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The structural evolution of the Terezin fortress
mine system — left: the earliest phase; center:
expansion during the early 19th century; right:

an unrealized proposal to supplement the listening
galleries with mine branches (VHA).



Schier, mentioned in Terezin as early as 1805.” The work itself, or at least
some of it, was later performed by captain Wiirth.

No more changes were made to the local mine system. A series of de-
tailed proposals for expanding the envelope and listening galleries from
the 1820s written by captain Wiirth have been preserved,” but it never
happened. There were many reasons for this: state bankruptcy and the
monarchy’s depletion after the Napoleonic Wars, the need to renovate oth-
er more important structures, and last but not least, the floods.

In March 1821, another flood arrived, with the Elbe reaching almost
4 metres above its normal level, and then again in 1824. And there were
more to come. Although more detailed information for Terezin is lacking,
we can add the years 1835 and 1845, which is evidenced by stones with the
inscription ‘Rep’ and the year in the fortifications.®’ The preserved plans
for underground repairs after flood damage most likely relate to these
events. And the damage was truly substantial. In 1821, the water caused
the collapse of part of the envelope and the listening gallery under the
road in front of the left face of counterguard No. 21.%

We have an extensive report concerning 1827 and repair plans by cap-
tain Wiirth concerning dating back a year before. The surface excavations
had to be repaired and extensive sections of the corridors re-walled, spe-
cifically level 1 mine branches No. 5, 9, 10, 23, 25, 77, 82, 93, 105 and 126,
level 2 mine branch No. 44, and listening galleries No. 33 and 63.* In
1829, the cracked vault and masonry of the main gallery in front of the
left face of ravelin No. 19 were repaired; the vault had to be dug up and
completely re-walled.* Coincidentally, the same place had to be walled
over again after the floods of 2013. A year later (1830), the mine system of
the Small Fortress was installed. In the period from 1830 to 1833, repairs
were performed on mine branches No. 1-5, 8-10, 12-17, 19, 22, 25-26, 43-44,
level 2 mine branches No. 7-9, 17, 29, listening gallery No. 12 and 14, top
gallery No. 6, communication gallery No. 1, capitals No. 3 and 7, and the

" Terezin fortress plans, plan ITT K/29.
%" Ibid., plan III K/05 and plan III K/06.

¢ Rudolf BRAZDIL et al., Historické a soucasné povodné v Ceské republice,
Blansko 2005.

% Terezin fortress plans, plan III 1/054.
% Ibid., plan IT K-H/y 23,28.
# TIbid., plan ITI K/32.
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Plan of damage to the mine galleries in the
foreground of counterguard No. 21 during
the floods of March 1821. (VHA).
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main gallery before the left face of ravelin No. 7 and bastion No. 2. Then
repairs moved back to the Main Fortress. Between 1832 and 1835, it was
necessary to repair and rebuild level 1 mine branches No. 4, 15, 17, 21, 25,
31, 34, 36, 69, 74, 75, 76, 79, 87, 94, 101, 103, 119, 122, 124, upper gallery
No. 3 and listening galleries No. 10, 12, 18, 21, 32.%% As this rather dry list
of tunnels shows, the extent of the damage was indeed considerable. Many
parts of the system also had to be rebuilt for the third time.

The nature of the flood damage to the mine system is further detailed
in the report from 1847, which followed the great flood of 1845. ‘Experience
has shown that damage to galleries is not immediately apparent after the water
recedes, it only becomes apparent afier one, two or even three years, which we have
also seen after the recent floods. It is not uncommon for the pavement to sink 1 foot
(32.5 cm — author’s note) two years after a flood. This is because tiles and bricks
retain moisture for so long that they hold together as if they were glued, but as they
gradually dry out, they lose their load and often sink a foot down. The same is true

Jor niches, which are either pushed out or collapse, followed by sand spilling out.
This happens because the otherwise dry sand, with which the masonry of the Main
Fortress system is mostly covered, remains moist and solid after the water drains
away. In some places, it is significantly caved in and the resulting empty spaces
only fill in when it regains its original dryness. As a result, the dry sand presses
down on the masonry with full force, pushing out the dry-laid niches and then
rolling out at a 45° angle into the tunnel. Because this has to be cleared from the
gallery, empty spaces are created under the layer of soil forming the glacis, depend-
ing on the amount of sand that pours out. After rains, when the soil is fluffed up,
it sinks into these empty spaces, often creating large depressions on the surface that
must be filled with good soil. In the fort, on the other hand, niches very rarely col-
lapse because the sand with which the mine system is covered never dries out. This
is why no empty space and depression can form between the sand and the glacis
soil layer. Damage to the main gallery of the fort in front of the right face of bastion
2 along the road leading from Prague to the fortress, which could result in the col-
lapse of the retaining walls 80 fathoms long (approx. 156 m — author’s note),
was repaired this year. In addition, the damaged tip of mine branch 3 near the fort
in the length of one fathom and three feet (approx. 3 m — author’s note) was
taken down and rebuilt. The following work was performed in 1847: in counter-
guard 21, demolition mine 3, 5 fathoms long (approx. 9.75 m — author’s note),
is so damaged that it may collapse, so its demolition and reconstruction is planned

L]

* Ibid., plans IT K-H/z18a, IT K-H/z18a, 1T K-H/z26, II K-H/z24 and II
K-H/290.

% Ibid., plans IT K-H/z55, IT K-H/z57 and II K-H/z66.



Jor 1847. Level 2 mine branch 42 in front of the Main Fortress, the first branch on
the right in the chamber itself and one fathom back, is also at risk of collapse, so it
is urgently scheduled for repair in 1847.° This description can also explain the
damage after the last floods of 2002 and 2013.

The last detailed description of flood damage repairs in the fortress era
is from May and June of 1849, probably after the flood in 1845. At that
time, repairs were performed on the brick walls of the niches in listening
galleries No. 37, 47, 61 and 63, and level 2 mine branches No. 29 and 32,
and 11 in the fort. The cracked vault of listening galleries No. 12 and 33
and level 2 mine branches No. 30 and 44, namely at the fort of level 1 mine
branches No 24-26, 40, 43 and 63, were also repaired.®

We don’t have any information about other later damages in either the
planning or the file documentation.* The mine system entered the war of
1866 in good and fully functional condition: ‘Because the galleries have been
well cared for since their construction, they are in perfect condition and completely
dry throughout. Only when the inundation was filled, water 8 inches (approx. 20
cm — author’s note) deep appeared in some parts of the main and connecting
galleries.” We can only speculate whether and how it was affected by the
great flood in the following years. The tunnels were certainly damaged
in 1920, when the embankment at the foot of the inundation could not
withstand the onslaught of the flood and water poured through it into
the tunnels and further into the fortification system.”" Similarly, in 1940,
part of the demibastion collapsed at the Small Fortress and water reached
the underground.” The last stage consisted in extensive repairs after the
floods of 2002 and 2013, but these would call for a separate article.

KA, Mittelbehérden, Geniewesen, Genichauptamt, Akten, karton 222,
file 1847-5-9.

Military Historical Archives Prague, Military Construction Offices, FDD
Prague, card 7, Baurapport for May 1849 and Baurapport for June 1849.

However, we should also take into account that the extensive and still
unprocessed archive of the Terezin Genie-Direction with hundreds of
boxes has not yet been systematically examined.

% GPA Theresienstadt Nr. 15, Gov. Eisenbach’s report from 12 September 1866.

91 SOA Litométice — Lovosice, Kralovec Alois collection, box 34, natural
disasters.

9 Ibid.
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No. 7 of the Small Fortress in 1830.
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Tunnel 1ssues



® How do you evaluate a technical monument that was never intended
to survive more than two centuries? It is an exceptionally extensive and
unique system, the current state of which is influenced by two opposing
factors — nature and man. Both can do harm, but they can also help.

If we start with the latter, i.e. man, or rather the human factor, we can
distinguish several subgroups.

The first of these is the factor of the military engineers of the time.
In their effort for the most efficient construction process, they chose the
logical option of building from the envelope towards the main gallery.
Overall, there was nothing unusual about this — the procedure was based
on the absence of defined vertical levels and volumes in the main moat, the
minimal need for embankments in the area of the glacis bases, and also the
requirement for potential combat usability of individual sections during
construction.

However, this procedure resulted in a problem that became apparent
when the communication tunnels and mine branch arms were connected
to the main gallery. This structural continuity created expansion planes,
the effects of which are still visible today. If the construction of the coun-
terscarp itself were not problematic, this would be a negligible phenome-
non — expansion joints would even be welcome here. But reality is more
complicated.

The main problem with counterscarps is their structural design, from
the foundation itself, through the staging and connection of the main gal-
lery, to the thickness of the backfill. If we approach it gradually, we will
find that the 17-foot (5.5 m — authors’ note) retaining wall of the coun-
terscarp is founded in sandy loam soils typical of the Ohte floodplain.
Everything above the original terrain level consists of backfill layers cre-
ated during excavations; other deposits are common, often unsystematic
anthropogenic soils.

The depth of the foundation is usually between 1.0 and 1.3 m, whereas
the foundations have one to two-stage offsets of 0.24 m each. Given the high
occurrence of fluctuating groundwater levels and the fact that the counter-
scarps were founded approximately 3.6 m below the original terrain level
before the construction of the fortress, as well as the fact that they were re-
peatedly exposed to both floods and test flooding of the fortification trench-
es throughout the fortress’s existence, it is obvious that the structure had to
withstand variable hydrostatic and earth loads over a long period of time.

It is necessary to take into account that there are small, but real move-
ments in the foundation joint of the counterscarp — due to changing water
conditions and the nature of the subsoil. It is no coincidence that Terezin
is classified as a ‘water’ fortress.
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The exility of the counterscarps is more problematic than the founda-
tion itself. This can be categorized into two basic sections. The first are
the arched walls in the capitals. The main mass here consists of a wall with
a constant width of 3 feet (0.975 m — authors’ note), to which an inclined
face plane with a base of 1 foot 11 inches (0.622 m — authors’ note) is
connected. This sloping face connects to the main wall in a cornice, which
is located at a height of 17 feet from the plinth plane (5.525 m — authors’
note).

At a height of approximately 1.3 m, the main gallery is attached from
the reverse side. Its loopholes do not fundamentally disrupt the mass of
the masonry, apart from the holes themselves and ventilation chimneys.
The corridor, which is 1 fathom wide (1.95 m — authors’ note), has a back
wall with separate foundations, usually laid to the depth of the counter-
scarp foundations. The thickness of the back wall is 2 feet (0.65 m — au-
thors’ note) and the height from the floor to the base of the vault is 1.3
m. The barrel vault is vaulted both into the back wall — which is partly
stabilised by the original terrain and partly by the backfilled soil — and
primarily into the mass of the counterscarp wall, in the full profile of the
masonry. Above it is a lean to roof with sloping from the counterscarp
towards the terrain.

The construction itself took place in stages here. In the first stage, the
counterscarp wall was erected to the level of the base of the vault of the
main gallery, which approximately corresponded to the lintel of the loop-
holes. The second stage, which was almost simultaneous with the first,
included the construction of the back wall of the main gallery up to the
base of the vault. In the third stage, a barrel vault was constructed, and in
the last stage, the remaining part of the escarpment wall was extended up
to the crown.

This structural design — additionally reinforced in this section with
a concave, massive wall — does not show any significant signs of degrada-
tion or structural damage. The condition is significantly more favourable
in this respect than in the larger sections of the main galleries, which will
be described below.

The second section, where the fragility is more pronounced, is the main
gallery in straight sections of the counterscarp. The main mass of the wall
is also 3 feet wide here (0.975 m — authors’ note), extended by an inclined
face with a base of 1 foot 11 inches (0.622 m — authors’ note), which con-
nects to the main mass of masonry at a height of 17 feet, i.e. at the level of
the counterscarp cornice (5.525 m — authors’ note).

However, the difference lies in the shooting posts. They consist in nich-
es 4 feet 8 inches wide (1.516 m — authors’ note), 1 foot 6 inches deep
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Preliminary sketch and design for the main gallery
in the Terezin fortress (VHA, undated — 1780s).
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(0.487 m — authors’ note) and vaulted by a low vault only 4 feet (1.3 m —
authors’ note) high. The niches are spaced regularly, with an approximate
distance of 2 feet (0.65 m — authors’ note) between them. These niches are
in the main mass of the counterscarp wall and they significantly weaken
it — sometimes taking up half its original thickness.

The cross-section of the counterscarp wall is as follows: from the base
of the plinth to the floor of the tunnel (approx. 1.3 m) it has its full thick-
ness, as in the first described section, but from this level onwards, its mass
is dramatically reduced. The original thickness of 1.597 m is suddenly re-
duced to 0.975 m, and remains this way until the height of the vault face
(1.95 m), where the thickness is only 0.694 m. Above this level, the remain-
ing part of the counterscarp wall begins with a height of 2.28 m, which has
a thickness of 0.975 m at the crown, but it is situated in a section formed
by backfills with inhomogeneous compaction and fraction. Moreover, the
main gallery’s own mass also leans against this weakened structure — and
not always in an appropriate way.

The construction stages were the same as described in the previous sec-
tion. In the first stage, the counterscarp wall was erected to the level of the
base of the vault of the main gallery, which approximately corresponded
to the lintel of the loopholes. The second stage, which was partly simulta-
neous, included the construction of the back wall of the gallery up to the
base of the vault. In the third stage, the barrel vault of the main gallery
was built, including the vaulting of the niches, and in the last stage, the
remaining part of the escarpment wall was completed to the height of the
crown.

In this straight section, the profile of the main gallery was narrower,
only 4 feet (1.3 m — authors’ note), with a steady height of 1 fathom (1.95
m — authors’ note). The back wall of the gallery was 2 feet thick (0.65 m
— authors’ note). The gallery vault, like the niche vaults, was only vaulted
into narrow pillars between the niches, creating an extremely overloaded
static element that is also one of the biggest problems of the entire system
today.

The inappropriately designed lean to roof above the vault also signif-
icantly contributes to the overload, transferring the pressure of the soil
directly to the structurally weakest parts. All straight sections of main gal-
leries suffer from this shear load. The result is the systematic tearing away
of entire structural segments and adjacent ramparts of the Terezin fortress.

If we move to other parts of the underground, the profiles of which
were described at the beginning of this text, we will also encounter a num-
ber of recurring problematic elements. One of the most striking are more
recent changes, which, without knowledge of the context and without re-
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spect for the construction logic of the galleries, disrupt their technical and
operational stability — typical examples are sewerage pipes from regular
homes, foundations of modern buildings, and other unprofessional inter-
ventions.

Another factor in the degradation is human activity, namely theft of
the original brick paving stones. In addition to their function of draining
water from the underground, these also had a static significance — they
functioned as spacer elements in the base of the gallery walls. Their remov-
al made these areas much more susceptible to deformation.

We should also mention tree avenues and other vegetation planted
above the underground tunnels. Over the years, the root systems of these
trees grow into underground spaces and disrupt the vaulted structures.
Although the trees get the nutrients they need from them, they tear the
structures linearly and often very vigorously.

The composition of the structural parts of the galleries is also a signif-
icant factor. In sections where the tunnels passed through natural terrain
without significant interference with the original soil and where there is
almost no artificial backfill behind the gallery walls, there has been no
significant degradation to this day. However, the situation is different in
places where the vaults were created above the original terrain level and
were subsequently backfilled, as well as in sections of tunnels that were
later excavated. In these areas, significant technical problems have been
occurring since the first floods, sometimes leading to the collapse of the
arches.

Although mining textbooks repeatedly emphasize that excavated tun-
nels are not suitable due to the laboriousness and, above all, the exility of
the structures in relation to the earth load, this lesson is generally applica-
ble and clearly corresponds to the situation in Terezin.

These faults are mostly due to two complementary factors. The first
is the continuous subsidence of the embankments, which is still visible
today — e.g. in parts of the gallery niches, often clogged with spoil tips,
the deformation is quite obvious. The second factor consists in hydrostatic
and mechanical changes during floods, which cause significant changes
in earth pressures. The fills behave differently from the vegetated terrain:
they exhibit greater expansion and a different degree of cohesion, and they
react completely differently to the presence of the water column, which
leads to sudden and uneven pressures acting on the vaulted areas.

As a result, the vaulted sections and sections situated in purely
load-bearing zones most often collapse. These parts are repaired after
every major flood — and similar failures have become an almost expected
phenomenon nowadays.
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As mentioned, the recurring floods that have hit the fortress through-
out history are extremely burdensome for the entire fortress system — and
especially its underground spaces. In many cases, the tunnels are flooded
to the full height of the profile, which leads to their rapid, significant deg-
radation. It would be desirable to limit the inflow of flood waters into the
galleries, but given the town’s current flood control plan and the technical
condition of entrances and passages, this is not within human or technical
capabilities.

Although underground passages are currently being repaired after re-
cent floods, we should mention one more significant factor that further
worsens their condition. The physical and static phenomena described
above cannot be changed, but their effect is amplified by vibrations from
surface transport — especially in sections adjacent to the roads at the Li-
tomeéftice and Bohu$ovice Gates. It is here that even newly repaired parts
of the underground degrade very quickly, as vibrations disrupt the vaults,
fillings and repaired masonry.

Last but not least, there is a lack of regular and systematic maintenance
by the owner, who should continuously replenish fallen bricks, re-grout
the necessary sections, monitor the extent and development of defects,
limit recent, uncontrolled entrances to the galleries (e.g. sewer drains or
foundation structures), remove vegetation root systems, remove collapsed
parts of niches and repair them with suitable new materials, and fulfil the
function of floor spacers and stabilisation layers. It is also essential to cre-
ate a detailed asset registry of the entire system and a subsequent schedule
of regular maintenance and planned repairs.



ey

Following modern floods, several galleries Restoration of a level 1 mine branches during repairs
collapsed and were slated for reconstruction. These following the 2013 flood (J. Hofman).

incidents have provided valuable insights into the

original construction principles, stratigraphy, and

building techniques. This section illustrates both

the construction and repair process via open-cut

excavation. Repair of the collapsed main gallery

following the 2013 floods using surface excavation

(J. Hofman).

Surrounding soil collapsed through the missing Galleries are susceptible to pressure fluctuations from
masonry infills of the recesses into the mine galleries various external factors, leading to recurring defects that
during the 2013 floods (R. Gazsi). can result in structural collapse — repair of a level 1 mine

branches following the 2013 floods (J. Hofman).
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Conclusion



e The analysis of the development of the Terezin underground coun-
ter-mine system clearly demonstrates that its current form is the result of
a multi-stage construction genesis that reflected both the fortification prin-
ciples of the time and the specific conditions of the location. The oldest part
in the forefield of the fortress was completed in 1783, but it was largely de-
stroyed by floods a year later. This is why a large part had to be rebuilt from
scratch. But work continued even after the completion of Terezin in 1790.
Only the extension of the listening galleries and the expansion of the mine
branches with chambers were carried out. This alone added approximately
3.5 kilometres to the system. The necessary repairs and maintenance of the
corridors — especially after damage caused by floods — were even more
significant. To this day, the individual stages of construction determine both
the morphology of the system and its current static behaviour. Different
technological procedures used in different parts of the complex are now
reflected in the varying levels of structural stability; the most vulnerable
sections are backfilled sections above the original terrain level.

From a structural and functional point of view, the Terezin system is
a unique system of European significance. Its elaborate structure, incorporat-
ing all the fully developed elements of an underground counter-mine system
of the 18th and 19th centuries, reflects the peak stage of development of for-
tification engineering of this period. The concept follows the most important
European schools of mining, and the Terezin system is not only an example
of the application of the theories of the time (Vauban, Belidor, Schroder),
it also develops these concepts further with its vastness and complexity. In
the context of Central European fortifications, this is exceptionally valuable
proof of the technological adaptability of the Habsburg fortification school.

These facts also underline the monumental and technical/historical sig-
nificance of the system. The Terezin underground system is a unique mate-
rial testimony to the development of military construction, but also a spe-
cific document on the concept of the defence of northern Bohemia after
the loss of Silesia and Klodzko. However, its value is threatened by accu-
mulated degradation phenomena: subsidence of fills, hydrostatic changes
caused by floods, destructive effects of vegetation and vibrations from sur-
face transport, a number of unprofessional recent interventions and, last
but not least, neglected maintenance. Preserving the system is therefore
not just a matter of random maintenance or emergency repairs, it requires
comprehensive, methodical and long-term planned intervention, along
with a detailed asset registry and coordinated care for individual structur-
al units. This is the only way to ensure that this extraordinary engineering
complex, significant technical monument and exceptional example of Eu-
ropean fortification architecture, is preserved for future generations.
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Underground
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fortress — history,
functions,
problems
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