3 |n order fo prevent mistaken understanding by numerous re-
presentatives of the expert public, here | specially emphasi-
se that comprehensive protection of settlement and building
heritage in planning or development, doesn’t imply the arc-
haic interpretation of particular development or architectural
design. Neither does it imply the protection of built structu-
res co-creating identity in an unchangeable archaic form.
The latier of course doesn’t imply especially valuable urban
and architectural heritage, that have after expert evaluation
been granted the special status of cultural heritage, and are
maintained and restored under specific conditions (Law on
the protection of cultural heritage, Official bulletin, No. 7,
dated 5. 2. 1999).

Pictures

Picture 1: According io directives concerning protection, ar-
eas of »dispersed seitlement« have no qualities. They oc-
cupy too much open spaces, traffic and communal infra-
structure is irrational and expensive and often poorly execu-
ted, thus directly destroying natural resources. Because of
their poorly thought out setting, layout or unprofessional use
of material and poor consitruction, particular homes offering
a high living standard are spatially irrational and wasteful
(two photos).

Picture 2: »the logic of traditional construction, stemming
from specific local conditions is in its primeval form a conse-
qguence of thorough reflection and is thus rational even to-
day. On the contrary, almost all of new development is uni-
maginative and irrational in all iis aspecis, i.e. spatial dispo-
sition, plot organisation, organisation of modern homesieads
and selection of material. We can easily establish that nu-
merous new development isn’t technologicaily advanced«
(KoZelj, J., Round table discussion: Why is authentic archi-
tecture in the Kras region disappearing, Kras magazine,
April-May 1999, No. 32—33) (iwo pholos).

Picture 3: At present more than half the Slovenian popula-
tion (50,5 %) live in urban areas. Urban areas are the most
polluted regional ecosystems and the pollution of air and wa-
ter is worst. Other manifestations of urban pollution are also
the poliution of soil, noise ete. (Pirc Velkavrh Anita, The en-
vironment in Slovenia in 1996, Ljubljana 1999, pp. 30).

Picture 4: »Professional and public estimates point out
changes and growth of urban settlements are achieved at
the cost of traditional urban and landscape identities«
(from Pogacnik, A., Urban image is also imporiant; Cities
and urbanisation, No. 3/1999; Ljubljana 1999). From the
description of conditions we can establish, that the present
structure and image of setilements are created by proces-
ses following sub-urbanisation, increase of services and
use of motor vehicles, as well as spontaneous market
mechanisms,

Picture 5: According to analyses of architectural composi-.

tion and applied research on particular typical architecture
in Slovenian regions, we can conclude that all of them are
harmonious (based on simultaneous symmetrical relations
— relations of rhythm, size and proportions) and sensible
(layouts adapted to work and space and their translation io
the facade). All buildings whatever the material used (sto-
ne, timber or brick), disposition (on a plain or slope), size
(three-, four- or multi-cellular, single- or mufti-sicreyed),
richness of style etc., are all built according to general
measures of architectural design. They are a consequence
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of anthropometric ratios of the human body similar to the
system of harmonious relations, developed by Le Corbu- .
sier, and relate to the basic dimensions of the human body.

Picture 6: Because of all its advaniages, prefabricated con-
struction should be developed into the part of the construe-
tion industry, that would be promoted as the qualitative
example for development of new urban areas and other
smaller settlements.

This is a task for architects, employed by developers (bad
architecture, that results in poorly organised and unplanned
new urban areas is in most cases a result of »self-help«,
usually ignoring the provisions in a building permit). Planners
(designers) of prefabricated homes put on the market,
should be the first in respecting and fulfilling new guidelines
of the sustainable development philosophy, even in the edu-
cation of users. Their sales methods do have immense inf-
luence! Unfortunately many experts have discovered that
prefabricated construction in the prevailing architectural ima-
ge is and remains the development that only aggravates the
chaotic image of our seitlements!

Picture 7: Proof and stimuli that the noted guidelines can be
implemented, are seen on the prefabricated building desig-
ned by architect Marjan Susa, according to principles and di-
rectives of »sustainable« development, built by the Slovenian
producer of prefabricated homes Kager from Ptuj.

For literature and sources furn to page 43.
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Tomaz NOVLJAN
Underground spaces/
cybernetic spaces

Cybernetic space: mutual hallucination, experienced daily by
billions of computer operators of all nations, children lear-
ning new mathematical expressions ... Graphic presentation
of abstract data bases from each and every computer of hu-
manity. Unbelievable complexity. Light streams, spreading
through the non-space of intellect, swarms and managed
clusters of dala. The disiant lights of a metropolis ...

William Gibsen, Neuromancher, 1984

1. Introduction

In known history of human settlement and even nowadays,
the term underground contains the attributes mystery, sanc-
tity, darkness, social unacceptability, generally it is an envi-
ronment unsuitable for life. Compared to the World above it
can be understood with the basic duality. It resembles the re-
lationship from Plato’s understanding of raticnal versus irra-
tional or the ancient Chinese philosophy of | Ching — Yin and
Yang, where the earth embodies the feminine principle Yin,
compared to the celestial male principle Yang (Walter, 1994).
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In general everything that represents depth, darkness, enclo-
sure, also carries the tone of mystery, eternity and potential
danger, at least while based on mere results of visual per-
ception and ignoring knowledge about a subject as a conglo-
merate of mutually and logically connected, understandable
and presented information. On the other hand (Chinese phi-
losophy), the celestial dome (during daylight) represents all
knowledge. Of course, only until we penetrate the blue sky
and encounter the black mysterious depth of space, whose
phenomenon were visually noted and used as the basis for
measuring time, and in certain cases even in ancient times,
to design and orient buildings. In short, the mentioned »ratio-
nal« part appears only as a paragraph between the »irratio-
nal« subterranean (submerged) underneath and still cosmic
above. Technology, complemented by all industrial revolutions
since the 18t century and continuous evolution, had at first
enabled humanity to transgress deeper, beyond the limits of
knowledge, i.e. underground and underwater. Lately the quest
continues even beyond the upper limits, to the end of space,
followed by recognition, that the field of ignorance extends
even further, despite all measurements based on known mat-
hematical and physical principles.

1.1 What space can be understood as subterranean?

The context of underground spaces doesn’t imply its under-
‘standing only as a space where the surface layer of soil

ceincides with its roof construction (body). They are also un-

derground spaces, just below the surface, with direct access
to the surface, as can be proved by historical and present
examples (China, 2000 BC till today).

Subterranean space can be generally defined as space that

complies with one of the menticned conditions:

— it has no visual contact with the surface;

— it has no direct functional connection with the surface,

— its dimensions enable basic life supporting functions,

— life-supporting conditions are ensured by/even primitive)
technology.

Historically the genesis of underground places includes spi-
ritual, military and other possibilities (necropolis, catacombs,
fortresses etc.). They have predominantly static functional la-
youts, communication needs and emphasised linear spatial
components (emergency exits), warehousing, water reten-
tion (reservoirs), supply or drainage (potable water and se-
wers) with connected maintenance spaces, needs for exploi-
ting natural resources (mines) and protection in calamities
(war etc.). In modern times, especially in the vacated above
mentioned places, they appear with new functions, such as
museums, sporis facilities, cultural objects, warehouses for
dangerous waste matter, while transportation spaces are
tied to other service activities.

2. The physical/cybernetic character of
subterranean city places

In (contemporary) urban ensembles unhindered functioning
on the »surface« is increasingly dependent on unhindered
functioning in their underground space. Most infrastructures
have been removed directly or deeper below the street level,
thus avoiding the use of precious (and expensive) surfaces.
The influence of atmospheric conditions on their unhindered
operation is thus diminished significantly.
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Underground urban spaces can be divided into two groups:

1. Physical spaces, completely three-dimensional and
measurable, where the user is present most of the time
and uses them directly. They are:

— places directly or indirectly connecied to the public
transportation system of underground railroads: pas-
senger plaiforms, passages, crossroads etc., tied to
(possible) other programmes and service activities;

— parking garages, where efficient use of space and se-
curity measures are most important;

— tunnels, where the goal is efficient and unhindered pas-
sage of vehicles with security measures in calamities;

— culture, sports and spiritual facilities, often used to revi-
talise spaces whose former function was different (wa-
rehouses, sheliers...).

2. Cyberspaces?, where physical and non-physical trans-

port (communication) occurs are:

- —supply. of life-supporting goods (water, energy) and
transfer of data in digital form (telephone, data net-
works — internet, television);

— spaces, needed for the maintenance of all the above
mentioned uses, but are not in permanent use.

3. Underground space/ the technical
security aspect

Underground spaces can be understood as spaces in a po-
tentially aggressive environment, thus technical standards in
planning, construction and use are much more rigid or strict.
The most important difference between usual spaces and
spaces in an aggressive environment is, that functioning of
the latter is conditioned by high technology and products
that facilitate adequate ventilation, lighting, heating, cooling,
transport and preventive measures. They ensure the safety
of users and equipment against potential dangers and their
direct or indirect consequences:

¢ Fire is the most dangerous possible accident in under-
ground spaces, because of the numerous factors that can
cause it (faulty electrical wiring, poor maintenance of
equipment, careless users, traffic accidents etc.), rapid
spreading (higher air circulation because of ventilation), in-
direct effects of poor visibility (disorientation and panic of
those affected) and ioxic contents of smoke (possible cau-
se of poisoning or suffocation).2 :

¢ Flooding as an acute possible calamity is predictable and
has to be dealt with in the planning phase, as well as du-
ring construction itself. During the use of such under-
ground spaces, preventive actions and constant drainage
can alleviate or eliminate possible dangers.

e Appearance and explosion of methane is dangerous
mainly during construction and simultaneously poor venti-
lation. :

¢ Traffic accidents as a consequence of collision or derail-
ment (mainly in tunnels) are relatively rare, possible dan-
gerous zones or areas (crossroads, junctions eic.) are di-
minished to the highest possible level, road traffic signali-
sation is emphasised while management and control of
rail traffic is almost completely automated.



Among the other potential dangers that endanger under-
ground spaces in public use are: effects of earthquakes,
flooding by surface water through the entrances/exits, terro-
rist activity, collapse caused by mistakes in the planning,
construction phase efc.

Building of new underground spaces and rehabilitation of
existing ones follows two main reasons:

* New development occurs as an. answer to demands for
faster/cheaper infrastructure connections within and bet-
ween urban areas and simultaneous demands for diminis-
hing ecological impacts on the environment. These are
tunnels of all kinds, with finear, dynamic flow patterns. The
other kind are spatially static built structures intended for
warehousing goods and/or waste matter or temporary
sheltering of people during calamities.

¢ Rehabilitation of underground spaces is emerging as a
consequence of local and/or global events on the »surfa-
ce«. Derelict shelters are changing into spaces for com-
mercial and public civil use. In Europe Scandinavian coun-
tries are in the forefront, because of beneficial geological
condition. Numerous underground cultural and sports faci-
lities are being built, as well as all significant kinds of spa-
tial surface alleviation, above all for parking in city centres.
Spaces which were until recently used for water supply
and sewage (Paris) or mining for coal or metal ore (Idrija,
Velenje), are changing into museums of their history or
profession.

3.1 Perception of underground space

Human perception of underground places is tied to percep-
tion of limited space — outer internal space (directly beyond
the outer wall), reaching into the visually closed hard lithosp-
here, from which the virtual infinity and ephemeral biosphe-
re don't extend. In the context of designing underground
spaces, this fact should be observed. The scope and inten-
sity of manipulating perception are technologically almost
unlimited. Similarly the »projected« time spent by individuals
in such a place is limited to the inevitable time of passa-
ge/voyage from point A to point B, maybe with a short time
shift to satisfy ones physiological »inpui/output« or consu-

- mer needs. The basic question is, how to diminish subcons-
ciously conditioned feelings of enclosure in a physically limi-
ted underground space, without the use of banal visual ele-
ments (directly transferred images of the ouiside) and estab-
lish an indirect link with attributes from the surface.

3.2 Structure, texture and colour

Structure, texture and colour are among the basic percep-
tual properties of any physical space. Structure of elements
(construction or inner system, organisation) can be exter-
nally directly or indirectly perceived or hidden under a pro-
tective mantle of its coat. The latter is, artistically speaking,
similar or different from the structure. Ofien the structure and
texture differ at first glance. If however, in perception of a na-
turally or artificially created object, due respect is given to
the dynamic factor, closeness or distance, then one could
state, that texture and structure mutually exchange. For
example a city seen from a height of a hundred kilometres
is perceived only as a surface pattern, a texture different
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from its surroundings. Gradual approach reveals the structu-
re, based on a more or less orthogonal network of »stron-
gest« linear elements or transport corridors, dividing the city
into surfaces with different textures. Further approach re-
veals siructures of more delicate communication and sepa-
rate groups of volumes in the surface. Then, particular ele-
ments of roofing, whose surface at first appears as a texture
and later, with increased magnification, as a crystalline
structure, whereby each crystal has a typical texture ... all
the way to the molecular or atomic structure.

Similarly as for structures, thus also for texiures, under
conditions of natural or artificial lighting, the presence of a

- coloured impression is a co-creator of any space. . Under

conditions of natural lighting colour depends on the pro-
perties of the viewed object reflecting a certain interval of -
the visual part of electromagnetic radiation — spectre2. If
there is no natural light, as is the case in underground
spaces, co-operation between artificial light and colour
pigments can manipulate perception of a spatial quality
with additive or subtractive processes, and if necessary
correct those perceived by the human brain as negative.
There arises a need to establish a pleasant colour envi-
ronment by applying the properties of so called functional
colours (Trstenjak, 1978) and combining static and dyna-
mic colour impressions.

4. The fractal principle

The principle is known from mathematical literature and in
the 70s named fractal by scientists. Objects that enable con-
stant perception of new information, theoretically to infinity,
whatever the distance they are viewed from. F. K. Musgrove
explained the concept of fractal (as): »... geometrically com-
plex objects, whose complexity through repetition of similar
forms and different levels constantly increases« (Musgrove,
1994). Mathematicians discovered basic fractal geometrical
forms in the 19th and early 20t century, but because of the
complexity of mathematical operations, that only modern
computer can cope with, they couldn’t attempt the depths of
unlimited iteration. Nevertheless, H. Von Koch, G. Julia, W.
Sierpinski and others, established the mathematical founda-
tion for contemporary understanding of natural and created
artificial systems, either as clear artistic impressions or to
analyse changes on the stock exchange and simulate natu-
ral phenomena in virtual spaces.

Fractals are an efficient mode of expression to describe
forms and phenomena in nature. Of course they are not the
absolute tool for describing all matter existing in nature,
neither are they the only tool for creating artificial realistic
images of nature Simultaneously they are more and less,
than what people want them to be. Fractal geometry is
above all mathematics that doesn’t demand knowledge
about complicated equations, but only »infinite« iteration of
simple equations.

4.1 Applying fractals

Quality of living environments, even underground urban
places, manifests itself either as simple access (for func-
tionally disabled people), sheltering in calamities, unhinde-
red flow, high quality surfaces and pleasant climatic condi-
tions. Besides the physical quality, the psychological com-
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ponent of comfort — establishing a pleasant environment4
is also important. For this reason certain measures are
proposed, i.e. to transfer particular elements saved in the
human subconscious, such as structures, textures and co-
lours, taken from the natural (or built-up) environment of
the space above ground. These should be transformed by
principles of fractal theory and transformed into stimulating
patterns in the artificially created space, devoid of natural
lighting®. For example, colour as a psychological corrective
factor of an otherwise unpleasant place; texture as a per-
ceptive instrument of surface correction and structure as a
generator of artistic elements transformed from natural
shapes, rhythms and composition. Coincidental rhythms of
a vertically emphasised forest structure/texture, coinciden-
tal complexities of rock formation or the arcs formed by di-
stant tree crowns, can be transformed by mathematical
analysis into fractal numbers. These can then be imple-
mented as keystones for artistic correction of artificially

created underground places. The mentioned procedure

could be termed as the algorithm of geometrical transfor-
mation of natural forms and their adaptation into the built
environment, generating artistic expression in a relatively
direct fashion. ;

In this case the tool is a fractal number, obtained by loga-
rithms and by proceeding Van der Laans’ modular scale (Bo-
vill, 1998), representing the users interface for translation.
Besides the mentioned method, a method of creating artistic
expression exists that is based on principles of fractal ob-
jects, whatever the distance of the viewer from the building,
thus enabling any level of magnification and providing a new,
comprehensive artistic impression, information and legibility
of details at different scales.

Thus the basic relations for perceiving the quality of form or
composition are:

— long distance: perception of details in the large scale

— medium distance: perception of details in the medium scale
— short distance: details of the small scale become legible

Here respect has been given to the visual perception of
structure, texture and colour/coloured light — quantities with
a physical »static« prefix®, but also dynamic (actually mo-
ving) composition elements and sound recordings.

5. Conclusion

Physical underground places of the modern city are/will be
hi-tech environments satisfying all technological and safety
standards. Environments intended for physical and non-
physical communication: transport of people and transfer
of information in different modes. Places containing real
and virtual elements will not be mere static spatial featu-
res, but will be capable of interactive mutual communica-

tion and communication with users — as a group or indivi- .

duals. Spaces of underground connections and evenis
are/will be given the character of cyberspaces, defined as
virtual spaces, synergy of computer memory and computer
networks, tele-communication networks and digital media.
The earliest cybernetic space can be dated to 1830 when
the telegraph was invented, enabling transport of data in
the form of Morse code. The telegraph network soon beca-
me an international and in 1870 an intercontinental proto-
cyber space. |t was followed by the discovery of radio wa-
ves and the television signal, leading to the computer and
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computer links, at first relying on the telephone network
and later becoming an high technology autonomous sys-
tem for exchanging and processing data. One could state,
that the cybernetic space has become an appendage of
the human nervous system, similarly as underground spa-
ces have become an appendage of the surface (not only
communication) system.

Assist. dr. Tomaz Novljan, architect, Faculty of architecture, Uni-
versity of Ljubljana
E-mail: tomaz.novljan@arh.uni-lj.si

Notes

1 The expression »cyberspace« is a neologism by cyberpunk
writer William Gibson, described as a mutually connected
mass of data bases, tele-communication ties and computer
networks, that on the perceptual level establish a new space
for human interaction and activity.

2 The expert report on the reasons and consequences of the
fire in the Mont Blanc road tunnel from March 1999 states,
that most human casualties were caused directly by suffoca-
tion and indirectly by panic. The report is taken from the con-
ference proceedings from the 5t international conference on
building tunnels and underground spaces, Ljubljana, 20.—22.
September 2000.

3 With natural lighting one has to consider deflections caused
by atmospheric conditions and the effect of possible neigh-
bouring surfaces that don't reflect the same spectral interval.

4 Milié¢ — a higher level of place, the real and spiritual World with
particular characteristics surrounding humans.

5 Here one could establish a line up of environments according
to the level of impact they »affect« on the user: 1. natural en-
vironment, 2. built-up environment on the surface, 3. under-
ground built-up environment.
The property of mutual effects of two equal, not entirely com-
plementary clean colour tones is known from the teachings of
colour theory, whereby they simultaneously try to »push«
each other to their complementary colours and often while do-
ing so, change their actual colour value. The colour tones
transform from a stabile relationship into an unstable dynamic
vibration.
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Pictures

Picture 1: Setilement of underground homes near Tungk-
wan, Honnan province, China.

Picture 2: Three-dimensional computer simulation of under-
ground excavation, supported with hydro-geological data
enables the use of real circumstances for planning and con-
struction.

Picture 3: Model of an underground warehouse for low-and
medium radioactive waste from the Loviisa nuclear power
plant in Finland, built in 1996.

Picture 4: Vacated shelter near Helsinki, rehabilitated into a
sporis-recreation space.

Picture 5: Virtual landscape created with fractal distribution
of poinis on a plain. :
Picture 6: Transformation of natural rhythm with fractal num-
bers.

For literature and sources, turn o page 50.





