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MAXIMUM TUNNEL LENGTH (m) “ J

SYSTEM ONE-WAY TWO-WAY |

TRAFFIC TRAFFIC |

Natural c. 300 - C. 1_{1_0— ’

Longitudinal c. 3000 ¢.1000") |

Partial lateral |

Lateral 5000 3000 |

Ii_ateral | > 5000 > 3000 i
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CASE |VENTILATION TRAFFIC | SPEED HEAD- | MAXIMUM

SYSTEMS LOAD km/h WIND CO-LEVEL
veh./h m/s ppm
1 Natural 1100 80 — 5 60
2 Natural 1100 50 — 5 130
3 18 axial fans 1100 50 —5 40
4 18 axial fans 2200 15 —5 100
5 18 axial fans &

shafts, + 560
m3/s 640 v/km 0 — 5 190
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TYPE OF TUNNEL BREAKDOWNS ACCIDENTS
| aty/10° vehicular-km qty/10° vehicular-km
S o S S S ET 3% .__|-‘,_ A —— — e ———— e e ]
'PIARC study
Long tunnels 9.3--15.8 0.28—0.33
Motorway tunnels 42—171 0.14—1.26
Urban tunnels 6.5—24.3 0.2 —1.54
Underwater tunnels 13.1—26.1 0.74—3.36
| Norwegian tunnels
— entrance area — 0.53
| — inner area w— 0.15
Norwegian roads !
Two-lane road — 0.15—0.30
l Motorway — ? 0.08
Urban motorway — 0.4 —0.7
‘. Finnish motorway
| Main roads - 0.4-—0.55
lMotorways — 0.26—0.32
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SAFETY TUNNEL LENGTH (m)

MEASURES I

> 1000 500—1000/300—500] < 300 |
il Sl i 7 e
0 0

0

Structural
hard shoulders
parking bays
turning bays
two tunnels (two-way)
one tunnel (one-way)
pedestrian pavements
height indicators
Communications
emergency phones
loudspeakers
TV cameras
radio telephones
Fire alarm
manual
automatic
Extinguishers |
powder extinguisher
fire posts
Emergency lighting
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! Preliminary work
Overburden removal and filling
‘ Surface excavation

. Tunnelling and reinforcement
: Concreting

Drainage and heat insulation
Surfacing

Fittings, equipment, finishing
Ventilation

Lighting

Traffic control

50 000 Fmk

1 000 000 Fmk
400 000 Fmk

3 500 000 Fmk
3 300 000 Fmk
1 250 000 Fmk
300 000 Fmk
650 000 Fmk
250 000 Fmk
600 000 Fmk
100 000 Fmk

Total

11 400 000 Fmk

Average price
— Rock tunnel 25 000 Fmk/m

— Earth tunnel 60 000 Fmk/m

r— ————

Preliminary work

2 million Fmk

Overburden removal and filling 58
Surface excavation 7
' Tunnelling and reinforcement 36
Concreting 54
Drainage and heat insulation 40
Surfacing 5
Fittings, equipment, finishing 4
Ventilation - 16
Lighting 5
Traffic control 10
Total 237 million Fmk

Average price (per lane)
— Rock tunnel 44 000 Fmk/m
— Earth tunnel 120 000 Fmk/m




