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Neuber’s tower

1981 collapsed!




Solitary (lone-standing) rock towers



Doga Tower

Potential rock collapse hazard
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Homole cukru

(“Sugar cone*)
lone-standing rock
tower

- overhanging walls
- height: 23 m
- calculated volume: 864.5m3

- Adrspach rocky town
- Cretaceous Teplice sandstone formation
- ,,CHKO Broumovsko“ protected area
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Homole cukru
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- overhanging walls
- height: 23 m
- calculated volume: 864.5m3

- Adrspach rocky town
- Cretaceous Teplice sandstone formation
- ,,CHKO Broumovsko“ protected area
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EVALUATION of the
ROCK TOWER
STABILITY

Stability computation on
the 3-D ground based
LiDAR DEM
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EVALUATION of the
ROCK TOWER
STABILITY

Stability computation on
the 3-D ground based
LiDAR DEM
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...the above-ground part of the rock only !!!
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EVALUATION of the
ROCK TOWER
STABILITY

Stability computation on
the 3-D ground based
LiDAR DEM

& o

...the above-ground part of the rock only !!!

Underground information on the tower root
and bedrock needed!
(in a non-destructive way)
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Geophysical
survey

ERT

(2-D measurement /

3-D inversion)
ARES resistivity system
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Geophysical
survey

GPR

3-D georadar

(100 and 250 MHz)
Malda RAMAC system X3M
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Geophysical
survey

SSR

Shallow seismic refraction

GEODE
seismograph
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e RESULTS
2-D ERT

6 longitudinal profiles
| -

4 perpendicular profiles

Homole14ws

Homole11ws

e e

.. Homole13ws

o Elacnan Spriog - 4590 .
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RESULTS

extended ERT measurement 2-D ERT

Elevation

5.00- Model resistivity with topography

Iteration 5 RMS error = 1.9

0.000

0.01

-5.00

-10.01

-15.01

2007 - ] [ [ ) [ O B .
67.7 129 246 468 890 1696 3230 6150

Resistivity in ohm.m

Unit Electrode Spacing = 2.00 m.

Horizontal scale is 27.32 pixels per unit spacing
Vertical exaggeration in model section display = 1.00
First electrode is located at 0.0 m.

Last electrode is located at 94.0 m.

... solid bedrock existence confirmed!
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homole, Profile #1
Model resistivity with topography
Iteration 5 RMS error = 2.7
Elevation
¥ . T L .

1.00-

NN BN N . T O O O ) O O -
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Resistivity in ohm.m
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Y Layer 1, Depth: 0.00-0.25 m.
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the rock tower root
position

¥ Layer 5, Depth: 1.25-1.69 m.

X
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10 30 50 70 90 11 13 15 17 19 21 23

Y Layer 9, Depth: 3.43-4.20 m.

3.5+

X
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RESULTS
3-D ERT

¥ Layer 7, Depth: 2.19-2.77 m.
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¥ Layer 11, Depth: 5.08-6.09 m.

]

X

10 30 50 70 90 11 13 15 17 19 21 23



EU Project no. 100606078 * Zavérecné setkani * November 25, 2022, Litomérice, Czechia

RESULTS

homole, Profile #1

Model resistivity with topography

Iteration 5 RMS error = 3.2
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RESULTS

ERT measurements

tievauon

tivity model

inverse resis
20.0

ERT

Model resistivity with topography

Iteration 5 RMS error = 3.2

e

v/\

GPR radargram (ant. 250 MHz)
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Kobyla rock
tower

2D ERT

- Kobylatws / Kobyl 1:08:00
Elevation Model resistivity with topography by by

328 lteration 5 RMS error=2.9

326

3244

3201

318

3161

N B BN N N T [ O T ] O T .
3144 1138 1763 2730 4229 6549 10143 15709 24329
Resistivity in oshm.m

Unit Electrode Spacing = 1.00 m.

Horizontal scale is 25.49 pixels per unit spacing
Vertical exaggeration in model section display = 1.00
First electrode is located at 0.0 m.

Last electrode is located at 47.0 m.
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Kobyla rock
tower l

0 5 4 N . - |

Res. 2[Qfm.m]

Res.3[0hm.m]
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Geophysical
survey

ERT measurements

Kobylatws / Kobyla
Model resistivity with topography
Heration § RMS error =29

- (=] -
138 4763 2730 4229 6549 10143 16709 24329
Resistivity in ohm.m

Unit Electrode Spacing = 1.00 m.

GPR radargram (ant. 250 MHz)

play = 1.00
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Geophysical
survey

A new challenge
arised!

ERT measurements

Kobylatws / Kobyla
Elevation  Model resisthity vith topography o o
3287 heration 5 RMS error =29

326

324

322

320

318

316

- (=] -
a1l 3 763 2730 4229 6549 10143 16709 24329
Resistivity in ohm.m

Unit Electrode Spacing = 1.00 m.

= i g R e b
H I scale is 25.49 s it
LR GPR radargram (ant. 250 MHz)
First electrode is located at 0.0 m.
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Geophysical
survey

How to measure
the rock tower
itself?!

ERT measurements

Kobylatws / Kobyla
Elevation  Model resisthity vith topography o o
3287 heration 5 RMS error =29
226
800
-

322

320

318

316

- (=] -
a1l 3 763 2730 4229 6549 10143 16709 24329
Resistivity in ohm.m

Unit Electrode Spacing = 1.00 m.

H le is 25.49 s

Varical axsggrtinn ol o ey - 100 GPR radargram (ant. 250 MHz)
First located at 0.0 m.

Uoot aecods s located £ 410
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Res 1[Ohm.m]
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Res 1[0hm.m]

0s

00T
0SsT
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2DCMD -

measurements =

,Feet-on-ground“ measurement

Applicable only for ,,from-ground“ measurements or testing the method
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2D GPR

measurements
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2 D G P R measurements
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2 D G P R measurements
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2 D G P R measurements
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Conclusions (proof of concept)

- Both method can bring valuable information on the rock properties
- Applicable with certain limitations

Future Prospects

- Development of the measurements methodology
(measurement geometry, parameters, adjustments)

- Interpretation of the measured data sets, connections to the water content




