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Definitions

Rock — The mineral or organic (i.e. coal) matter that comprises the solid part of the
Earth’s crust excluding soil.

A natural aggregate of minerals that are connected by strong bonding or
attractive forces.

Soil — Sediments and other unconsolidated accumulations of solid particles produced by
the mechanical or chemical disintegration of rocks (Terzaghi, 1943)

Rock & soil mechanics — The theoretical and applied science of the mechanical behavior
of rock and rock masses [soil]. It is the branch of mechanics concerned with the
response of rock and rock masses [soil] to the force fields of its physical
environment.

Geotechnical engineering — The art and science of solving insoluble problems armed with
incomplete information, an inadequate budget and operating under unreasonable
time (Raymond Seed, UC Berkeley, 1989)

engineer (Ms, &%, 84l) « “genie” ((French)) msol 2= [Not from [‘engine”]
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1. History of tunnels

Introduction

(1) Fundamental operations

a. Survey

b. Excavation of ground

c. Immediate support of ground

d. Permanent support of ground

e. Management of water

* Unexpected physical conditions - project

impossible

(2) Relationship to mining

Mining tunnels

Civil tunnels

Service life
Access & usage
Length

Ground condition
Depth

Stress condition
Economy

Site

Size

Community

Temporary (several decades)
Trained personnel

Long (up to tens of kilometers)
Known over years

Deep

Changing

Sensitive to profits

Ore location

Minimum (~ 3 m)

Permanent

Permanent (up to 10,000 years)
General public

Short (L < 10 km)

Usually need site exploration
Shallow (D < 500 m)

Stable (steady)

Fixed

Superior condition selected
Large

Temporary
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1. History of tunnels
(3) History

a. Purpose:

b. Oldest:

Introduction

Burial, attack, mineral and metals, transport (human & natural resources),
shelter from water and fire (temperature)

Bomvu Ridge in Swaziland in South Africa
40,000 BC (Neanderthal Man)
Hematite (blood stone) mine (for funeral and ornament)

c. Magnum Salalias Wieliczka Salt Mine (poland from 3,500 ~ 2,500 BC) Still operating
Underground Post Office and Church (100 km long)

* Methods:

Wooden wedges in a hole — soaking — swelling
Fire setting

d. AD 41, Fucinus Tunnel (to drain Lake Fucino)

5.6 km long, 6 m high, 2.7 m wide

40 shafts

Took 11 years, 30,000 slaves

The averaged advance/working face = 7 cm/week
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Introduction

1. History of tunnels
(3) History

e. 1851 ~ 1875:  “Great Bore” railroad tunnel
Through Hoosac Mountain in Massachusetts
7.6 km long, 7.3 m wide, 6.7 m high
Compressed air drill
Nitroglycerin (92% NG + 8% Nitrocellulose, 1875 Nobel)

f. 1960 ~ 1969: 13,000 km of tunnel worldwide
1970 ~ 1979: Double the length

* Breakthough
Dynamite
Hydraulic drilling machine and bit
Rock bolt (+ shotcrete)
TBM (Tunnel Boring Machine)
Grouting



Introduction

1. History of tunnels
(3) History

e. Current Projects
Nuclear waste repository (i.e. Nevada Yucca Mountin)
Underground oil & gas storage
CAES (Compressed Air Energy System)
Subways (Seoul, Tokyo, San Francisco, Washington DC, Paris, etc.)
Solan Tunnel in Korea (16.9 km railroad tunnel)
Inje Tunnel in Korea (21 km road tunnel)

* TBMs
345 m advance per week
Fucinus tunnel — 7 cm per week (30,000 workers)
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Introduction

2. Functions and Requirements
(1) Factors

a. Situation: Mountain, hill, subaqueous, urban

b. Ground: Soft silt, hard rock

c. Dimensions and Geometry: Width, height, length, levels, gradients, curves ....
d. Structural form: Circle, horseshoe, rectangle, concrete, brickwork ....

e. Construction methods: Boring, blasting, cut & cover

f. Equipment: Ventilation, lighting, rail track ....

(2) Principal Functions

a. Transportation (to pass underneath obstacles, i.e., hill, mountain, river, city, building, etc.)
People & goods — subways, railways, highways
Water — canals, irrigation, hydroelectric power
b. Storage & plant
Car parks
Cavern storage of oll
Underground power stations
Disposal of radioactive waste
Military stocks
c. Protection of people
Shelters
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Introduction

2. Functions and Requirements
(3) Situation

a. Mountain range

Preferable (high capital investment)
Depends on the traffic amount

b. Subaqueous
Bridge — the cheaper alternative
Cost effectiveness (for a long distance)

Foundation Tunnel preferred

Capacity Can be very long to attain a flat gradient
Efficient use of land

c. Urban
Normally short — often cut-and-cover
Noise and vibration
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Introduction

2. Functions and Requirements

(4) Subways (pedestrian & cycle)
Relatively free gradient and curve
Decorative surface (wall) preferred
Minimum space requirement - 2 ~ 3 m high, 2 m width, 10% gradient, steps allows
Drainage (storage and pumping) system required
Lighting

Road tunnel

Pedestrian and cycle subways

:

(5) Railways
Typically, 5 mW x 7 mH for a single track
8.5 mW x 7 mH for a twin track
Gradient < 1% (~power, stop & start)
Curvature (~speed)
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Introduction

2. Functions and Requirements

(6) Metro systems
Urban, subaqueous, hills
As shallow as practical (~ easy & rapid access)
Gradient can be greater (to transport people, i.e. 3.5%, electric power)
Cut & cover, NATM, TBM
Ventilation, lighting, fire, evacuation

(7) Highways
Gradient of 3.5 ~ 4.5% (up to 6.5%) (better ventilation at higher gradient)
Curvature 400 m in radius
Economy of dimensions (most important)
Shield drives, drill & blast, cut & cover, TBM ...
Lighting
Ventilation
Drainage
Portals

(8) Water conveyance
Smoothness, water-tightness (pressure varies, i.e. turbines, aqueduct ...)
Against contamination for drinking water
Access for inspection, maintenance, and repair

14



Introduction

2. Functions and Requirements

(8) Water conveyance
Smoothness, water-tightness (pressure varies, i.e. turbines, aqueduct ...)
Against contamination for drinking water
Access for inspection, maintenance, and repair
Hydro-electric power
Free discharge
High pressure water tunnels (penstocks)
Machine halls (caverns in rock)

15



Quiet Through Tunnel, San Francisco, U.S.A.
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Underground Sewage Tre t Plant, Trondheim, Norway



Fra utslippskum blir renset vann fart med 2
utslippsledninger til Trondheimsfjorden,
Ledningene har en diameter p4 800 mm.
Utslippet skjer gjennom diffussorer pd 48 —
65 m dybde, ca 180 m fra land.
Diffussorene fordeler det rensede :
avilgpsvannet i fjordens vannmasser slik at
det oppnds en fortynning og innblanding.

En diffussor er et ror med en rekke mindre
apninger langs sidene eller i toppen av roret.
Det gjor at utslippet fordeles i mange stréler,
slik at innlagring skjer p& 20 - 30 mdyp i
sjoen.

kt for
topografi ved utslippspun [
Prinsipp. Utslippsledning med diffussor. Re?s:tiavlra:ivgann a:c:nggng o Ladehamme n RA.
= . . . nge r‘e
t via mange hull i enden av utslippsledn RA La
:g::g?n‘:!es og innglandes i sjeen. Avigpsvannet innlagres pa
dypt vann under brakkvannslaget i overflata.

Underground Sewage

F . { i

Treatment Plant, Trondheim, Norway
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A tunnel, Iéianbul, Turkey (2005)
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Diameter Omm -> 1,000mm -> 2,000mm -> 16,000mm

- Auger Drilling Machines
‘ DN 150 - DN800

= "
& ~ AVN Micromachines
» DN 250 - DN 2000

Pipe Jacking DN 1200 - DN 3500
Segmental Lining DN 1800 - DA 12000
_ Lﬁ\\; EPB-Machines Pipe Jacking DN 1200 - DN 3000
Segmental Lining DN 1800 - DA 16000
Pipe Jacking DN 1600 - DN 3000
Segmental Lining DN 1800 - DA 15060

DN 1200 - DA 12500

DN 2200 -
DN 10000




i P2

Y ﬂaqt‘-fl L




Soft Ground TBMs, Hamburg, Germany












Safety Passage
Crosspassage

Sattery Locomotive  Exit inside a Green Ring
for Fire Control

Rescue Lane







Highest torque ever installed in a TBM.
125,268 kNm, EPB-Shield M-30 Madrid.
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1940.8 Incline instlled
* 1963.5 Switch-back installed

* 1999. Loop-type tunnel started

Location: Gangwon-Do, Korea
Taebaek Mountains

Solan Tunnel, Taebaek, Korea
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Line

Sangol tunnel
Damage

Taebak Line

St.Baeksany,

St.Dongbaeksan

Ground subcidence due to abandoned mines
collapse at low depth

Solan Tunnel, Taebaek, Korea
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Single Tunnel

Ext. Tunnel

Adit Vent. Shaft

W7.6mXH7.8m

W17.7mXH10.5m W7.6mXH10.5m @6.5m

#1 Adit Q

Cut & cover
(L=290m)

_

Y
| |
'é\‘u PR S /f

Start of the Project: February 1999
Completion of Excavation: August 2006
Completion of Lining Work: December 2007
Completion of Rail Installation: December 2008

4o Adit
End Portal

Extend Cut & cover

L=5,920m (40m)  (60m)

Total Length 16,240m

Solan Tunnel, Taebaek, Korea
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Artificial Landfill Island, Incheon Metropolitan Area

Y2 Project, LPG Storage Caverns, Incheon, Korea
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Ground (Surface) Tanks Inground Tanks

Y-2 Project Site
LPG Storage Caverns and Terminal
by LG Caltex Co.

Artificial Landfill Island, Incheon Metropolitan Area

Y2 Project, LPG Storage Caverns, Incheon, Korea
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PROPANE CAVERN

BUTANE  CAVERN

PROPANE CAVERN

Y2 Project, LPG Storage Caverns, Incheon, Korea

=
CONSTRUCTION SHAFT

BUTANE SHAFT

PLUG

BUTANE CAVERN
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Banded Gneiss
Biotite Gneiss
Granite

Dyke
o—> AFZ Y ud

171m

HE € He (52~58m)

Coastal Sedimentary Layer

Construction
Shaft

4.6 m on average

set (31~145m) \Weathered Rock

2
O12H( 0~ 232 m)

z2 Hard Rock

Propane Cavern

Water Curtain

Propane Shaft

151m

Butane Shaft

—00 ,

Butane Cavern

Y2 Project, LPG Storage Caverns, Incheon, Korea

Drill Hole Location and Direction

Depth of Sea Water:
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