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Use of steel ring to
protect the segment
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Additional Hydraulic Cylinder
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Additional | Maximum | Number of | Maximum usable Force Force of The sum of the
Hydraulic force Additional force from utilized Machine forces of the
Cylinder produced Hydraulic Additional from Thrust Thrust
Stage | type based by Cylinders Hydraulic Additional Cylinders Cylinders and Results
on power | Additional used Cylinders (kN) Hydraulic (kN) the Additional
(Tons) Hydraulic Cylinders Hydraulic
Cylinder (kN) Cylinders (kN)
(kN)
1 25 245 4 980 980 13300 14280 Not releasing the
machine.
Not releasing the
2 50 490 2 980 2156 2156 13330 15486 machine .At this
stage, vibrators were
60 588 2 1176 also installed, which
was fruitless.
The machine was
3 released before
150 1471 4 5884 4000 13150 17150 reaching the
maximum usable
force from the
Additional Hydraulic
Cylinders.
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Chainage (m)
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1 Tunnel face 6 Airlock 11 Tail Shield
2 Cutterhead / cutting wheel 7 Active Articulation Cylinder 12 Passive Articulation Cylinder
3 Excavation chamber 8 Screw conveyor 13 Front Shield
4 Bulkhead 9 Machine/thrust pipe 14 Segment Feeder
5 Shield 10 Thrust cylinder 15 Middle Shield
16 Additional Cylinder )
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Component Name

Description of Features and Operation

Cutterhead

The part of the machine that is in direct contact with the tunnel face. The cutting tools mounted on the
cutterhead perform the cutting of the earth materials. The force required for this operation has two
components: compression and rotation. The compression component is provided by the thrust cylinders of
the machine, and the rotation component is provided by the main drive system components.

Chamber

It is a chamber located behind the cutterhead. It is possible to accumulate excavation materials and improve
the material conditioning process (through the injection of foam and polymer materials) in this space.
Replacement of cutting tools and repairs to the cutterhead are also carried out through this space.

Front Shield

The protective and maintenance part of the equipment is the main drive system of the machine. The front
shield is connected to the cutterhead from the front and is connected to the middle shield of the machine
from the rear.

Middle Shield

The middle shield is connected to the front shield from the front and to the tail shield of the machine. The
thrust cylinders of the machine are also located in the middle shield position. Therefore, this part of the
shield plays a role in power transmission and machine advancement due to the presence of thrust cylinders.

Tail Shield

The end part of shield machine, which is connected to the middle shield. One of its main functions is to
create a suitable space for the erection of prefabricated concrete parts (segments) by the erector, so in order
to prevent the entry of water and geological materials (rock and soil particles), it has a sealing system, which
is described in the main text of the article..

Screw Conveyor

Its beginning is located at the lowest part of the front shield and in the chamber space. The extension of this
piece is such that its end is located outside the tail shield and at the beginning of the machine backup
system. The most important part of the screw is a steel shaft (with spiral blades) that, by rotating, transfers
the excavation materials from inside the chamber to the belt conveyor at the beginning of the machine
backup system.

Thrust Cylinders

They are located in the middle shield of the machine. They are responsible for providing power to press the
cutterhead against the tunnel face and advance the machine. The number and power of these cylinders vary
depending on the excavation diameter and the type of machine.

Active  Articulation

Cylinders

These cylinders connect the middle and front shields of the machine to each other. These cylinders correct
deviations of the cutterhead from the excavation path. The number and power of these cylinders vary
depending on the excavation diameter and the type of machine.

Passive Articulation
Cylinders

These cylinders connect the tail shield and the middle shield of the machine to each other. In tunnels with
curved paths, these cylinders can be used to increase the flexibility of the machine during advancement. The
number and power of these cylinders also vary according to the excavation diameter and the type of
machine.

Conveyor Belt

The excavated materials after exiting the screw gate, are discharged onto a conveyor belt. The conveyor belt
is responsible for transporting the materials from the screw outlet to the end of the machine backup system.
In medium-diameter tunnels, such as Azad tunnel, the materials are discharged into material-carrying
wagons at the end of the backup system and then exited the tunnel by locomotive. However, in large-
diameter tunnels, the conveyor belt usually extends the entire length of the tunnel and, with the help of belt
booster systems, can transport the excavated materials to the depot outside the tunnel.

Segment Feeder

It is responsible for transporting prefabricated concrete parts (segments) to the installation position by the
erector.

Probe Drilling

The components of this system are installed on the machine to drill boreholes to identify ground conditions
and also for the purpose of performing injections (for sealing or improving the ground). The speed of
drilling boreholes depends on the type and power of the equipment in this system.

Mw\i@}j@&:}uzjjbz Y S

Applications in the Mechanized Tunneling Industry

1 | This research provides a practical solution to the problem of tunnel boring machine shield jamming in adverse geotechnical

conditions (which has caused long-term suspensions of excavation operations in many mechanized tunneling projects).

2 It provides a practical solution to prevent time delays in excavation operations caused by the problem of material conditioning

(in rock zones with high groundwater pressure flows).

Research and Academic Aspects

1 | The research literature on the relationship between geological sciences and mechanical engineering in the field of mechanized

excavation machinery has expanded from a new perspective.

2 It has expanded the existing knowledge on the effect of adverse geotechnical and geological conditions on the failure of

tunnel boring machine components from a new perspective.
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