GEOLOGIJA 68/2, x-xxx, Ljubljana 2025

Reports and More

From Point Clouds to CAD Objects: Workflow manual accompanying the case study
of the Sabereebi Cave Monastery, Georgia

Gisela DOMEJ! & Kacper PLUTA?

!Geoloski zavod Slovenije, Dimiceva ul. 14, 1000 Ljubljana, Slovenija; e-mail: gisela.domej@geo-zs.si
2Université Gustave Eiffel, CNRS, LIGM, 2 bd. Blaise Pascal, 77454 Marne-la-Vallée, France; e-mail: kacper.pluta@esiee.fr

Geotechnical stability models of the Sabereebi
Cave Monastery

For the underground Sabereebi Cave Monas-
tery a comprehensive analysis of static stabili-
ty was conducted (Domej et al., 2022a; reprints:
Domej et al., 2022b, 2022¢; Pluta & Domej, 2021).
Caverns, chapels, and churches were carved into a
five-layered sequence of weak sedimentary rock—
all of which bear a considerable failure potential
(Fig. la=b, Fig. 2a—d).

Based on point cloud data from drone photo-
grammetry as well as from laser scanners ac-
quired in- and outside the caves, a 3D geometry
was established which was then used for static
elasto-plastic stability models (Fig. 3).
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Fig. 1. The Sabereebi Cave Monastery (a) in the Kakheti Region of Eastern Georgia (b). The representation of the map of Georgia does not

Besides the goal of assessing various geome-
chanical scenarios through numerical modelling,
the case also led to the development of a pilot
scheme of numerical model compilation for very
large structures without compromising on mor-
phological details, which are most critical for
stress concentration and failure.

Workflow manual accompanying the case study

As a matter of custom, the main article (Domej
et al., 2022a) does not contain details on the model
compilation, hence, the phase of processing point
clouds of the caves and the slope into high-resolu-
tion CAD objects which — as composite — consti-
tute the base for the numerical model.
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However, since the transformation of a point
cloud into a CAD object is not trivial, we have
provided a step-by-step workflow manual for the
employed software chain, whose only purpose is
to share an efficient procedure. It is designed for
a point cloud recorded by a laser scanner inside
one of the caves resembling a church with several
niches and passages to the outside of the hill slope
(Figs. 4 and 5). Following our procedure is, there-
fore, recommended only for similar projects.

The workflow manual was initially made avail-
able at ResearchGate with the former affiliations
of the authors:

Domej G., Pluta K., 2020. From Point
Clouds to CAD Objects: Overview on a case
study. Workflow description for open source
use, ver. 1, 21 p. http://dx.doi.org/10.13140/
RG.2.2.11452.67208

Fig. 2. Fractures at the entrances and in cave 2 (a), in cave 4 through a religious fresco monitored by an extensometer (b), in cave 4 next to
traces of vandalism (), and in cave 5 (d). The black arrow points outwards (Domej et al., 2022a).
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Fig. 4. Envelopes for cave 1 derived from point clouds. The approximate numbers of vertices (per point) for the creation of mesh envelopes
are given in thousands. Abbreviations are as follows: d — doors, t — tunnel, and w — window (Domej et al., 2022a).
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Fig. 5. Cave structure from the front and the back side as point cloud and NURBS (Non-Uniform Rational Basis Splines (Domej & Pluta,

2020).

Acknowledgements

We express our acknowledgement to Romain
Carriquiry Borchiari from Ubisoft Film & Televi-
sion, Montreuil, France, for assistance and advice
with the software Houdini.

Funding

The project was conducted within the frame-
work of “Multidisciplinary Survey and Monitoring
of the Gareja Rock Cut Complex, the Monument
of National Value” funded by the National Agency
for Cultural Heritage Preservation of Georgia and
managed by the Ilia State University, Georgia, to-
gether with the Italian Institute for Environmental
Protection and Research, Italy, and the support of
the University of Milano-Bicocca, Italy. Data used
in this work was jointly acquired and, accordingly,
belongs to all three institutions.

The presented workflow was created inde-
pendently; it is not part of a funded project.

References

Domej, G. & Pluta, K. 2020: From Point Clouds to
CAD Objects: Overview on a Case Study. Work-
flow description for open source use, 1: 21 p.
https://doi.org/10.13140/RG.2.2.11452.67208

Domej, G., Previtali, M., Castellanza, R., Spizzich-
ino, D., Crosta, G.B., Villa, A., Fusi, N., Elash-
vili, M. & Margottini, C. 2022a: High-resolu-
tion 3D FEM stability analysis of the Sabereebi
Cave Monastery, Georgia. Rock Mechanics and
Rock Engineering, 55: 5139-5162. https://doi.
org/10.1007/s00603-022-02858-z

Domej, G., Previtali, M., Castellanza, R., Spiz-
zichino, D., Crosta, G.B., Villa, A., Fusi, N,,
Elashvili M. & Margottini, C. 2022b: Re-
print (1/2): High-resolution 3D FEM sta-
bility analysis of the Sabereebi Cave Mon-
astery, Georgia. T'eomndo, 2022/10:22-32.
(in Russian) https://www.researchgate.net/
publication/383870570_RUSSIAN_COPY_
part_1_High-Resolution_3D_FEM_ Stabili-
ty_Analysis_of_the_Sabereebi_Cave_Mon-
astery_Georgia


https://www.researchgate.net/publication/345344177_From_Point_Clouds_to_CAD_Objects_Overview_on_a_case_study
https://doi.org/10.13140/RG.2.2.11452.67208
https://doi.org/10.1007/s00603-022-02858-z
https://doi.org/10.1007/s00603-022-02858-z
https://www.researchgate.net/publication/383870570_RUSSIAN_COPY_part_1_High-Resolution_3D_FEM_Stability_Analysis_of_the_Sabereebi_Cave_Monastery_Georgia
https://www.researchgate.net/publication/383870570_RUSSIAN_COPY_part_1_High-Resolution_3D_FEM_Stability_Analysis_of_the_Sabereebi_Cave_Monastery_Georgia
https://www.researchgate.net/publication/383870570_RUSSIAN_COPY_part_1_High-Resolution_3D_FEM_Stability_Analysis_of_the_Sabereebi_Cave_Monastery_Georgia
https://www.researchgate.net/publication/383870570_RUSSIAN_COPY_part_1_High-Resolution_3D_FEM_Stability_Analysis_of_the_Sabereebi_Cave_Monastery_Georgia
https://www.researchgate.net/publication/383870570_RUSSIAN_COPY_part_1_High-Resolution_3D_FEM_Stability_Analysis_of_the_Sabereebi_Cave_Monastery_Georgia

40f4

Domej, G., Previtali, M., Castellanza, R., Spiz- publication/383870576_RUSSIAN_COPY_
zichino, D., Crosta, G.B., Villa, A., Fusi, N, part_2_High-Resolution_3D_FEM_ Stabili-
Elashvili, M. & Margottini, C. 2022c: Re- ty_Analysis_of_ the_Sabereebi_Cave_Mon-
print (2/2): High-resolution 3D FEM sta- astery_Georgia
bility analysis of the Sabereebi Cave Mon-  Pluta, K. & Domej, G. 2021: From Point Clouds
astery, Georgia. T'eoundo, 2022/11: 24-38. to Surfaces: Overview on a Case Study. EGU
(in Russian) https://www.researchgate.net/ General Assembly 2021, Vienna. https://doi.

org/10.5194/egusphere-egu21-1523


https://www.researchgate.net/publication/383870576_RUSSIAN_COPY_part_2_High-Resolution_3D_FEM_Stability_Analysis_of_the_Sabereebi_Cave_Monastery_Georgia
https://www.researchgate.net/publication/383870576_RUSSIAN_COPY_part_2_High-Resolution_3D_FEM_Stability_Analysis_of_the_Sabereebi_Cave_Monastery_Georgia
https://www.researchgate.net/publication/383870576_RUSSIAN_COPY_part_2_High-Resolution_3D_FEM_Stability_Analysis_of_the_Sabereebi_Cave_Monastery_Georgia
https://www.researchgate.net/publication/383870576_RUSSIAN_COPY_part_2_High-Resolution_3D_FEM_Stability_Analysis_of_the_Sabereebi_Cave_Monastery_Georgia
https://www.researchgate.net/publication/383870576_RUSSIAN_COPY_part_2_High-Resolution_3D_FEM_Stability_Analysis_of_the_Sabereebi_Cave_Monastery_Georgia
https://doi.org/10.5194/egusphere-egu21-1523
https://doi.org/10.5194/egusphere-egu21-1523



