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[2] Arvantides, N.; Heldal, T.; Draft Report: State of The Art, Ornamental Stone Quarrying in Europe.

[3] Bahri, Maziyar & Ghasemi, Ebrahim. (2016). Applicability of underground mining methods in natural stone mines.

[4] Ashmole, 1., & Motloung, M. (2008). Dimension stone: the latest trends in exploration and production technology. In Pro-

ceedings of the International Conference on Surface Mining (pp. 5-8).

[5] Daniel,P.,Careddu,,N.; Underground mining inperspective http://www.litosonline.com/en/articles/en/126/undergroundmin-

ing-perspective

[6] Godden, M. (2015). Portland’s Quarries and its Stone.

[7] Kortnik, J. (2015). Stability Assessment of the High Safety Pillars in Slovenian Natural Stone Mines/Ocena Stabilnosci

Wysokich Filarow Bezpieczenstwa W Kopalniach Kamieni Naturalnych W Stowenii. Archives of Mining Sciences, 60(1), 403-417.

[8] Kaliampakos, D. C., & Mavrikos, A. A. (2006). Introducing a new aspect in marble quarry rehabilitation in Greece. Envi-

ronmental Geology, 50(3), 353-359.
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Kun, M., Tufan, B, & Kun, N. The Applicability of Underground Mining Methods in Limestone Quarries of Western Taurus [11]
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[3]Rieben, E. H., (1955), “The Geology of the Tehran Plain”, Am. J. Sci. Vol. 253, pp. 617-639.

[4]Broms, B. B. and Bennermark, H. (1967) Stability of clay in vertical openings, J. Soil Mech. and Found. Div., ASCE, 93 71-~~4.

[5] Attewell, P. B. and Boden, B. (1971) Development of stability ratios for tunnels driven in clay, Tunnels and Tunnelling 3 195-

198.
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[6] Technical Manual for Design and Construction of Road Tunnel — Civil Elements, Publication No. FHWA — NHI — 10 — 034,
December 2009.

[7] Myers, A, John, M, Fugeman, I, Lafford, G, Purrer, W. Planung und Ausfuhrung der britischen Uberleitstelle im Kanaltunnel.
Felsbau 9, Nr. 1, 1991.

[8] Muller, L., Fecker, E. (1987) Grundgedanken und Grundsatze der “Neuen Osterrreichischen Tunnelbauweis”. Felsmechanik
Kolloquium Karlsruhe, Trans Tech Publ., Claustal.

[9] Brinkgreve, R. B. J., Vermeer, P.A. (2001), Manual of Plaxis 3D Tunnel. Rotterdam: A.A. Balkema.
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Evolution of mining technology

Decline in “easy” resources, change in New mining methods based on robotics

environment: pectations, one or two . .
trail blazers willing to take the risk. » (On the drawing board: sub-economic resource
=2010s - becomes viable, resource recovery improves)
""_d}‘:s!'ii f“‘ddb““kcrs 3""‘“’":‘_’}" New concept machines built for
OIS SOE Preparerio Ko o # automated environments
processes - operators comfortable e S
with automation =2000s (In the pipeline: costs fall, productivity improves)

Eapged (prac kel computens Existing machines are automated

navigation instruments (Lasers
SnATNG) and wide band = (Gaining acceptance: operators supervise
communications (WiFi) =1990' productivity improves)
Technology
Adequate UHF radio Remote and teleremote control progress
communication and leaky S|  (Now accepted; operators removed from hazards,
feeder antennas =1980s but productivity often suffers)

Mechanization

(Manually controlled mobile
machines - trucks and drills etc.)

Powered hand tools
(e.g. compressed air drills)
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6evelopment steps towards the Intelligent Mine\ Sne
A [ Intelligent mine
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I\ @ Process-like production

/ \ © Unmanned production process A— _ . _
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[ Mine in real-time | |

@ Partial information network

@ Automatic processes ~
®Production control system /
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Level of automation

@ Highly mechanized machines
@ Some automated process
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