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GLOSSARY

Geometric parameters
D (m) Tunnel diameter

C (m) Overburden thickness

H (m) Depth of the tunnel axis

d (m) Length of the unsupported span

Geological, hydrogeological and geotechnical parameters
Hw (m) Height of water in relation to the axis of the tunnel

k (m/s) Ground permeability coeffi cient

γ (kN/m³) Moist soil unit weight

γ’ (kN/m³) Soil unit weight under buoyancy

Cu (kPa) "Undrained" cohesion of the soil

c’ (kPa) Effective cohesion of the ground

φ’ (°) Internal friction angle of the ground

Parameters related to boring and neighbouring structures
EPBS Earth pressure balanced shield

SS Slurry shield

σs (kPa) Surface pressure

σT (kPa) Pressure exerted on the face (assumed constant)

σT-eff (kPa) Face pressure value to be exerted to prevent its collapse

Vavct (m/h) Advance speed of the face
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APPENDIX:
FACE STABILITY EXAMPLES

Tunnel name: Schirmeck (France)

Tunnelling method: conventional

Year: 2004

Nature of the ground:
Transition zone between (i) a highly fractured rock facies, moderately 
altered, rather dry, and (ii) a second very highly fractured and 
completely altered facies, with fairly signifi cant  water infl ows.

Observations and adaptation of support methods: 
At PM 218, at the end of mucking, the face collapsed over almost its 
entire width according to a fracturing plane with a dip of around 45° 
in the direction of the tunnel. The total volume of the collapse was 
about 100 m3 (Figure a).
Tunnelling continued after stabilising the face with 28 m³ of sprayed 
concrete and 30 4-meter long longitudinal expansive bolts.
Given the precarious stability conditions observed, front bolting 
using 4-meter long longitudinal expansive bolts was systematically 
applied up to PM 465. This prevented the emergence of a new global 
instability mechanism, but local instabilities persisted, such as that 
at PM 235 visible in Figure (b).

Overall implications for the project:
The total duration of the boring and support work was about twice 
as long as expected. This is related in particular to the increase 
in the length of tunnel with steel arches (to the detriment of 
a bolted profile), naturally accompanied by a larger sprayed 
concrete thickness. The use of more face bolts also contributes to 
this, but this cannot be quantified precisely.

(a) Collapse of the face at PM 218.

(b) Localised side wall collapse
of the face at PM 235.

Some examples are presented in the following tables. If you have any additional examples, please send them in a similar format to 
ggd.cetu@developpement-durable.gouv.fr so that they can be included in a future update of this information document.
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Tunnel name: Bois de Peu (France)

Tunnelling method: conventional

Year: 2006

Nature of the ground:
Wet clays.

Observations:
Three major face collapses, with a volume of more than 50 m³, 
occurred at MP 518, 515 and 510 of the counter-boring of the descending 
tube under an overburden thickness of about ten meters. The fi breglass 
bolts, installed at the face with a density of 0.25 bolts per m², did 
not prevent the face instabilities, which did not, however, spread to 
the surface due to the umbrella vault initially installed.

Reinforcement and adaptations in methods:
Boring continued but was done in separate sections (top heading 
and bench) for about fifteen meters, until the shear strength of 
the ground improved.

Implications for the project:
Increase in the duration of the work by about 1 month, and an 
additional cost of about 500 k€ ex. tax according to the fi nal general 
cost calculations for the works contract.

View of the face after one of the collapses.
The face bolts as well as the umbrella vault are clearly visible.

© Nicolas Dupriez, DDE 25.

Tunnel name: Porto (Portugal) metro

Tunnelling method: pressurized face TBM (earth pressure)

Year: 2001

Nature of the ground:
Mixed and heterogeneous face composed of unaltered granites in 
the lower part of the face, and highly altered granites in the upper part.

Observations:
Three local instabilities observed during the boring of the fi rst 
600 m of metro line C, including one leading to a sinkhole causing 
the collapse of a building and the death of a resident. This sinkhole 
appeared about 30 m after the passage of the face. This was caused 
by the over-excavation of the upper part of the face, linked to the 
contrast in the strength between unaltered and altered granites 
and by an initial diffi culty (technical and organizational) in ensuring 
a full and pressurized chamber.

Reinforcement and adaptations in methods:
Following this accident, the conditioning was reviewed, construction 
crews were strengthened, monitoring procedures were revised, 
and the TAP (Tunnelling Advance Plan) for each 500 m section was 
introduced for the fi rst time. In addition, a pressurized bentonite 
injection system was added to the TBM. This was triggered 
automatically when the pressure measured at the crown of the 
working chamber fell below a preset value. No other sinkholes were 
encountered during the remaining work on the C line and S line.

Implications for the project:
The death of a third party necessarily had a very negative impact on 
the start of this project. The corresponding fi nancial consequences 
have not been published. The project was delayed by about 6 months.

(a) Sinkhole appeared on the surface.

(b) Longitudinal section illustrating the mixed face encountered, 
and the complementary system for injecting bentonite at

the crown which was added following the collapse.
Reference : Grasso et al. (2003),

Viana Da Fonseca & Topa Gomes (2011).
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Tunnel name: Rennes metro (France)

Tunnelling method: pressurized face TBM (earth pressure balanced shield)

Year: 2016

Nature of the ground:
Shale, which was more or less altered.

Observations:
Several surface sinkholes were generated when boring this metro 
line. These include the one of about 20 m² and at least 3 m deep 
generated in the Noz store. These sinkholes are linked to the 
very particular structure of the rock mass, consisting of steeply 
inclined banks (70°), whose discontinuities tended to open and 
be lubricated under the effect of the confinement pressure.

Reinforcement and adaptations in methods:
During construction, a bentonite injection system (integrated 
bubble) was added to the tunnel boring machine, and monitoring 
of the confinement pressure was increased, ensuring that it was 
not too high.

Implications for the project:
The TBM was stopped for 133 days, costing an additional €10 million.

Photograph of the sinkhole that appeared in the Noz store.
It has a surface area of about 20 m² and is 3 m deep.

Three people fell into this sinkhole, but were able to get out
of it without serious injury.

© Journal Ouest-France dated 2016/11/19.
Reference: tunnelling sheet for AFTES GT4 n°126, TES n°274.

Tunnel name: Nice metro (France)

Tunnelling method: pressurized face TBM (slurry shield)

Year: 2017

Nature of the ground:
Mixed subsidence composed of undulating ground (limestone and 
puddingstone) and soft ground (sand and pebbles).

Observations:
Several sinkholes developed on the surface, including one 
approximately 6 m in diameter and 1.5m in depth, in the middle 
of the rue de France. The latter did not cause any damage to the 
neighbouring buildings nor any traffi c accident. This sinkhole was 
caused by the TBM encountering an old cavity fi lled with construction 
materials, notably steels stuck in the cutter head, with a loss of 
pressure in the working chamber.

Reinforcement and adaptations in methods:
Injections were carried out over fi fteen meters around the sinkhole 
to improve the stability of the ground, then the cutter head was 
released, enabling tunnelling to be resumed.

Implications for the project:
Work stoppage of about 1.5 months.

Photograph of the sinkhole in Rue de France.
© Patrick Allemand.

Reference: Batiactu.com, 2017/07/05 and 2017/08/25.
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