Tunnels

Every day contractors construct tunnels as its providing us
with solution to many problems we faced such as traffic
problems, passing water under ground surface and so.

* Tunnel Projects ask for well prepared and trained personnel
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in a great range of technologies:
Geotechnics and soil engineering
Equipment and control methods
Planning and scheduling
Concrete technology
Monitoring, instrumentation and site control
Environment impact, logistics



Why more tunnels are being built

* Cost * Environment
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An example to see the different between
Boston Downtown , USA ....before & after

e Before construct the After




The downside of tunnels:

e higher building cost and difficulties of cost control during
construction

e “cut and cover” tunnels can be disruptive during
construction

e good standards of daily operations required
® ongoing operational costs
e underground junctions difficult and potentially expensive

® siting of portals and ventilation shafts needs to be
carefully selected



Know about tunnel in brief outline

* Organizations working in the same place in tunnels :

Transport

Traffic management & Control

Security and Fire incidents management
Maintenance of the facilities
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Communications are requested in the following fields:

Construction systems

Materials incorporated in underground projects
Construction monitoring technologies
Engineering issues and engineering liability.
Long term construction sites management
Environment impact
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Logistics and site factories

Relationship with all stakeholders.

Ventilation, fire detection and prevention systems
Traffic control and monitoring.

Facilities maintenance and operation.

Project performance monitoring and assessment
Hazards management and legal issues
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(3) Excavation
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(4) Supporting

(5) Transportation of muck

(6) Lining or coating/sealing
(7) Draining
(8) Ventilation
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The Austrian (cross-bar) method
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Jd The German method

A The Belgian system (underpinning or flying arch
method)

NOTE : Now this methods are not being used
because of its obstacles during construction process

And the modern methods are :

v’ Cut and Cover System.

v’ Pipe Jacking System (Micro Tunneling).

v' Shield Tunneling (TBM).

v'New Austrian Tunneling Method (NATM).
v Immersed-Tube Tunneling System.



Forming tunnel is similar to form a
bore pile, but in a horizontal manner
and in most cases in a much larger
diameter .

Remember how to find a bore pile?
Three basic consideration:
e how to cut the soil/rock
e how to remove the spoll
e how to protect the bore hole from

collapsing




Construction of tunnel using the New
Austrian Tunnel Method (NATM) for
soft ground
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Machine use for the
drilling of the blast hole

known as Jumbo tunneling machine
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Construction sequence for tunnel
waterproofing and permanent lining
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After the tunnel formed by drill and blast process, the newly
formed tunnel surface is to be lined with an in-situ concrete
lining to stabilize the exposed soil or rock faces. The photo shows

the gantry-type formwork used to form the in-situ concrete
lining.




Tunnel Construction
using Tunnel Boring Machine (TBM)
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Aphoto of tunnel boring machine
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T.B.M=Tuneel boring machine

Note this figure very well to do

Hydraulic push arms Shield Rock cutter head




1 Rock cutter head 4 Erector
2 Drive unit 5> Conveyor|
3 Pushcylinder 6 Segment handler

1 Electrical switch gear
8 Conveyorfl
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Tunnel Construction
using Cut-and-Cover Method
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Diaphragm wall supported with steel struts




Construction Stages for “cover and
cut” method

c&c

32



Cut & cover Vs cover & cut

Figure 7: Stages of Construction for the "C&C Techmques (cut and cover on left, cover and cut on right)

33



Hint

The main difference betweets these methods
is the excavation and thus soil supporting
system

So,

There are two methods of excavation related to
each c&c method

The first is called Bottom-Up Construction

------



And the second is called Top-Down construction

Step 1 Step 2 Step 3 Step 4
iﬂ. ey |y |-y
support

walls

c&c 35



Conditions Favorable to Bottom-Up Construction:

No right-of way restrictions
No requirement to limit sidewall deflections
No requirement for permanent restoration of surface

Conditions Favorable to Top-Down Construction

Limited width of right-of-way
Sidewall deflections must be limited to protect adjacent features
Surface must be restored to permanent usable condition as soon as
possible

c&ec
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How to choose asuitable C&C .......

Tunnel length / cutting L<300m L<150 m

Depth of grade line H<50m H<15m
Environment Fairly sesitive area Sensitive area

Geology Gravel, soils, soft rock Loose sand (( any

unstable soil ))

c&ec 37
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Excavation support systems
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To see more clearly sheet pile
its peform asupport to soil and grou
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soldier pile wall supported by anchors
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Cut-and-cover tunnel constructed in

difficult environment




Tunnel excavation and construction - crossing under an
existing highway bridge with limited headroom and
congested working environment




crossing under busy surface roadway
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Tunnel Construction
using Immersed Tubes
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Cross section of atunnel shows all its
component

200w CABLE BRACKETS (ELV/FS)

T
0SS SECTION (THRESHOLD & TRANSITION ZONE)

-
"fYPICAL NORTHBOUND TUNNEL (R
SECTION A-A sout |, s,




Finishing tunnel process

tunnel interior andservices installation
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Installation of the tunnel wall panel




Laying of rail track in railway tunnel




COST
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Actual example for Cost Distribution

Legend HMaterial
OEquipment
O Contingencies
OTransport
@ Personnel
O Overheads

14% O Additional Parts

B Site Mobilization/
Clearance




Span and cost
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safety
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*Definition:-

-A tunnel is an underground passageway,
completely enclosed except for openings for
egress, commonly at each end.

A tunnel may be for foot or vehicular road
traffic, for rail traffic, or for a canal. Some
tunnels are aqueducts to supply water for
consumption or for hydroelectric stations or
are sewers. Other uses include routing
power or
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Construction Systems.
(a) Cut and Cover System.
(b) Pipe Jacking System (Micro Tunneling).
(¢) Shield Tunneling (TBM).
(d) New Austrian Tunneling Method (NATM).

(¢) Immersed-Tube Tunneling System.
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(a) Cut and Cover System

Stage(1) Stage(2) Stage(3)
Diaphragm Walling  Plug injection Excavation/Strutting
Pump testing Water proofing

}

Base slab

U

Struts

o
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(a) Cut and Cover System

Stage 4
Strut removal
Waterproofing

Walls

Stage 5
Strut removal
Waterproofing

Roof

Stage 6
Waterproofing
Backfill
Strut removal
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Advantages:
Economy for shallow depths (4 - 10 m) and for

shorter applications.
4 Un-sophisticated labor and equipment required.
4 Adaptability to different conditions.
4 Simple structural & geotechnical analyses required.
v Safe environment (ventilation and fire hazard).

Disadvantages:
Possible disturbances to existing facilities.

v Practical limitations of depth.
v Unsuitability under buildings or water.
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Soil Grouting Techniques A ) gda ALK
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Pre-drilling  prilling then  Lifting drill rods Completing of

and placing  rotating jet at  at specified soil-cement
casing required depth slow rate columns

Jet Grouting: Soil Replacement Process
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Soil Groutmg Techmques dg il gudia
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Soil Grouting Techniques
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Ground Freezing Concept
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(b) Pipe Jacking System (Micro Tunneling)

Control Container

I I B |

i | i
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1! e o P
I £ &
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@ Jo

Settlement Jack e§
fank @ Ground Water Level
round Water Leve : v
Sfur?]/ Sha
Discharge line || Feed Line
Y ' Reception
Launch Seal Laser  Jacking Pipes Seal
Laser
Slurry Discharge AVN Cutting
Jacking Frame Pump

Head

Schematic Representation
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Tunnel Construction

Preparation of

A Jacking Pipes
Using Hydraulic Jacks
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Guidance and Positioning Using
Laser-Guided Steering System

Monitor display

Hno 1ead

i =¥
Theodolite with CCD camera

Laser Guide &
Control Momtor

video3
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MTBM Break Through

videod

GOIPIA

== Extraction of MTBM
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MTBM - Shields of Different Sizes
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MTBM - Different Shapes of Cutting Heads

Dirt cutter head 56/ %
(clay and silty sand) " ‘

Carbide cutter head
(soft to medium hard rock)
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Pipe Jacking System (Micro Tunneling)

Advantages:
® Suitability for almost all types of soil.

Large depths with unlimited lengths of drive.
High levels of accuracy and safety.

Wide choice of pipe and joint materials.
High construction rates.

Reduced manpower requirements.

Reduced environmental disturbance.

Disadvantages:
® Sophisticated equipment and highly skilled labor.

® Imability to make rapid changes in line or level.
® Very expensive corrective actions, if required.
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(c) Shield Tunneling (TBM)
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(11) Separation tank
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Compressor

.
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Shield Tunneling (TBM)

Advantages:

Suitability for almost all types of soil.
Suitability for wide tunnels (highway, railway, etc.).

Large depths ( > 10 m), with unlimited lengths of
drive.

Reducing environmental disturbance and utilities
diversions.

Disadvantages:

Sophisticated equipment and highly skilled labor.
Inability to make rapid changes in line or level.
Very expensive corrective actions, if required.
Difficult structural and geotechnical analyses reqd.
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SECOND STAGE FIRST STAGE

(d) NAI M B2,  Soilcrete jet grouting
7 ¢ S | 1 £ B '"-;._.

Temporary
shotcrete lining

° 6.7m &
Construction |
Supporting core
Sequence 2 i
Tunnel body =

Inchned
micro piles

W 08w

g t

s Soilcrete slab

1424 m
P s /_Soilcrete jet grouting

Smlcrete jet
. grouting

Supportmg core

Inclined micro piles

‘Soilcrete slab
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® Best alternative for non-circular roadway tunnels.

® Suitability for almost all stable to strong ground
types, including rock.

Suitability for a variety of soil conditions.

Small thickness of tunnel lining, reducing the
amount of excavation.

® Economy and speed of construction.

N af‘l an 4 3 w7 Eh T IFren a5 o

® Highly skilled workers and expert engineers.

® Safety measures for shotcrete application.

®  Ground water freezing and/or soil strengthening (in case of
water-bearing cohesionless soil).
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(e) Immersed—Tube Tunneling System

----- Ballast A

=

R ROy RS

Typical 2-Lane Multi-Lane
Concrete Box

Concrete Box

- Steel Shell
Typical 2-Lane . =
Double Steel Shell

Single Steel Shell
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(e) Immersed-Tube Tunneling System
Construction Sequence:

1. Dredging the trench in river or sea bottom.

2. Prefabrication of tunnel sections, and sealing ends
with bulkheads.

3. Floating the sections to the tunnel trench.
4. Lowering the sections to seabed.

S. Joining the sections together underwater.
6

7

. Removing the temporary bulkheads.
. Backfilling the trench.
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Immersed-Tube Tunneling System

Advantages:

® Economy (most economical alternative for any type
of underwater tunnel crossing).

® High construction rates (particularly for steel tube
tunnels).

® Wide variety of different conditions.

Disadvantages:
® Casting basin (for concrete box tunnels).
® Highly skilled and experienced workers.
® Safety measures for underwater construction.

25 engwagih



DEVELO
Conventional Tus e -
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Areas Developments

[ ]
il

Drilling techniques.
Blast Tunneling | ¢ Blasting technology.
Re-use of excavated material.
Injection.
High-pressure injection.
Soil freezing. :
Shotcrete Safety | o Special shotcretes without accelerators
Measures that reduce concrete solidity.

General Equipment | ¢ Advances in diesel motor technology
Developments | (less pollutants in exhausted gases).
Handling of e Two-layer plastic sealing tracks
Groundwater | _(double water-pressure resistance).
Final Lining in e Measures for protecting inner concrete
Concrete | linings (to prevent tears). engwagih

Tunneling in Loose
Sand




DEVELOPMENTS & FUTURE TRENDS
IN TUNNEL CONSTRUCTION

Pipe Jacking (Micro Tunneling):

® Computerized laser guidance to reduce pipeline
misalignment.

® Pipe jacking at great depths below the ground, and
in unstable ground conditions.

® Pipe jacking over a very long distance.

® Lubrication to reduce jacking forces, enabling
larger diameter pipes and longer tunneling lengths.

® Possibility of pushing pipes along a curved line.

27 engwagih



DEVELOPMENTS & FUTURE TRENDS
IN TUNNEL CONSTRUCTION

Shield Tunneling (TBM):

® Design changes for TBMs to reduce damages to
lining seements (due to impact of rear shield jacks):

> Rollers attached to the segments that slide on
rails attached to the sidewalls (enabling ideal
load distribution, and reducing the wheel loads
which impact on the newly placed ring).

® Convertible shield machine:
» Working in soft rock as a shielded TBM, and

» Working in soft ground as a compressed air
shield.
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DEVELOPMENTS & FUTURE TRENDS
IN TUNNEL CONSTRUCTION

New Austrian Tunneling Method (NATM):

® Heavy-duty Roadheader for constructing traffic
tunnels through the rock.
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