Underground space, the hidden face
of any territory
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RESUMEN ABSTRACT
I Underground space Jooks to be underrated in most countries. though
it makes up a real wealth, woeth of being thecoughly corsidersd by
awners and developers at any scale. from the private owner to the
aity. and the state. It provides three functicns 1) suppect of the sur-
face. 12) mineral rescurces, i) extra volumes for many services and
activities. Such extra space 1 avallable everywhere below the surface,
Many examples are glven. examples of use a5 well a5 of geclogical and
legal corstraints. Even mare than soll use and occupancy. subsurface

use must be thorcughly planned, as it 1s never possible to turn back
to the Inital seatus,

W
wm
o,




1 Congrszo Inkemacional de Ingerienia il Tarribonio y Madio ambknle

1. INTRODUCTION

[n moest countrles. the mules on Ciee planning {urbanism) and Territory manage-
ment do net take encugh account of the undergronnd space, Nevertheless it makes up
a real wealth, worth of being theroughly considered by cwners and developers at any
scale, fram the private owner 1o the cloy, and the state. Besides 1) the suppont of the
surface. including watercourses aned are structures above, the subsurface mav fulfl vve
mere saluatle functicns 1} provide mineral resources, from water o oll. from balding
stone to gold 1) previde extm volumes for many services and actrides, Whers spacs
abowe ground becomes scarce andd expensiee, exira space &5 avallable below, with nar
tiral propertles well recegnised. ameng them presecvation and stomge of any goeds

Supply of underground space Is given by Nature (shape of the surface, nature and
structure of geolegical materials wnside. groundwarsr) and s use &= limiced by laws and
admanistratiee rules (13, beginning with the depth lunic of prrate pn::\p-erlj-.lfhe shape
arel dimensions of public and private land lots prevent a radonal use of the volume be-
Lerw (Mlgure 1),

Just as for surfaze supply, underground space supply Is limiesd by all previous uses.
[rside cities. the proliferaticn of smbedded utllivies & dencunced but net vet counts-
racted. Outside citles. the bad results of some mining and quarrying operations have
called for new rules, not vet fully enforesd.

Even more than soil occupancy, subsurface use must be planned. as Ie & never B
kel to turn back te lis inital status (proposals for a new law by the French Senats
have not vet been approved by the government).

2. PRELIMIMARIES : SUPPLY AND DEMAND OF UNDERGROUND SPACE
2.1.  The three functions of the underground, explicit or Implicit

The main functien of the materlal under the surface Is o support the surface and
all 1 may have to bear, Including watercourses and man constructions. The sclences
ard technologles of foundatiens. soll and reck mechanics (23, scil Improvement. ete.
fout of this paper) help arewer this question. In asdditlen. ary previcus underground
work may restrict later uses of the surfacel The French natlonal rallway company
SNCF. happensd 1o sue the tenant of 2 quarry who had seockplled rock aggregate abo-
we a shallow tunnel (near Modane, Saveiel when the cld cunnel masanre had suffered
some minor damage; the respective rele of the extra load outside and the mascnry
ageing insids was noe clear At the e the wnnel had been bored. abour 120 years
before. no formal expropriation had tken place. ard since this dme, the quarryman
did ot know are constraine mighe limit his prepeny dghes. For lack of a formal pa-
per on propemty transfer, be was noe suppessd to refmin from stockplling matertal.

On the contrary, the mpid regicnal meto stadon Les Halles, ballt in the 15-sixies
at the kower level of a huge open air excavatlon. prosided columne strong enough o
support whatever could be built later as well belew dhan aver the surcface (ust now.
projects are called 1o replace the first «Forum des Halless supposed 1o be obsclee).

Locating publy: works, be sewers or metros or others, under public propery el
minaees the need of expropriation, a troublesome procedure when private owners are
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many and hard to number and locate. Corversely. the scheme of publ property would
severely limit the width of underground stations and impase short dius tums at stre
et intersectons (Nigure 1), Mast of ancient metro lines in Pars kept below public pre-
perty, the sharp bends Iimiting the train speed. Pecent lines (Meteor, line 14) encro-
ach below private propernty for their bends and stateons.

Figure 1. Basic peopenty scheme inside a city: the public space (red) is made of narrow lanes
irtersecting al sharp angks betwesn isclated private estaes ().

Abaut the second function. let’s first consider surface quarties (table 1) in additien
to any drawbacks from the works, such a8 nowe, dust and heavy trafhe arcund. they
leave unaesthetc scars on hillsides and irregular heles in plains. sometimes with uns-
table borders. Chwners are requested, since some decades only, to rehabilitate the plar
ces they leave! remove bullt remains, restore stability and vegetation and, where possi-
Ee. find a sustainable use for the hole. In South Africa, when sdlides along the slopes
of the Kurberley diamond open pit (known as the B Hole) were a merace foe bull-
dings around, a dramage gallery helped contrel the water table and flow. [n France the
coal open pit near Carmaux (Tam) has been turned 1o a recreation park. Tited with a
bottom lake with free beaches and a skihift to serve ki and bike runs. Nowhere vet
such holes have been used as wans to disenclave and serve underground space arcund
hke on flgure 2).

Figure 2. How 1o access the underground space acund an open it thecugh horkzoatal adits.
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Moet of underground networks cnly host one function ralway below grade, road
detcur below 3 hll. sewer, water or gas duct electric ar phone wire, stc. On the con-
trary when Pars prefect Haussmann bullt the sewer neeweek, he designed tubes large
enough to allow for man cleaning, so thev can host all public utilities (which were few
at the time). For most of them, they have left since, to be independent of the tube ow-
ner). A research project has just been completed by a study group (called «Clé de Scl)
in ceder to promote technical galleries (utlidoes) under the streets, o which all kinds
of networks might be located with some room for later extensicas (3).

In the same way. ary underground work may be shared by scene more users: trans-
portation twnnels may host many utlity nerworks. and even car parks could serve bet-
ter their nelghbours. full integration of works. transpectation tunnels. car parkes.

Underground storage was first emphased at two Stockholm symposta, 1977 (4)
and 1960, beginning with ol storage. Subsurface storage of sxploeives close to under-
ground worksites 5 a classical practce. Underground lecation of dangerous actwities
could also prevent the catastrophic corsequences of explosions such as the coe in Tou-
louse on 3 Seprewber 2001 (ammonium nitrate at AZF chemical plane). Only a few
nuclear poawer statlons have been bullt underground in the 19sbales. rather small coes,
in spite of mary studies for bigger ones (and a recent project in Belgium (7)), Long
kefore the Tehemebyl and Three Mile ldand accidents. the first core melt happened in
the Lucens cavern plant, in Switzerland, without any dimage cutside.

Just as NORAD' surveys the Adanty: air space from two deep underground centres
(Celomdo Speings, Co and Nonth Bay. Ontario), the French Air Defence 1s hested in
underground centres, Taverny, clese to Paris, Mont d'Or, close to Lycns (the latter ha
ving reused gyprum quarries). The Provence missile siles site has been clossd and
partly turned Into a university laboratory: thanks to s 500 m depth. 1t provides low
malse rcams; one of them a steel lined cylinder B m [D. 28 m long 15 the world best

chamber for accurate magnetsm measuremesnts.

Figare 4. Map of an underground civil defence bunker designed for GO0 pecple (8.

! Neeth Arlares: Radar Air Delence.

(3]
(1]
(=]




1 Congrsso Inkenacional de Ingsriena Civil, Tarriono y Medio ambknle

At the latest Woeld Tuninel Cangress in Singapore, bst May, the design of an un-
derground bunker has been presented (Pigure 4). The civil defence project was inten-
ded to protect approx. 600 people. with all necessary bousing facilitles, together im-
plementing flexibdity and sconomy and allowing discussions and comparsons with
feasible altematives In regard to construction time and cost. The concept was designed
in the shaps of a whes] with 8 spokes In order to offer an cptimum of safety for the
people affected. Arn military fac0ites could be arranged in addition. The structure con-
sits of 4 circular shafts connected at the one end with a circular tunnel. The living
quarters are Installed tn 8 adjacent tunnels of approx. 30 meters length, radial arcan-
ged at 45 degrees angles.

2.2 Topology: tubes, flar volumes, boxes, assemblies and networks

Single underground openings may be describad n three groups along the number
of dimersions:

® D ve. lnear volumes (cylinders oc wbes. hke tunnels and shafts. whatever the
gradient), like the underground car park of Landsberg, Cermany (figure 3).

® 2D «flate velumes like in reom and pdlar mining (Bangue de France safe rocen
Parts).

® 30 velumes (caverns or boxes, either parallelepipeds, or meee rounded spheres
and ellipscids being rather infrequent).

Figure 5. Crosssiction of the Landsberg underground car park, Cermany: 355 cars oc 5000
people civil ddfence shelter,

The neat step in classifving undergreund velumes describes assemblies of simple
volumes. bends of a tube, parallel tubes, branches, intersecticns. then networkes (2D
and 30). One knows that hydraulic condults do not turn at sharp angles, neither they
branch at large angles, and they never intersect (excepe for low discharge sewers)) il -
way tracks follow the same rules, the more stringent foc the higher speeds; surface ro-
adways may azcept intersections, even multiple Intersections and coundabouts. under-
ground, caly branches at small angles are permitted a3 In scme undergreund roadways
arcund Paris falong extermnal Boulevards and below Les Halles garden): an underground
roundsbout connects three rcad winnels near Tromss, Noeway).
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Extending any existing volume shall deserve specific consideration’ it 1s sasy to ex-
tend the length of 3 tube. unsasy 1o enlarge its section (at Marseiles Prade-Carerage
read turwel, Instead of widening an abandoned ralway tunnel, s irvent has been dug
to provide two storevs) In most of cases It 15 better to boee a second tube.

Figure 6. The Bounpues Zstocey MUSE concept: an undsrground motocssry rastricted to light
wehicles and mass vansit in the same 10 m 1D wibe (designed foc the Haues -3 Sei-
ne department, immediately west of Paris, bul oot yet sopred).

2.3. Demand of underground volimes

Examples quoted abonve only are a sample of the uses the underground space can
fulfl, which could fil many pages and can be found elsewhere (34-5-6). Here we pre
fer 1o focus on the supply side. as offered by Nature (10) and hmited by laws, codes
and rules ().

24.  About toll tunnels

Urkan mebility 1= signiDcantly constrained by botdenecks and gaps in the current
freeway systems. Inside and around citves, most of which were designed decades ago
for a different urban land use partern than exizts today. Congestiorrrelief toll tunnsls
in downtown areas (11) appear to be sconomically feasble, largely o entirely from pre-
mium-price tolls pad by users. They are being developed by private comsortla, cpersr
ting under long-term franchises from govemment. Resteiction of use to Light vehicles
caly helps reduce the tunnel cross section). The best model 15 the LASER projece de
signed i 1987 for Pars by CTM (Crands Travauwe de Marsellle); though it has besn
rejected by the City, by fear of the local associaticns. some modern examples are ope
rated 1n Marseilles and Lyons. and out of France n Sydney & Melbourne. Australia,
ot to mentlon shon sections e.g. undenwater tunnels, as in i{arg Keng Norrstop elec-
tronle toll collection systems have given moce Interest to such tunnels (Jike on beid-
ges). The closure of the second ring freeway under the hilly westem suburke of Paris
(& B5) & by a pair of tunnels. the first of which 1s twerstorey for light vehicles anly,
In each direction. the next cee for all vehicles. A rral project proposed by Bouygues
sited 3 mass ranspon system on a third level (figure 8.
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2.5  Mountain resorts

This caze s ervironmentally-friendly as the mountain landscape may be preserved
from pellution by constructions. Two cases have been studied by the author in coope-
ration with architects. cne nside an alpine summit 1600 m over Grenchle (P Saint
Michel) (12), the other in Peru in order to preserve the Maccha Prechn site from a gro-
wing number of visitors (13].

3. MAIN FACTORS OF THE SUPPLY OF UNDERGROUND SPACE
3.1, Integration into kindscape and «groundscapes

[n 1tz rather recent ervironment-frisndl way of thinking man needs 1o lcok at the
landscape arcund befors ary nesw work! twe —and three— dimerstiomal landscape. in-
cluding ecology of all llving species. including mankind. that & ageculture, mines. in-
dustries aned cities,

Tweordimensonal landscaps (Physical Geogrmphy) begins with surface mecphalogy
that 1= reliel. hills and slopes, plateaus, plains. and surface waeer, rivers and lakes wha-
tever thelr size. The relief may offer opportunities to lecate lnear Infrastructures.
through combinations of tunnels and bridges, a5 in the half-ring metorway of Funehal
Madére Islaned, Portugal.

Mary examples were since long given by railway tracks & statlors rskle citles
from Roven 1o Morace: by Pars metre lines 2 & 6 as by mees recent roadhwans and
metorwars (many examples around coastal citles like Nice, estuary cities ke Hambarg,
Germary, and flord dp cites Tike Oslo, Norway! studies are launched at Geneva. Swit-
zerland).

Three dimensional landscape is governed by Geolegy, and shoukd be best named
sgreundscapes. It must be seen fimse as anatomy of the ground. that 1= how geclegical
materials are organized nto structures” then cne needs oo understand s physiclogy.
that & the whale of what happens insile. groundwater pressure and flow. heat flow.
stresses, fault movemenes and strains. Today this anatomy has often been modifled by
man works and uses {subsurface utilities, mining cavities, fll hills, and reclaimed land.
agaln as in Manaco).

The benefits of the geclogial ervironment have been studied elsewhere, for ins-
tance In reference (10,

3.2 Obstacles from property rights and other codes

Lenes. [n France as in some other couniries, the Raman Line applies 1o private ow-
nership: the owner of the surface owns the whole vclume belew. down 1o e centre
of the Earth. Marw cther countries set a depth limit, g, B m. or scmetimes any depth
the surface cwner can clalm he needs it (61, Citles and other so-called scollectiviies lo-
caless wncluding the State. may cwn prvate properties. But mest of their estates ars
under a special statutel the «Damaine publics (public estars)] 15 collectively owned by
all citizens” parts of it are allocated to such or such public use {e.g. for streets, roxls
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and railways navigation canals. ports and alrpocts. eic.” others are free for use (comr
men lands. &g, for pasture). provided equal aceess o all citlzens 1s provided. Each
communiey and each authority In charge of public services are entrusted © mange
«thetrs public estates, alaays in the interest of the whele pablic. There s no formal
mentlon of the property seatute for the volume below the surface of publy: estaees; au-
thoritles in charge of managing the surface play as they hive the cight of disposing of
it, previded it be inthe ineerest of the public,

Covies: Many laws are implementsd through a number of specific Codes. s in Frane
ce Code du travail, Code de Nurbanisme. ete. Except for the Mining Cede. no spectal pre-
wishan applies to the undergreund (even in the Ubanism code. the werds underground
o subsurface do not appear) and what I= much worse, most of the rules inskde them do
nat fie with underground plares of ary kind. Some rules are very hard to comply with
ma ERP (esublishment recering public) is permittedd deeper than 6 m’ no clssroom or
haospital bedroom s permiited undergreand” svery working place must recelve daylight
and fresh alr from a working window, erc. OF course. dercgations hive long been estar
Elished for the metro stations: ctherwhere they have 1o be cbialned Lefore opening any
new specille place; =g, the Les Halles commercual centre (14) had to discuss far menths
with the Fire Beigads and ccher authorities n charge of bvglens and safety.

That 1= why. early In vear 2000, Espace Souterrain and Serater Jean-Faul Huget
tried o present a new bow text aloag which:

8 The Urbanism Code shall apply wogsther 1o surface and subsurface,
8 A public body ke created named Agency for subsurface to tmprove the kne-
wledge and development of the subsurface of citles,

{Theugh mare appeoved this propesal, the government rejeceed it for the tme. pro-
babl becanse such a text would need approsal frem mamy ministeies. which could de
lay the whale law).

3.3, Some Intenational approcrches

The firse rules established towards use and planning of underground space wers es-
tablished in Seandinavia, about 1975 (15). Among countries and cites which follewed
were Karsas City and Minneapolis, USA, Montreal and Toronto. Canada, Tokye and
Nagowa. [apan.

Itak. In 1956, the asseciation Quana dimensione. lead by Pistro Lunardl, lseed
free principles favouring the underground alternatvel

11 As works escape any climatk hazards, the costs and delavs are minunized.
il The cost of land 1= reduced.
nzy The surface dismuption s minimized.
w1 Undecgrourd structures need less maintenanes. whatever the climate,
vl Heating and cooling of any premises are cheaper. thanks to ratural insulaticn,

Then the Law on saving the ervirenmental equilibriums was complemented o give
priccity ta the underground alternative on two poines:

11 The cholce of a surface alternative must be expressly justiied.
ul Any citwen may propose uses of undergreund space, private o pukblic,
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Japan: The first propasal of the government, to set 3 50 m depth lumint for private
cwnership. was rejectsd by the parliament. Then a concept of deep underground spa-
o= was established. its extension being defined along the bullding foundations and the
geclogy:

il Below bulldings with basements. some of them extending to 40 m depth. this
figure & the limi.

i) Below bulMings on piles, the integrity of the layer on which piles rest must be

presecved, and the Ilmit 15 10 m below the foct of the plles.

Alcag the today technological level, the underground space In Japan 15 supposed
usable to 100 m depth, in spite of poor alliwlum geology and pervasive groundwater
(the same gectechnical conditiors paved the way foc the tght durry and earth-balan-
ced pressure TBMs which may now tackle the werst conditions worddwide (in:luding
the Channel Tunnel).

3.4, The Singapore World Tunnel Congress

[ spite of ies tnde, «Underground Space for Sustatable Urban Developments, very
few papers In Singapore last spring tackled true underground urbanism examples oo
concepts. The referenze (B) comes from this meeting. fust as the one, many national
and wternational conferences since a few decades Invokee the beneflits of using the un-
derground space. but most of them do nct ge farther than the design and canstruction
methods and fail to give corsideration to true city planning. There & no real acttempt
to integrate the uses of the undsrground Inta the conventional surface planning of ¢i-
ties. For instance. multduncvon galleries are only operated in a very few cities.

4. CONCLUSIONS

Urban design expert Cydecn 5. Colany of Pennsylvania Soate University was one of
thote calling for making Increased use of the land bensath urban areas. He told Ame-
rcan City and County mesting in 1992 «Cines evenywhere have grown bevond the
polnt of manageability, and their inhabitants now pay an Invisible soclal and ecocnomi:
price,». Based in part on his study of underground construction in Japan. Colany ea-
ll=d for the transfer below ground of most, f net all, urban rarsparation faclitles t©
below ground, metres, high=speed mll. and motorways.

After Scandinavia, after the USA, after Japan and Korea. after the Netherlands. Swit-
zerland has expressed a wide Interest in underground use and architecture through a
collectve bock (16) titled «Vingt mille lewr scus les terress Instead of «Vingt mille
ls=ues sous Jes merss, a paraphrase of the Jules Verns story of Captain Nemo and his
famous Nautlus submarine.

Up to now, few countries have developed bedies of laws governing all the possible
wses of underground space. It 1s clear that every underground work has 1o be author-
zed and registered | every hole must be traced on an offictal map. A number of under-
ground werks nesd to have their surroundings protected. And mostly. the sites able to
accommedate very large openings (17) shall be ssarched for Inventory. be classified.
and be presecved (4).
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Gensclences are hard sciences. svalid at any dme and place. Law sciences are soft
s, with wide differences from country o counery, and from time 1o time” they have
to adapt 1o new concepts) the sconer the beier, Clty sciences must be a mix of gece
clences. soclal sclences and engineering scdences as appear in the works of Ssbine Bar-
les. coauthor of a shore and comprehensie beak <L urbanisme scuterrains (18).

Just as 1s the surface, the whole subsurdface s a pant of terrestrial environment. pre-
viding suppent for buiklings and structures, providing wacer and minerals, and offeding
extra room for many serdces and activitles. As thers 15 no way o go back to the wr
tetal =vwrglne state, a global long term assessment I essentlal @ this way, underground
cite planning asserts caeself as 3 contribution 1o sustatnable development provided
be mamaged In a sustalnable wav.
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