioning off and considering two different conditions of operation of
local: with plant recirculation of environment on and with plant recirculation of
environment off.

For each local monitored were detected 7 signals with a frequency acquisition
equal to 15 minutes, corresponding to the values of:

- Temperature dry-bulb air (Ta);

- Temperature wet-bulb to forced ventilation (Tw): from Ta Tw and the
unit automatically gives the dew point temperature (Te) and relative
humidity (Ur);

- Air speed (Va);

- Wet-bulb temperature and natural ventilation (Taw);

- Temperature globo-thermometer of Vernon (Tg), from which the unit
automatically derives the average temperaturc radiant (Tr);

- Surface temperature inside of the wall;

- Surface temperature of the external wall.
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3.1 The behavior energy of not restored underground space

For architectures hypogea not restored means all those architectures that are in
total state of disuse for many years.

And it is precisely the situation of total abandonment that often leads such
architectures (o situations of high relative humidity inside causing the formation
of lichens and bacteria on the walls.

Figure 1: Not restored underground space.

The main characteristic of this type of environment is having a constant trend
of microclimatic conditions during the indoor campaign measurements.
Explicated in detail the individual valucs monitored we can say that the
evolution of intemal temperature had very small fluctuations (13-15°C), the
average temperature radiant has remained constant during the measurement

period (16°C), as well as the Relative Humidity (95%); as regards the speed and
change of air, these values were next to zero.

Chart A refers to the entire period of monitoring.

Temperature |

Chart A - Temperature of not restored underground space

As you can see from the charts, the slightest deviation of the values of dry-
bulb temperature compared to the wet-bulb temperature and the dew-point
temperature is the main cause high relative humidity indoor, allowing thus to
lichens and bacteria to attacking the internal surfaces of the walls. In fact most of
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moisture present on masonry surfaces is caused to the continuous absorption of
high humidity in the air a contact with the walls and a tiny amount of the
migration of water present in rock.

Monitoring of these environments allows us to understand the nature of
moisture present on surfaces walls of these environments, and we can say that in
such environments humidity caused to rising capillary infiltration of water
through the walls is virtually absent.

3.2 The behavior energy of restored underground spaces

Let us now consider architectures hypogea restored, but has no system of
operation and use. This classification includes all those architectures already
recovered from the aspect static-functional and wholesomeness of the premises.
The values monitored, as described above, refer to a hypogea architecture that is
part of a complex used as accommodation. '
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Figure 2: Restored underground space.

Again, the main characteristic of this type of architecture was to have
microclimatic conditions indoor constant, even if with different values than the
type not restored.

In fact the values of measured of the internal temperature air had increased by
an average of 2°C compared to the type not redeveloped, stable at around 15°C, on
the contrary the values of average temperature radiant remained identical (16°C).

The Relative Humidity, however, had a sudden drop of 20%, by reference to
values more acceptable (about 65%), but still high respect on the standards.
With regard to the speed and parts of air, again measured values are close to
zero. The Chart B refers to the entire period of monitoring.
temperature, wet-bulb temperature and dew-point temperature, in the hypogeoum
not restored is almost nothing. Indeed, this difference has contributed to lowering
relative humidity environment. i

This analysis has highlighted the importance of indoor microclimate control
as a prerequisite to design a proper (and effective!) intervention rchabilitation
thermo-hygrotermic of the “Sassi of Matera”.
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Chart B - Temperature of restored underground spac{e.

Controlling indoor microclimate it will get comfort levels close to the
minimum required by regulations of reference (indoor temperature of 18-20°C
and relative humidity 50%). -

3.3 The behavior energy of a rate of operation and use underground spaces

It is here described the behaviour thermo-hygrometric of a hypogea restored and
operating system for many ycars. .

In this configuration it was possible to make measurements with the planting
of recycling and treatment of the environment on (UTA - air handling unit),
which change air without conditioning. In this way the air blown into the air
pushes vitiated air outwards in a natural way through the “light above” (small
window above the front door), given appropriate open.
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Figure 3: Rate of operation and use underground spaces.

The measurements made in this configuration made it possible to check the
impact of the loop on the parameters of indoor comfort. It was also possible to
verify the behaviour of environments hypogea in two different configurations:
with recycling and fan system on and with recycling and fan system shut down.
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The most important content found is that in those environments setting the
UTA so as to change 5 volumes/day has obtained an drop relative humidity who
rose from values around 65% valued at around 50% (value of comfort). Even in
this configuration the temperature has had a constant evolution, but with slightly
higher values (around 18°C).

The Chart C refers to the entire period of monitoring. So from these charts
shows that in order to obtain adequate conditions of comfort thermo-hygrometric
in the environments hypogea of “Sassi di Matera” we must anticipate, already in
the process of recovery, a adequate recycling and fan system of the environment
more that an air conditioning system.
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Chart C - Temperature of a rate of operation and use underground spaces.

Indeed assessing the UTA fairly compared to the size of the environment can
to ensure acceptable levels of comfort, respectful of reference values established
by legislation.

4 Analysis of the results

In conclusion, analyzing results obtained (Chart D) from measurements, we can
make a critical and comparative summary between them, which may be briefly
highlighted:

o Constant trend of internal temperature throughout the measurement
period (13-15°C) for the hypogeum local not restored, 15°C the local
hypogeum restored and 17°C for the local hypogeum restored and a rate
of use: these values have been obtained against of the high thermal
fluctuations daily with values exceeding 20°C (5°C night and daytime
28°C).

o The average temperature radiant of the walls has remained constant in
the two configurations not restored and restored with value of (16°C),
while the configuring restored and a rate of use had a slight increase
reaching values of 18°C constant.

o The relative humidity has undergone large variation in the various
configurations of local monitored. In fact, is has gone from high values,
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approximately 95% for local hypogeum not restored, values of 65% for
local restored and values of 50% for hypogeum restored and a rate of
operation and use.

The last data even if it falls in the values established by rule, it is the upper
limit of the range of tolerance for local with a similar use. This incident,
however, is easily solved by sefting a mechanical indoor air change of the
domestic environments; in fact considering a replacement average volumes 5

volume/day the relative humidity inside drops to values around 50%, acceptable
to the use of environment.
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Chart D — Comparative chart.

5 Conclusions

The results of this cvaluations shows that the parameters that govern the comfort
“indoor” seem to assume, in the casc of “Sassi di Matera”, valucs respectful of
recent regulations, although they should necessarily be repeated and cxtended in
order to validate and to confirm the obtained data.

The research, therefore, shows how these architectures, realized with
traditional techniques and materials, are an example of ‘“sustainable
construction”, as can maximize the contributions in the solar cold season and
minimise the hot season, taking advantage of the mass of the ground fly as
thermal and encouraging natural ventilation of the cnvironment. The “Sassi di
Matera”, therefore, seems to be almost a model of “bioarchitecture” in which
natural stone, used “with wisdom”, plays the key role of regulation. The study, in
a further step, must systematize the data collected and deepen the study of “Sassi
model” in order to reach the definition of methodological approaches and
operational solutions to recovery the internal quality performance in similar
conlexits.

WIT Transactions on the Built Environment, Vol 102, @ 2008 WIT Press
www.witpress.com, [SSN 1743-3509 (on-line)



158

Underground Spaces |

References

[1]

15]

[6]

(8]

(9]

[10]

S,

Cotecchia V. Studio geologico-tecnico ¢ stato di conservazione, in
“Concorso Internazionale per la sistemazione dei Sassi di Matera”, Matera,
Italy, 1974,

Cannarile. M., tesi di diploma, “Il risanamento da umidita dei Sassi di
Matera: diagnosi e ipotesi di intervento su un ipogeo”, Matera, Italy, 1995.
Giuffr¢ A., Carocci C., Codice di pratica per la sicurezza ¢ la conscrvazionc
dei Sassi di Matera, La Bautta, Matera, Italy, 1997.

Buchicchio C., tesi di laurea, “Problemi tecnologici e di risanamento
igienico nel recupero dei Sassi di Matera: un caso di studio”, Matera, Italy,
1997.

Guida A., Mecca I, “Sustainability of the internal environmental
treatments: the case of Sassi of Matera (Italy)” in “The First International
Conference on: Architectural Conservation between Theory and Practice”,
Scientific Book e CD pp 189-196, Dubai — United Arab Emirates, 2004.
Guida A., Mccca 1. “Innovazione nelle tecniche ¢ nei processi costruttivi
tradizionali per la riconversione turistica e residenziale dei Sassi di
Matera”, in “Architectural Ileritage and Sustainable Development of Small
and Medium Cities in South Mediterranean Regions”, Collana Architettura,
Ed. ETS Firenze, pp.443-458, ISBN 88-467-1199-8, 2005.

A. Pagliuca, A. Guida, F. Fatiguso, “Stone building envelopes performance
qualities: the “Sassi di Matera” (Italy)” - in proceedings of the ART2008 -
Oth International Art Conference — “Non-destructive investigations and
microanalysis for thc diagnostics and conservation of cultural and
environmental heritage”, Jerusalem, Israel, 2008.

N. Cardinale, A. Guida, F. Ruggiero, “Thermo-Hygrometric Evaluations in
the Recovery of Rocky Buildings of the “Sassi of Matera” (Italy)” — Journal
of THERMAL ENV. & BLDG. SCL, vol. 24-04-2001.

N. Cardinale, F. Ruggiero, “ A case study on the environmental measures
techniques for the conservation in the vernacular settlements in Southern
Ttaly” — BUILDIND AND ENVIRONMENT, 2002.

G. Rospi, “ Recupero architcttonico e progettazione energetica delle
architetture tradizionali mediterranee” — CODAT Meeting — Ancona, 2007.

WIT Transactions on the Built Environment, Vol 102, © 2008 WIT Press
www.witpress.com, ISSN 1743-3509 (on-line)




UNDERGROUND SPACES

Design, Engineering and Environmental Aspects
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Underground spaces are becoming increasingly important for a wide diversity of uses. They
range from classical excavations to subway constructions, underground sports halls, power
stations, waste repositories, underground cities and many others. The construction techniques
are also very varied, from open air excavation to newly developed injection methods.

The use of underground spaces is challenging to a wide spectrum of engineers, designers,
builders and constructors. Structures constructed below the terrain require special attention
in their design and safety assessment. This means that the knowledge needs to be significantly
higher than for surface structures and hence the importance of conferences like Underground
Spaces to reach a better understanding of the issues involved. This is particularly the case
when preparing to build chemical, nuclear or toxic waste repositories, where serious
environmental issues can arise.

This book contains some of the papers presented at the International Conference on
Underground Spaces — Design, Engineering and Environmental Aspects. held on the Campus
of the Wessex Institute of Technology in the New Forest. The Conference was launched to
discuss not only the structural and environmental material characterization aspects but also

the trends regarding the development of underground spaces.
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