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Figure 1-1
Tunnelling machine by H.-J. Maus, Mount Cenis tunnel, 1846 [159]

Figure 1-2
First tunnel boring machine by C. Wilson, Hoosac tunnel, 1853 [127]
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Figure 1-3
Further developed TBM by C. Wilson,
U.S. patent No. 17650, 1875 [159]
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Figure 1-4
Tunnelling machine with drilling head and swinging cutting arms from E. Talbot, U.S. patent No. 9774,
1853 [159]
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Figure 1-5
Tunnelling machine by Cooke and Hunter, U.K. patent No. 433, 1866 [159]

Figure 1-6
Tunnel boring machine by Beaumont, U.K. patent No. 4166, 1863 [159]
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Figure 1-7
Tunnel boring machine by Beaumont/English, � 2.13 m, Channel Tunnel, 1882 [159]
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Figure 1-8
Gallery driving machine “Eiserner Bergmann” 1916/17 from Schmidt, Kranz et al. [145]

Figure 1-9
Gallery cutting machine from Schmidt, Kranz et al., � 3 m, 1931 [114, 145]
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Figure 1-10
Tunnel boring machine by Whitaker, � 3.6 m, 1922 [72]

Figure 1-11
Tunnel boring machines from Robbins [125]
a) First Robbins TBM, model 910-101, Oahe Damm, � 8.0 m, 1953
b) First modern gripper TBM von J.S. Robbins, model 131-106, Humber River

sewer tunnel (Toronto, Canada) � 3.27m, 1957 (Robbins)
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Figure 1-12
First European developments of tunnelling machines [170]
a) Wohlmeyer gallery cutting machine SBM 720

(Österreichisch Alpine Montan-Gesellschaft), � 3 m, 1958
b) Tunnel boring machine SVM 40 (Bade), operating in coal mining industry, � 4 m, 1961
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Figure 1-13
Special types of Wirth Tunnel boring machines [182]
a) Inclined heading TBM TB II-300 E Emosson pressure tunnel, � 3 m, 1968 (Wirth)
b) Enlargement TBM TBE 770/1046 H Sonnenberg tunnel, � 7.70 m/10.46 m, 1969 (Wirth)
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Figure 1-14
Tunnel boring machine with shield
a) Single shield TBM, Gubrist tunnel, � 11.50 m, 1980 (Locher/Prader [144])
b) Double shield TBM 144-151, Sila pressure tunnel, � 4.32 m, 1972 (Robbins [52])
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Figure 1-15
Postulated innovation path
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