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13 3. Geological section and tunnel alignment
(as planned)
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I8 4. Strata adjacent to the main Channel Tunnel
tunnelling horizon

33 6. Detailed geological section
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H 1. Geological formations

pper Cha
Middle Chalk 80 70 White marly chalk, some flin'ts in ulpper part.
Hard Melbourn Rock 15m thick at its base
80 68 Top: White Chalk-soft yellow white chalk with
(19) (15) 2m thick Plenus Marl at top of stratum
21) (26) Middle: Grey Chalk-grey marly chalk with 2m
Lower Chalk thick Bed 7 near top(gritty chalk with shells)
(35) (25) Lower: Chalk Marl-grey chalky marl
(5) 2) Base: Glauconitic Marl-marly sands; sometimes
with basal layer of cemented sandstone
Gault Clay 42 15 Grey-blue calcareous clay/mudstone
Lower Greensands 2b 15 Alternating weakly cemented sands cind clays

¥ 2. Typical geotechnical parameters adopted for design

Coniacian 195 3 2,000 1 10°
Turonian O and N’ 19.5 3 2,000 1 10°
Turonian L and M’ 23 6 1,500 1 3 x10°

White Chalk 215 10°

Grey Chalk

PK-0.2-1 225 9 2,000 15 10°®

PK1-8.5 225 9 1,500 1.5 5x10°
PK 8.6-16.3 225 9 1,300 1.5 1~B6x10°
Craie Blue
PK-0.2-1 235 9 1,500 1.5 - B5x107
PK1-8.5 235 9 1,500 1.5 5 x107
PK 8.5-16.3 22 5~23 6~9 900~1,300 1.5 1~2x107
Crossover 23 9~12 2,300~4,000 17 3x10% ~3x10”
Tourtia 235 5 900 1.5 5x107
Gault Clay 21.6~22 1.8 200 2.1 - 10°

% a B is corrected to the very long term moduius by
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¥ 3. Channel Tunnel-alignment boreholes

FEdHHAAE 27] 37 79 5 Unit 2, Unit 3,
Unit 42 Uro] A o) g,

1958~1959 | 3 5 3 1
1962~1965| 14 32 41 10 ‘ .
1972~1974| 8 9 7 - x : : X
1986~1987 . oo x
(Phase 1) 19 3 9 15 4( : // ki

1988 L7 L .
(Phase Il) ® 2 j v

Total 44 54 62 26 \ L e Crmes T e |
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HAAAFH O 2= Reflection seismic surveys,
Hydrophone surveys, Continous velocity log, Sonic
log, Sonic amplitude log, Gamma log, Neutron log,
Resistivity, Spotaneous potential, Verticality
(inclinometer) test, Caliper log, Packer permeability

test, Dilatometer test, In—situ masuring test 5°] 4
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I3 7. Location plan of boreholes used to define
geotechnical units 2 to 4
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B 4. Cross channel properties for the principal geotechnical properties of the Gault Clay,
Glauconitic Marl and Chalk Marl

Gault Clay
2 19.8+3.0|17.3£0.8, 3.7x24 340+177 | 1852180 | 2142+153|77.3+21.1(49.6=18.6
3 19.3+3.1|17.3£1.2] 156=x1.1 428+160 | 21681375 | 2344+318|67.1+14.6(42.4£12.2
4 19.6+4.7117.3+1.4129(0.1-238) | 567+202 | 1960+565 | 2372£289(68.0+ 6.1143.2+ 6.1
Glauconitic
Marl
2 12.2£2.71206x£1.1| 4.7+3.7 | 1404+1308 | 2296+446 | 2696312
3 10.7+£3.2120.8%x15| 4.2+34 805+700 | 2339+662 | 26311443
4 9.1+£3.9 |21.4+1.7| 6.3+44 1378170 | 2607£504 | 28151414
Chalk Marl
2 13.3+3.919.6+1.4| 5.9+25 [643(148-4200)| 24451269 | 2623311
3 10.7+£3.3{20.3+1.4| 7.4+45 1870750 | 2612+450 | 2840+£313
4 9.2+2.2 121.0+£1.1| 9.343.7 1116+390 | 2773+277 | 2960+£224




Depth Beiow Sec Bed {m)

13 8. Range of probable Ko values transverse to
cavern longitudinal axis
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(@) train speed and traction power

(b) ventilation and cooling in tunnel

(©) running tunnel diameter, aerodynamic effects
and piston relief ducts

(d) wagon design, including wheel design and
passenger comfort

(e tunnel gradients Items(a) to (d) were
considered to be interrelated)

(/) tunnel lining design

(@) tunnel earthing and bonding

(b) system control and communications

(i) track form

() overhead current collection

(k) number, location and construction of tunnel
crossovers

() shuttle lengths, weight and composition,

Eu7lg

including numbers of rolling stock
(m) service tunnel trénsport systems for both
normal in—service and emergency access
/evacuation
(n) UK Terminal layout including free exit and
integration with British Rail and the road
network
(0) French Terminal layout and integration with
French National rail and the road network
(p) maintenance layout
(g) geotechnical investigations for terminals and
tunnels

(1) safety
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RUNNING TUNNEL NORTH MARINE RUNNING TUNNEL SOUTH MARINE
A Platen Relief Duct. at 250 metre Intervals RUNNING TUNNELS
B: Piston Relief Damper : Cooling water pipes flow and return

1
C: Running Tunnel North Marine 2: Fireman 100NB (125m each side of cross—
D: Typical Cross Passage with Bulkhead Door 3: Catenary tensioning weight (2 No. every 1.2km)
E: Marine Service Tunnel 4: Tensioning weight pulleys every 1.2 km)
F: Typical Technical Room 5: Catenary equipment {every 27m)
G: Running Tunnel South Marine 6: Leaky feeder
H: Euroshuttle 7: Main lighting
J: British Rail Train 8: 2 X 20 KV cables
K: Serve Tunnel Transport System 9: 1 X 3.3 KV cables

10: Low voltage cables

SERVICE TUNNEL 11: Signalling cables

17: Drainage pipes 400NB 3 off + 1(future) 12: Phase 1 track concrete & drainage
18: Firemain 13: Walkway concrete

19: Firemain 250 NB (future) 14: Phase 2 trackbase concrete

20 20KV/3.3KV & other supply cables 15: Precast walkway units

21: Leaky feeders 16: Track blocks

22: Control & Communication cables
23: Main lighting push buttons. (both sides)
25! Main lighting

33 9. Typical cross—section through the UK marine tunnels.
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H 5. Summary of drive data{(UK)

TBM manufacturer Howden Robbins oboins Howden Howden Howden
~-Markham -Markham

TBM cost (million £) 4.82 9.27 9.27 4.82 8.03 8.03
Cut diameter (m) 5.38 8.36 8.36 5.76 8.72 8.72
Shield length (m) 13.62 14.11 14.11 13.562 14.03 14.03
Segment thickness (m) 0.27 0.27/0.36 0.27/0.36 0.41 0.54 0.54
Ring length (m) 1.5 15 1.6 1.5 1.5 1.6
Driven distance (m) 21,770 17,651 18,803 7,930 7,911 7,859
TBM Availability (%) 73.4 65.4 71.7 67.2 77.6 81.9
TBM utilization (%) 50.0 - 43.4 48.1 493 47.0 55.3
Best shift (hours), m 24 30, 30 21 21 25.5
Best week (m) 293 409 426 267 308 320
Aaverage rate(m/week) 142 156 179 137 134 151

E 6. Summary of drive data(France)

TBM manufacturer Robbins | Lopbins | Robbins iy ichi | Mitsubishi | Mitsubishi
. -Kawasaki -Kawasaki

Cut diameter(m) 5.77 8.78 8.78 5.61 8.64 8.64
Shield length(m) 11.00 13.75 13.75 10.56 12.61 12.61
Segment thickness(m) 0.32 0.4 0.4 0.32 0.4 0.4
Ring length(m) 1.4 1.6 1.6 1.4 1.6 1.6
Driven distance(m) 15,628 19,920 18,769 3,162 3,174 3,176
Best week(m/week) 285 294 322 230 184 231
Average rate{m/week) 11 149 169 72 77 68

18 10. Expanded concrete wedge—-block
lining{running tunnel)

28 11. Breakthrough sequence for both the north
and south running tunneis
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gauges, convergene bolts, piezometer, phtoelastic

stressmeter, extensometer, rock pressure cell 5°]
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RS: roof settlement

S§S: sidewall settlement
HD: horizontal deformation
DD: diameter deformation
FH: floor heave

RP: rock pressure cell

ST: shotcrete pressure cell
ET: extensometer

MB: measuring rock bolt

33 12. Cross—sections showing typical
instrumentation deployed
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3 14. Marine treatment-hole layout(UK)
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12 15. Typical ground treatment of a pistone relief
duct{UK)
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a2l 13. Permanent ground instrumentation in UK
Cross cavern

1%l 16. Treatment printout: final pressure
graph(France)
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