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Down the rabbit hole

We experience what is happening above ground on a daily
basis, but what lies underneath the earth’s surface is usually
hidden from view. And because that world is largely terra
incognita for us, what happens there is shrouded in mystery.
Stories about tunnels used to access and rob banks or as
secret escape routes capture our imagination. By their very
nature, illegal resistance movements operate ‘underground’,
shunning the spotlight. The underground scene of artistic
subcultures also prefers to avoid the glare of public attention.

Besides arousing our curiosity, the unknown frightens us.
The devil and other monstrous creatures are said to

be lurking deep under the ground. Sewage workers would
be well advised to offer up a quick prayer before removing
a manhole cover. On the other hand, it is to the earth that
we entrust our most cherished treasures.

Venture down below and a wondrous world

will open up to you!

Hepworth Manufacturing Company,
Alice in Wonderland, 1903

Walt Disney Productions,
Alice in Wonderland, 1951

In 1877 Thomas Wallace Knox, an Ameri-
can journalist and author of adventure
stories, wrote a weighty tome entitled
The Underground World: a mirror of life
below the surface, with vivid descrip-
tions of the hidden works of nature and
art, comprising incidents and adven-
tures beyond the light of day...

This illustration was next to the title
page. It encapsulates how the under-
world both fascinates us and fills us
with fear. uc Berkeley Bancroft Library

The deep and
mysterious underground
It is very difficult to fathom what

is actually happening inside the earth
and for a long time this was a matter

of guesswork. Even now the deepest
drilling operations into the earth’s

crust are mere pinpricks.

The German priest and scholar Athana-
sius Kircher tried to explain a number

of phenomena in the influential book

he wrote in 1664: Mundus subterraneus,
quo universae denique naturae
divitiae. For example, he attributed
tides to the flow of water in and out

of an underground ocean.



Athanasius Kircher, d’Onder-aardse
weereld in haar Goddelijk Maaksel

en wonderbare uitwerkselen

aller dingen (The underground world
in its divine creation and the wondrous
workings of all things, 1682)

Most of the Mundus subterraneus

has never been translated into English
from its original Latin editions.

Ghent University Library

Jules Verne, Reis naar het middelpunt
van de aarde (Journey to the Centre
of the Earth), 1974 (1864)

Two centuries after Athanasius Kircher,
Jules Verne wrote his science-fiction
classic Journey to the Centre of

the Earth (1864), in which he described
underground sea plains similar to Kirch-
er’s underground oceans. Today the
existence of such seas is considered
to be impossible. Private collection

Mouth of the Mephisto worm
(Halicephalobus mephisto)

However little we know even today
about what is happening in the deep
layers of the earth’s crust, recent
discoveries prove that there are forms
of life in deep layers of rock. It was
long believed that single-celled organ-
isms are the only life at great depth.
But then in 2011 the Ghent professor
Gaetan Borgonie found a microscopic
worm 3.6 km deep in water that

had been cut off from the surface

of the earth for thousands of years.
The animal was named the Mephisto
worm (Halicephalobus mephisto)
after Mephistopheles because, like
the devil, it shuns the daylight to seek
out the deepest caverns of the earth.

Ghent University, Faculty of Science,
Biology Department
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Bank robberies

In 2019 the underground strongroom of
a branch of the BNP Paribas Fortis bank
in Antwerp was broken into. It soon
transpired that the thieves had reached
the strongroom through the sewers
and through tunnels they had dug.
Another notorious and not dissimilar
bank robbery was carried out by Albert
Spaggiari in the French coastal city

of Nice in 1976. Spaggiari and his team
spent days digging a tunnel from the
sewers to the underground wall of

the bank vault and then a weekend
drilling through the wall. They seized
gold bars and jewellery worth tens

of millions of euros. Later on, Spaggiari
wrote an account of the raid in Les
égouts du paradis (translated into
English as Fric-Frac: The Great Riviera
Bank Robbery (1979) and The Sewers
of Gold (1981)). The book sold well.
Spaggiari was secretly involved

in making the film version in 1979.

Extract from the VRT journal
of February 5™ 2019

VRT image archive

Albert Spaggiari, Les égouts du
paradis. Sans haine, sans violence
et sans arme, 1978 Rotor

Excerpt from the filming of
Spaggiari’s Les égouts du paradis
by José Giovanni in 1979

Medieval underground ‘torture
chambers’ in Gravensteen castle
in Ghent, 1875-1930

Ghent Archives / Ghent University Library
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This mask of the devil was used

by the Ghent St Michael’s Guild in its
annual procession from the seven-
teenth to the nineteenth centuries.

It represents the battle between
Saint Michael, the guild’s patron saint,
and the fallen angels. This mask was
worn by the person playing the part
of the devil. stam

Coin hoard consisting of 36 coins,
c. 17-18, found in Overmere
in 1967 stam

Resistance

When the world above ground is
plagued by dictators, war, censorship
or violence, the invisible world

under the ground provides a clandes-
tine place of refuge. Resistance
publications, like La Libre Belgique
newspaper banned by the German
occupier, were printed in cellars.

In novels and films, too, networks

of underground tunnels, dungeons
and other subterranean spaces

are frequently associated with
resistance and hope.
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La Libre Belgique, 1940
Amsab-ISG, Ghent

Movie clips

Matrix Reloaded, Wachowski

brothers / sisters (2003)

Metropolis, Fritz Lang (1927)

V for Vendetta, James Mc Teigue (2005)
Fantastic Mr Fox, Wes Anderson (2009)
Batman Begins,

Christopher Nolan (2005)

Kanal, Andrzej Wajda (1956)
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At the bottom
of the ladder

The Frenchman Gustave Doré (1832-
1883) is best known for his illustrations
of literary masterpieces. For example,
he illustrated Dante Alighieri’s Divine
Comedy, a fourteenth-century epic
about an imaginary journey to heaven,
purgatory and hell.

In 1872, Doré and the British journalist
William Blanchard Jerrold joined forces
and published a beautifully illustrated
book entitled London: A Pilgrimage,
documenting all strata of mid-Victorian
London. The poorest workers are
depicted working deep underground

in some of the darkest and most
unsavoury places in the city. These
representations endorse the image of
society as a pyramid, with the helpless,
poorest section of the population at
the bottom and the rich elite at the top.

Gustave Doré and William Blanchard
Jerrold, London: A Pilgrimage, 1872
Ghent University Library

lllustrations from:

Dante, Die géttliche Komédie, 1861
Gustave Doré and William Blanchard
Jerrold, London: A Pilgrimage, 1872
Gustave Doré, La Ménagerie
parisienne, 1854

Ghent University Library /
Bibliothéque nationale de France

Metropolis, Fritz Lang, 1927

The concept of a literally stratified soci-
ety also plays an important role in Fritz
Lang’s 1927 film Metropolis. The story
revolves around an imaginary city in
the year 2026, in which the population
is divided into ‘thinkers’, who live

in luxury above ground, and ‘workers’
forced to slave away in the mines.
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Sewers

A contemporary city cannot function
without an efficient sewage system.

And if it is to be efficient, it requires

constant maintenance. Many sewage

workers compare their first day
working in the sewers to a descent

into hell because of the difficult work-

ing conditions, the darkness, the
stench, the gasses, the vermin and
the permanent danger of drowning.

Anekdoten uit de riool (stories
from the sewer) documentary

Riolenmuseum / Musée des Egouts, Brussels

Sewage workers’ boots, ¢.20

Riolenmuseum / Musée des Egouts, Brussels

Marc Witpas, a worker who maintained

the sewage network under Brussels
for decades, once carved this

sentence in the walls of the collector
under Bergensesteenweg / Chaussée

de Mons: “When | die, | will go to
heaven, because here | lived in hell.”

Riolenmuseum / Musée des Egouts, Brussels

The gates to
the underground

The entrances to the underground
are unusual. They are often
concealed in the streetscape under
a heavy manhole cover or behind

a false fagade.

Saint Barbara is the patron saint

of those at risk of sudden death,
particularly people who work under-
ground, like sewage workers,
miners, navvies and tunnel builders.

Private collection
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Manhole and cover of a drainage
inspection chamber Farys

A false facade conceals an entrance
to the underground rail network
in London (Leinster Gardens) Arvind Roy

Replica of the foot of the bronze
statue of Hermes (Mercury) by
Giambologna (1529-1608) from
the collection in the Louvre in Paris
Some mythical creatures and gods
are associated with the transition
from above ground to below ground.
In Greek mythology, the god
Hermes is the conductor of souls.

It is his job to accompany the shades
of the deceased to the underworld.
With his winged feet, Hermes is at
home in both worlds. He commutes
between light and darkness.

Private collection

Underground culture

The underground culture is a
counterculture strongly opposed
to the tastes of the public at large
and to commercial profit. Those
who share the beliefs of this move-
ment are generally involved in
music, the visual arts and literature.

Raves in Brussels, Ostend,
Berlin and Liége

Julien Sigalas, Antoine Paroute,
Erich Fertig en Faune

Selection of record sleeves from
the Nurse with Wound list, 1979
Compiled by the Nurse with
Wound band and listing

291 avant-garde musicians

and bands. Private collection
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Underground monsters
In the film world there is a rich
tradition of capitalizing on our fear

of creatures lurking underground,
such as the living dead and sometimes
mutated rats, alligators and insects.

A typical example is the 1984

science fiction horror film C.H.U.D. or
Cannibalistic Humanoid Underground
Dwellers. The film tells the story

of how New York’s homeless, who

live in the sewers, are infected with
nuclear waste that has been dumped
there. They mutate into monsters
hungry for human flesh.

Selection of monster
movie posters, ¢.20

Private collection

Movie clips

C.H.U.D, Douglas Cheek (1984)
Alligator, Lewis Teague (1980)

The Mole People, Virgil W Vogel (1956)
Tremors, Ron Underwood (1990)

Ben, Phil Karlson (1972)

Deadly Eyes, Robert Clouse (1982)
Mimic, Guillermo del Toro (1997)
Creep, Christopher Smith (2004)



Layer by layer

2 The earth has been undergoing constant change for some
4.6 billion years. Continuous weathering shapes the earth’s
surface. Tiny particles of material on the surface of the earth
break off and are borne away by ice, wind, rivers and seas

to be deposited elsewhere. Consequently, the substratum

is built up of many layers. These layers or strata are named
after the age in which they came into existence. The deeper
you dig, the further back in time you go.

Changes in the earth’s surface can also come from under

the ground. The earth’s crust (the hard, outer part) is constantly
moving. Large pieces of crust (‘plates’) bend, break, collide
and shift underneath each other. This is an extremely slow
process, but it is accompanied by dynamic forces, which can
trigger earthquakes and volcanic eruptions.

The combined action of the movements in the earth’s crust
and the process of disintegration and deposition means that
no two places on earth have an identical substratum.

2.1

Michel Thiery (1977-1950) was a 2.2
teacher in Ghent. In 1922 he founded

and became the director of the
Schoolmuseum, now The World of Kina.

He wrote several books on physics,
including Populaire beschrijving

van de grond waarop de stad Gent

is gebouwd (Popular description of

the ground on which the city of Ghent

is built, 1950), documenting the 2.3
city’s geology. Some of the fossils
described in the book were collected

by Thiery himself and are part of

the World of Kina’s collection. Rotor

This geological map shows which
sediments were deposited in the
Ghent region during the Tertiary period
(65 to 2 million years ago). The map
was produced by the Geological
Institute of Ghent University in 1996.

Ghent University, Faculty of Science,
Geology Department

Lacquer profile of a trench

in Moerbeke-Waas, made in 2009

It shows the layers of a large, shallow
lake from the Tardiglacial (14,500

to 11,560 years ago), around which
hunter-gatherers lived in temporary
settlements.

Ghent University, Faculty of Science,
Geology Department



2.4

2.5

or

2.6

This cross-section of the underground
terrain in the region around Paris was
made by Georges Cuvier and Alexandre
Brongniart in 1832. Cuvier is regarded
as the ‘founding father of paleontology’,
the study of fossilized animals and
plants. He was the first to date layers of
earth based on the fossils he found in it.

Bibliothéque nationale de France

Geology as
applied science

Geology made great strides in the
nineteenth century, a period when
Western countries invested large sums
of money in research, drilling and
mapping. A good knowledge of one’s
own underground primarily serves
the economic interest. The Belgian
geologist and mining expert André
Dumont is best remembered for
discovering coal in Belgian Limburg.
His research laid the foundations for
many geological maps of Belgium
and Europe.

Geological map of Belgium,
based on research by geologist
Gustave Dewalque and drawn
by Charles Léonard in 1903
Royal Library of Belgium

Geological map of Belgium, based
on research by geologist André
Dumont in collaboration with
Lelorrain and E. Henry and drawn
by John Bartholomew in 1877

Royal Library of Belgium

Geological map of Belgium dating
from 1857, based on research
by geologist André Dumont

Bibliothéque nationale de France

2.7

2.8

The Ghent example:

the Blandijnberg

The Scheldt Valley came into existence
some 800,000 to 400,000 years ago.
Climate change resulted in a big

drop in sea level. In this dried-out area,
rivers, including the Scheldt, cut deep
into the landscape so that the hills
rose higher and higher out of the land-
scape along the valleys. The Blandijn-
berg elevation is evidence of this

slow process. The hill is the only place
in Ghent where older geological layers
are to be found. The rest of under-
ground Ghent consists of sands which
were deposited later.

Drill cores from underground Ghent
and Vinderhoute

* Formed during the Quarternary
(2.58 million years ago

to the present day),

mainly loam

» Formation of Gentbrugge

(56 to 33.9 million years ago),
mainly sand

» Formation of Tielt

(56 to 33.9 million years ago),
silt-holding sand

* Formation of Kortrijk

(56 to 47.8 million years ago),

heavy clay

» Formed during the Cretaceous period
(135 to 65 million years ago)

* Platform, formed

during the Palaeozoic

(541 and 251.902 million years ago)

Royal Belgian Institute of Natural Sciences

Samples from a drilling
operation down to 74 m on
the Bijloke site in 1928-29

Royal Belgian Institute of Natural Sciences
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Two geological sectional views
of Ghent: north-south and east-west

Rotor / Jacques Verniers, Ghent University,
Faculty of Science, Geology Department

Excavated finds
underneath Ghent

Fossils are the remains of former
plants or animals preserved in petrified
form in rock. Sometimes fossils

can serve to date the layer of rock

in which they were found. They are
evidence of former life during

the geological history of the earth.

Fossils and marine animals from
under the ground in the Ghent area,
collected in the nineteenth and first
half of the twentieth centuries

They were found during excavation
work on the Blandijnberg when
constructing the Citadel, the Leopold
barracks, the Book Tower and the
Feest- en Floraliénpaleis (exhibition
site). They date from the Lutetian (47.8
to 41.2 million years ago) and show

that in that period the region of present-

day Ghent and the surrounding area
lay in the sea. Several of the fossils
were collected by Michel Thiery.

Snail (Turritella edita)

Nummulite (Nummulites variolarius)
Sea worm (Ditrupa strangulata)
Zwin mollusc (Venericor planicosta)
Annelida (Rotularia nysti)

Lutetian gastropod (Athleta spinosa)
Shark’s teeth

Remains of skeleton of Gadiform fish
Nautilus shell with internal mould
(Nautilus cf. lamarcki)

The World of Kina, Ghent / Ghent University,
Faculty of Science, Geology Department,
Paleontological Research Unit

2m
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Bull elk (Alces alces) antlers, Quater-
nary, Weichselian glaciation (last

ice age, 119,000 to 11,700 years ago)
The antlers of a bull elk were found
when constructing the car park under
the Vrijdagmarkt in 1981.

Ghent University, Faculty of Science, Geology
Department, Paleontological Research Unit

The changing
landscape

An archaeological study (2015-16)
of the ground next to the Scheldt
in Waarmaarde (Avelgem)
provides insight into the evolution
of the landscape over a time span
of more than 13,000 years. The
results of the study have been
translated into (among other things)
a series of drawings which chart
the changes in the landscape.
250,000 years ago

125,000 years ago

10,000 years ago

Ulco Glimmerveen

Natural soil

Natural soil is essential for our eco-
system. Small animals like the earth-
worm convert organic material into
fertile soil in which plants can take

root. The importance of the earthworm
for soil quality was first demonstrated
by Charles Darwin.

Most of the natural soil in the cities,
however, is covered over and the
underground is full of urban detritus.
This causes problems at times of heavy
rainfall because it prevents excess
rainwater penetrating to the natural soil.
Trees and plants therefore have
difficulty finding space to take root

in the urban underground.



213

214

215

2.16

Charles Darwin, The Formation
of Vegetable Mould, through

the Action of Worms, with Obser-
vations on their Habits, 1881

Hendrik Conscience Heritage Library,
Antwerp / ISG, Amsterdam

Underground root growth in plants
GPhase, Youtube

Stages of development in the
germination of a bean, early ¢.20

Ghent University Museum
— Botanical Garden Collection

When the earth moves

When the earth’s crust moves it
causes a tremor or shock. Some
tremors are gentle, others very power-
ful. Their force is measured with

a seismometer. Some parts of

the world are prone to powerful earth-
quakes because they are located

on a fault plane between two plates.
In Ghent only the very occasional
earthquake is felt. The most recent
powerful earthquake was in 1938.

Judocus vander Cruycen,
Verhandelinge vande aerd-bevinghe
waer-in by-ghebracht worden

alle voornaemste aerd-bevinghen

die er oyt in de weirelt gheschiet zijn.

Doch bysonderlick de gone van

2.17

2.18

2.19

2.20

den 18. septembris 1692 (Dissertation 2.21

on all the major earthquakes that
have taken place in the world
and particularly the earthquake
of September 18" 1692), 1711
Ghent University Library

What causes earthquakes?

National Geographic, YouTube

Front page of De Standaard
newspaper of June 12" 1938
Reporting on the damage caused
by the earthquake of June 11" 1938,
the most powerful earthquake in
Belgium since measurements began
(5.6 on the Richter scale, epicentre
in Zulzeke, a former independent
municipality of Kluisbergen).

Royal Library of Belgium

Seismometer

Royal Observatory of Belgium

The seismogram above is the registra-
tion of the Zulzeke earthquake in 1938,
recorded at the monitoring centre in
Strasbourg (France). The seismogram
in the centre is the registration of

the same earthquake, but recorded at
the monitoring centre in Ukkel/Uccle
(Brussels). Here the ground motion
was so great that the needle that regis-
tered the recording was displaced

so far that its trace can barely be seen.
The seismogram below is the registra-
tion of the earthquake in Roermond

in Dutch Limburg in 1992, recorded at
the monitoring centre in Ukkel/Uccle
(5.8 on the Richter scale).

Royal Observatory of Belgium

Natural morphology of Belgium

Ghent University, Faculty of Engineering
and Architecture, Department of Architecture
and Urban Planning



The age of humans

To study the long geological history

of the earth it is divided into geological
eras. They correspond to clearly
distinguishable layers.

The International Commission on
Stratigraphy (ICS) believes that we
have entered a new geological epoch:
the Antropocene. This is the unit of
time during which the impact of human
activity on our planet is so great that

it will be visible in the earth’s layers

for hundreds of thousands of years.
Exactly when this time period began

is still a subject of discussion.

The Antropocene is not yet a formally
defined geological unit within the

ICS’s geological timescale.

2.22 Selection of excavated ring pulls, c.20

Contemporary archaeology is research
that focuses on the most recent past.
Ring pulls tell us as much about human
culture as a pot of Roman coins does.

Private collection Jobbe Wijnen

International chronostratigraphic
chart, 2018/08 version

International Commission on Stratigraphy

Soil pollution
The tank at the petrol station leaks
fuel into the underground. Rotor



3.1

Bearing capacity

If you were to build a heavy structure without some sort

of underpinning, it would almost inevitably subside. A building
needs foundations. Those foundations will support the weight
of the building on a solid substratum. The type of foundation
used depends on the stability and bearing capacity of the
substratum. Amsterdam’s soft, marshy ground, for instance,
requires a different treatment from New York’s rocky substance
and from the stable limestone geology underneath Paris.
Laying foundations is demanding and expensive work. In

the days before the bearing capacity of the layered subsoil could
be tested and calculated, the result of all the effort involved

in laying foundations was uncertain. Consequently, the laying
of the first stone of an important building was accompanied

by lengthy rituals and offerings.

Child sacrifice in the foundations of
the fortification walls of the ancient city
of Megiddo, Palestine. Bronze age. Rotor

Laying of the foundation
stone of st peter’s

abbey church

On April 14* 1629, Bishop Antoon

Triest laid the foundation stone of the 3.2
new church at St Peter’s Abbey in

Ghent. One of the rituals that accompa-
nied such an event was the production

of a commemorative medal for distri-

bution as a souvenir. A medal was bur-

ied under the foundation stone, thereby 3.3
forming a link with the underground.
Traditionally one side of a comme-

morative medal bears a representation

of the design for the building and the 3.4
other side an effigy of the client or
commissioning body. But Bishop Triest

had Saint Peter depicted on the medal.

In addition to the commemorative
medals, a book of poetry was published
in 1629. The poems refer to the words
of Christ: “You are Peter and on this
rock | will build my church.” They draw

a comparison with the Blandijnberg
elevation in Ghent, which is said to have
been provided by God as the rock on
which to build the new church.

Book of poetry dedicated to
Abbot loachim Arsenius Schaeyck
to commemorate the laying

of the foundation stone, 1629
Ghent University Library

Medal commemorating the laying
of the foundation stone, after a design
by Jacques Cocx, 1629 sTam

J. B. De Noter, Gezicht op de
Sint-Pietersabdijkerk (View of
St Peter’s Abbey Church), 1820 stam



3.5

3.6

3.7

St Peter’s Abbey in Ghent,
in: Sanderus, Flandria lllustrata,
1641-1644 Ghent University Library

New York: geology
defines the skyline

Research has revealed that there is a
link between the location and height

of skyscrapers in Manhattan (New York, 3.10

USA) and the presence of schist layers
underground. Schist is a very hard
rock that provides the perfect founda-
tions for high-rise buildings. The closer
the layers of schist to the surface,

the higher it is possible to build. So
the tallest buildings tend to be found
in Midtown, to the south of Central
Park and on the far end of Manhattan,
on Wall Street in the financial district.

Fragment of schist from Manhattan

Royal Belgian Institute of Natural Sciences

Distribution of high-rise buildings
in Manhattan and the occurrence
of schist underground Rrotor

Pile vilage Amsterdam

As the ground under Amsterdam was
originally a swamp, the soil there is very
soft. Fortunately, under the peat there
are also layers of sand into which piles
can be sunk tens of metres deep. In the
old days, wooden piles were used, but
nowadays they are made of concrete.
The old centre of Rotterdam was also
built on poles. Songs were sung to set
the rhythm while they were being
driven into the ground.

3.8

3.9

31

3.12

Fragment of a pile under Central
Station in Amsterdam, 1870-1890

Amsterdam Museum

Pile drivers at work, illustrations
by Jan Rinke in Toen en nu.

Van 1801 tot 1901 (Then and Now.
From 1801 to 1901), 1901

Royal Library The Hague

Pile-driving songs

Meertens Institute collection, Amsterdam

In 1929, J. W. Wagener painted this
steam-powered pile driver in action
during construction of the Bijenkorf
department store in Rotterdam.

Museum Rotterdam

Outport: under-water
foundations

To meet the growing demand from
industry, Ghent city council took

the decision to build a new outport
on the Ghent-Terneuzen canal, the
‘Voorhaven'. Its construction was
entrusted to city engineer Emile Braun,
later burgomaster of Ghent. The
foundations for the quay walls were
built under water with the help of
caissons. These metal, bell-shaped
chambers were lowered from floating
structures, which were moved to
build each new piece of quay wall.
The masons in the caissons worked
under over-pressure and so in
unenviable conditions.

Armand Heins, certificate relating
to the laying of the foundation stone
for the Voorhaven, June 11" 1882

Ghent Archives
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3.14

3.15

3.16

3.17

Medal commemorating
the laying of the foundation stone
for the quay walls, 1882 stam

Quay wall and sheds at
the Voorhaven, 1890 Ghent Archives

Portrait of Emile Braun Ghent Archives

Plan for the development of
the Voorhaven, 1886 Ghent Archives

Building the foundations for

the FNO (Filature Nouvelle Orléans)
building, ca. 1899

Buildings were constructed on
marshy land in Ghent as well, including
the Filature Nouvelle Orléans cotton
mill at the Wondelgemse meersen
(Wondelgem lakes). The foundations
for the building were laid on the
deeper layer of sand. Pyramidal
plinths were built on top as supports
for the metal, load-bearing structure
of the factory building above ground.

Museum of Industry, Ghent

The Franki pile

Over a hundred years ago, the

Belgian industrialist Edgard Frankignoul
developed a revolutionary method

to form foundation piles in the ground.
This concrete foundation pile typically
has an expanded foot and is known

as the Franki pile. To make a Franki pile,
a steel casing is filled with concrete
under the ground and the concrete
pressed with a heavy drop hammer
that moves up and down in the casing.
To this end, the firm developed

drivers which set in motion the casing,
the concrete and the ram. Koekelberg
Basilica, Sydney Opera House and

3.18

3.19

3.20

3.21

3.22

3.28

3.24

3.25

3.26

the Cathedral of Brasilia are just a
few examples of buildings supported
on Franki piles.

Different stages of the Franki
piling system Atlas Fondations

Pedagogical presentation of
excavated Franki piles at the Magnel
Laboratory, Ghent University, 1968

Ghent University Museum
— University Archive Collection

Advertisement for Franki piles

State Archives Liege
Load test trial Atlas Fondations
Foundation techniques Rrotor

Scale model of a Franki driver

Maison de la Métallurgie et de I'Industrie de Liege

Concrete block from the first

pile for the new branch of

the Bijenkorf department store

in Rotterdam in the 1950s

It was used to carry out a load test
before being polished and preserved
as a memento. Museum Rotterdam

Axonometry (perspective
cross-section) of the foundations
under a city by David Macaulay

in Underground, 1976

David Macaulay, with the consent
of HMH Books & Media

Piece of grout after testing
Compensation grouting is used on tun-
nelling projects to minimize settlement
(subsidence). Grout is a mixture of
cement, clay and water. It is injected
into the soil under high pressure, filling
any identified fractures. This technique



3.27

was used, for example, during
excavation work under Central

Station in Antwerp (1998-2007).
Beforehand, the height of the building
was measured. At the first sign

of any distortion while the work

was under way, grout was injected
into pipes which had been laid

in the ground in advance.

Ghent University, Faculty of Engineering
and Architecture, Civil Engineering
Technology Department

In regions where the risk of earth-
quakes is high, designs for major
buildings must first undergo a
number of tests. One of these is the
shake-table test, which simulates
an earthquake. A prototype of the
building, usually to scale, is shaken
back and forth in a laboratory.

This is filmed in detail so that

the structure’s seismic performance
can be studied meticulously.

American Wood Council / Nnmason, YouTube
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Failure to carry out a comprehensive
study of the ground of the construc-
tion site can have disastrous conse-
quences. The foundation piles of
this twelve-storey residential building
in China cracked in a landslip as a
result of excavation work in the area.

engineering.com

Presentation maquette

for the Galenkop housing project
(2007-2010) in Amsterdam,
designed by Office Winhov

This maquette is unusual in that it also
shows the 58 piles supporting the
foundations of the superstructure.
VANDERSALM-aim / Office Winhov
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Burials

Throughout time all cultures have marked places they regard

as being of special significance and attached to them a symbolic
or religious meaning. The underground is one such place.
Digging underground often involves ritualistic precautions

to please or appease gods or mythical figures.

Caves played an important role in
the spiritual lives of the first people.
They performed rites in caves in a
bid to establish contact with super-
natural forces. Caves are the forerun-
ners of memorial stones, temples,
churches and chapels. Rotor

“We trace out all the veins of the
earth, and yet, living upon it, under-
mined as it is beneath our feet,

are astonished that it should occa-
sionally cleave asunder or tremble:
as though, forsooth, these signs
could be any other than expressions
of the indignation felt by our sacred

parent! We penetrate into her entrails,

and seek for treasures in the abodes
even of the Manes, as though each
spot we tread upon were not suffi-
ciently bounteous and fertile for us!”

Pliny the Elder, Naturalis historia

Pliny the Elder (22-73) was a Roman
soldier, magistrate and writer. Only
one work by him has survived: Natu-

ralis historia. It deals with the universe,

geography, cultural anthropology,
zoology, botany, mineralogy and medi-
cines of plant and animal origin. Pliny
was a moralist: he criticized excessive
luxury and also people’s lack of
respect for the earth.

4.3

“For the first time in millennia, most of
us don’t know where we will be buried,
assuming we will be buried at all. The
likelihood that it will be among our pro-
genitors becomes increasingly remote.
From a historical or sociological point
of view this is astounding. Uncertainty
as to one’s posthumous abode would
have been unthinkable to the vast ma-
jority of people a few generations ago.”

Quote from Robert Pogue Harrison’s book
The Dominion of the Dead, 2003

Vulferus

From the early Middle Ages, the dead
were buried in consecrated ground.
Graveyards were sited close to churches
and were part of everyday life. Several
graves were found during excavation
work on Sint-Pietersplein in Ghent in
2002-06. One of the excavated skele-
tons has been identified as Vulferus.
Under the head of the deceased is a
stone bearing this text: “Hier rust Vulferus,
een leek, die op de 4de Iden van februari
1013 [10 februari 1013] overleed.” — Here
lies Vulferus, a layman, who died on
February 10" 1013. The text on the bottom
of the stone is particularly interesting:
“Als je me ook ziet, dan smeek ik je om
me te laten rusten.” — If you ever see me,
| beg you to let me rest in peace.

Built Heritage and Urban Archaeology
Department Ghent
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Last judgement

in Christianity

In the Christian tradition, the deceased
are buried in consecrated ground,
where they find their last resting place
in anticipation of the Last Judgement.
The Day of Judgement is when

the dead will rise from their graves
and be judged by God along with

the living. Some will be cast into hell,
others will be allowed to enter the
kingdom of heaven.

Hartmann Schedel,
Liber Chronicarum, 1493
Ghent University Library

Stained glass depicting

the resurrection of the dead
on the Day of Judgement, c.20
copy of a ¢.16 original stam

Burials

As a result of population growth,

by the eighteenth century cemeteries
in city centres were becoming over-
crowded. Furthermore, for reasons of
hygiene, burial outside the city was
regarded as preferable.

Cemeteries in Ghent city centre, c.18
Rotor / Royal Library of Belgium

Work to clear churchyards in Paris
began in 1786. The human remains
were transferred to the derelict tunnels
built to consolidate the limestone quar-
ries, better known as the Catacombs.
Photographs by Félix Nadar, 1861

Bibliothéque nationale de France
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In Bolivia miners make sacrifices

to a devil god, El Tio (The Uncle).
They try to appease him in the hope
that he will protect them during
their dangerous work underground.

Fotosearch

This photograph was taken by

W. H. Kretchmar at a remote place
in the Australian outback in 1910.
It shows Aboriginals leaving a
cave from which they have fetched
yellow ochre. They are walking
backwards and carefully wiping
out their footprints to prevent

the malevolent spirits of the cave,
the Mondongs, harassing them.
Both the mining of red ochre and
its use always went hand in hand
with important rituals, which

can be interpreted as an attempt
to appease the forces of nature
and avoid offending them.

Western Australian Museum

Red ochre is a natural pigment
which has been used for cave
paintings since prehistory.

The powder is a mixture of silicon
and clay. It owes its rust colour
to the iron oxides it contains.

Royal Belgian Institute of Natural Sciences

Japanese rituals

In Japanese mythology, a large
catfish by the name of Namazu
lives in the mud under the islands
of Japan. When he manages to
move, he causes earthquakes.

This makes the underworld angry
and the upper world has to pay

the price. However, his hiding place
is guarded by the god Kashima.
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lllustrations of Namazu, c.19

From the collection belonging to the International
Research Center for Japanese Studies
(Nichibunken), Kyoto

Jichinsai is a modern-day ritual
performed by a priest before the
start of a building project to pacify
Namazu. Both the client and

the contractor must attend this
ground-breaking ceremony.

Philippe Bonnin

A pacifying cornerstone in Kyoto
Philippe Bonnin
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Building blocks

Ground and landscape have greatly influenced what has
been built in cities. Sometimes the raw materials can be
excavated locally if the soil is rich in natural stone, or in sand
and clay to make bricks. Otherwise, building materials may
have to be brought in from a wider area by river or road.

In today’s globalized world, building materials for our cities
are imported from all over the world. As this has an adverse
effect on the environment, ways of producing building
materials extracted from the ground locally or from waste

materials are being explored.

Building blocks from
under the ground

Natural stone is stone that is found in
nature and suitable for use as a build-
ing material. The surface of the stone
is often tooled after mining to make it
smoother or perhaps rougher. The
choice of finish depends on the type
of stone and the use it is to be put to.
Bricks are man-made stones baked
from clay to which sand or ores

may be added.

5.5

Selection of natural stones

Ghent University, Faculty of Science,
Department of Geology and Soil Science

Building with natural stone
and building with bricks rotor

Selection of bricks

Built Heritage and Urban Archaeology
Department Ghent / Rotor

Building materials dug up
in Belgium Rotor

Natural stone
in Ghent

The use of natural stone as a building
material has varied in the course

of time, depending on its availability
and cost. The material is transported
by water or road to Ghent from
quarries elsewhere.

Selection of fragments of natural
stone from buildings in Ghent

Built Heritage and Urban Archaeology
Department Ghent

Urban mining

BC architects & studies and BC
materials are a Brussels-based
architects’ collective that
experiments with reusing left-over
materials from building sites.

With thanks to BC materials
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Three building sites in Brussels
from where BC materials

has taken left-over materials
Left: demolition of office tower
(concrete rubble)

Middle: building excavation,
pure Bruxellian sand

Right: building excavation,
Yperian clay

Samples of concrete rubble,
Bruxellian sand and Yperian clay

Three products marketed

by BC materials

Left: Kastar. Mixture of earth

and concrete rubble, sold in bulk.
Kastar is used for interior walls

and floors made of rammed earth.
Middle: Brickette. A modular building
block obtained by compressing
loam with some sand. Used in
load-bearing and non-load-bearing
interior masonry work.

Right: Brusseleir. A ready-to-use
loam plaster sold in bulk for
plastering interior walls.

Application of three building
materials: Kastar in Negenoord,
Dilsen-Stokkem; Brickette in Fort V,
Edegem; Brusseleir in Bokrijk

Paris

Paris is built on top of a thick

layer of lime. Up until the eighteenth
century, the local limestone quarries
supplied almost all the stone to

build Paris. Gypsum is also extracted
from underground mines. Gypsum is
the main ingredient for making plaster.

5.10
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Section of the Seine Valley
by Stanislas Meunier, 1875

Bibliothéque nationale de France

Location of the quarries
underneath Paris, from: Eugéne
de Fourcy, Atlas souterrain

de la ville de Paris, 1855
Bibliothéque historique de la Ville de Paris

Underground mining is not without
its risks: sooner or later the quarries
collapse. One of the most catastrophic
incidents occurred in 1961 near
Clamart, to the south-west of Paris.
Six streets caved in, destroying

27 buildings and killing 20 people.
Gradually the limestone quarries were
abandoned and a total ban on mining
followed in the whole department

of Seine in 1962.

Excerpt from Journal Les Actualités
frangaises of June 7™ 1961

Institut national de laudiovisuel

Plaster of Paris

These simple scientific displays

show how granular materials like sand
and clay behave when they are piled
up. The French organization Amaco
runs courses on rammed earth, a natural
building material, and the displays

are part of their Grains de baétisseurs
workshops. Amaco



514 Photoelastic effect
in granular materials
Plastic disks are placed under polar-
ized light to see how they change form
under pressure. When vertical pressure
is exerted on the granules of the plastic,
this force becomes visible in the form
of illuminated coloured lines. The forces
spread in the material via these illumi-
nated fringes, creating a tendency for
them to branch off sideways.
To build with rammed earth, the layers
are tamped down into a form, which
has to be very sturdy to absorb the
sideward forces. The colour intensity
depends on the degree of compression.
The grains at the bottom are pressed
far less than those on top. So rammed
earth must be applied in successive
thin layers because if the layer is too
thick, the compression pressure doesn’'t
reach the bottom of the layer.

Concrete mixer

Two types of sand of different grain
size are mixed together. When they are
tipped out and form a heap, the grains
divide according to size: the smallest
remain in the middle, the largest roll

to the sides and form the branches

of a ‘sand tree’. As the system is further
disordered by setting the sand or pow-
der in motion, the grains rearrange
themselves and group together accord-
ing to size or shape. This phenomenon
is called granular segregation. To pre-
vent the grains regrouping, water has
to be added during mixing so that the
grains stick together and don’'t sepa-
rate. The blades of the concrete mixer
also help make the mixture more
homogenous.
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This transparent frame is filled partly
with coarse gravel and partly with fine
sand. This cross-section shows how
the fine sand finds its way between
the coarse particles and gradually

fills up all the openings. This explains
why a mixture of grains is more com-
pact than separate grains. So in a gran-
ular material 1 + 1 does not make 2.

By studying how the grains accumulate,
it is possible to show how the atoms
arrange themselves in the material.

A void will always be a weak zone.

So it is interesting to see which accu-
mulation fills the most space, to obtain
as compact a material as possible.
Compactness is crucial for the solidity
of granular materials like earth and
concrete.

Nuclear waste

storage in Belgium

Deep beneath the ground in Mol,
research has been carried out since
the 1970s into the possibility of storing
high-level radioactive waste from
Belgium’s nuclear power stations in
the 30-million-year-old layers of clay.
One of these layers appears as an
outcrop in Boom, but is found

deep underground in the Kempen/
Campine region. The name of the
underground research laboratory in
Mol is HADES (High Activity Disposal
Experimental Site).

A decision as to whether or not to
choose this form of storage has not
yet been made. In the meantime,
the nuclear waste is being stored

in purpose-built repositories

above ground.



5.17 Boom clay from the HADES
underground laboratory in Mol
When excavated at the depth
of 225 m, this clay is of high plasticity.
Exposure to the air makes it dry
and hard. ESv EURIDICE GIE, Mol
518 Temporary storage of barrels of
high-level radioactive waste in a
repository above ground niras

Article from De Standaard
newspaper of August 23