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2xEPB TBM f = 6.02m

O.D. = 5,700mm

I.D = 5,200mm

Ring Distribution 5+1

Length = 1.4/1.6m

Twin Tunnel length
= 3,600 m/each
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CUTTING WHEEL

Number of section monoblock

Nominal diameter mm 6000mm

Opening ratio % should be towards 30%

Weight t 56 tons

Steel type S355J2G3

CUTTING TOOLS

Cutters type single disc cutters

Number of disc cutters installed 35 No

Disc nominal space mm 100mm

Maximum load capacity of cutters kN 267 kN

Coppy cutter drive hydraulic

Other type of cutters /

Cutting ring thickness and type inch (mm) 19mm

Disc cutters diameter inch (mm) 17''

Disc cutters replacement procedure Type backloading

Disc cutters wear control Yes / No yes

Fixing system of disc cutters Type

Nº of scrappers Quantity 36 No

Nº / type of other cutting tools Quantity / type disc cutters (27 No.) 

Bucket lip (Right - clock wise) Quantity 4 No

Bucket lip (Left - counter clock wise) Quantity 4 No

Number of pieces per bucket lip Quantity

SHIELD

MAIN THRUST

Maximum thrust kN @ bar 34816 kN @ 350 bar

Excepcional thrust kN @ bar 41800 kN @ 420 bar

Number of thrust cylinders Units 11 pairs

Thrust cylinders dimensions (bore/rod/stroke) mm 240 / 200 - 2400 mm

Maximum extension speed mm/min 120 mm/min

Maximum retraction speed (4 cylinders) mm/min 2200 mm/min

           No. of sectors in which the propulsion cylinders are grouped 4 groups

MAIN CHARACTERISTICS

Brand Herrenknecht

Design EPB

Supplier Herrenknecht

Total power installed kW 2350 kW

Excavation Diameter mm 6000 mm

Radial lenght of coppy cutter mm to be defined during design stage

Coppy cutter type disc type

Approximately shield lenght mm 11000 mm

Approximately total lenght including Back-up m 113 m

Approximately weight: shield+cutting wheel+erector t 400 tons

Approximately weight: BU t 405 tons

           Theoretical minimum horizontal radius of the trace m 160 m

Minimum radius (shield + back-up) m 120 m 

Maximum vertical slope % 6%, design confirmed

Maximum penetration speed mm/min 120 mm/min

Minimum vertical radius (shield + back-up) m 800m

SEGMENT RING SPECIFICATIONS

External diameter ring mm 5700 mm

Internal diameter ring mm 5200 mm

Thickness mm 250 mm

Ring length mm 1600mm + 1400mm

Ring type Type Universal

Number of segments Quantity 5 + 1

Nº of key segment positions Quantity 11

maximum working pressure on the shaft (bar) bar 4 bar

MAIN DRIVE

Main drive type electric

Power installed kW 1400

Nominal torque kNm 5184kNm

Speed to nominal torque rev / min 0 - 2,75 rpm

Minimum torque to maximum speed kNm 3456 kNm

Maximum speed rev / min 4 rpm

Breakthrought torque kNm 5655 kNm

Number of E-motors 7x 200kW
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Soil Units
•Unit 1: Fill and Surficial Soils
•Unit 2: Silt and Sand with Silty Clay interbeds
•Unit 3: Marine fine-grained deposits
•Unit 4: Stoney / Stoneless Silt
•Unit 5A: Glacial Drift Sub-Stratified
•Unit 5B: Glacial Till

Rock Units
•Weathered bedrock layer (based on 
strength)
•Sandstone
•Mudrocks: these are fine-grained 
sedimentary rocks that include claystone, 
mudstone, and siltstone
•Coal
•Other (which includes rocks that do not fall 
into the above categories (e.g. conglomerate)



The Glacial Till is unsorted mixture of fine 
sediments of rock, sand, pebbles, cobbels 
and boulders deposited by glacier.
The Till deposits are derived from the 
erosion and entrapment the material by 
the moving ice of a glaciers.

Pebble: is a clast of rock defined as having a 
particle size of 2 – 64 mm

Cobbels: is a clast of rock defined as   having 
a particle size of 64 – 256 mm

Boulder: is a rock fragment with size greater 
than 256 mm.
(Udden-Wentworth scale)
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Glacial Till deposits with 
boulders 

UNIT 1
Upper Till

Well graded 
mixture of Silt, Sand 

and Gravel with 
trace of Clay 

(generally > 10%) 

Granular layers 
comprising Sand 

and Gravel

• Sand, Gravel and Silty soil 
distribution: 85%

• Sand and Gravel layers: 
15%

• Dense to very dense soil
• Presence of Cobbels and 

Boulders
• Permeability: 10 -5  to 10 -7
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Granodiorite boulders 
estimated typical UCS: 150-
200 Mpa (Vancouver Area)
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UNIT 5B
Lower Till

Well graded 
mixture of Silt, Sand 
and Gravel with 
trace of Clay 
(generally < 10%) 

Layers of Gravel, 
sandy-Gravel and 
Sand

• Sand, Gravel and Silty soil 
distribution: 80%

• Gravel & Sand layers: 20%

• Dense to relative dense 
soil

• High Presence of Cobbels 
and Boulders

• Permeability: 10 -6 to 10 -7

Geological characteristics of the glacial till



Clogging & Adhesion risk (M. 
Thewes) 
Consistency Index (Ic) Vs Plasticity 
Index (Ip)
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Critical issues of the glacial till deposits

No-homogeneous or 
chaotic distribution 

of the soil Units

Front face instability 
and ravelling 
phenomena 

High presence of 
cobbels and boulders 

(granodiorite 
UCS>1500-2000 

Kg/cm2)

Critical Issues of 
Glacial Till 

High variability of 
the soil permeability

High to very high soil 
abrasivity 

(Quartz content 
>70%)

High presence of 
sticking and clogging  

Clay 
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Consequences of critical issues during the TBM 
excavation activity

Soil conditioning 
problem

High CHD tools wear 
(abrasive soil & 

boulders impact)

CHD maintenance 
problem (hyperbaric 

mode)

CHD clogging 
phenomena 

(plastic/sticky Clay)

LOW TBM 
PERFORMANCE 

AND 
PRODUCTION

TBM TUNNEL 
COMPLITION 

DELAY

INCREMENT OF 
PROJECT 

COSTS
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CHD windows 
clogged by 

extremely sticky 
Clay 

Rippers destroyed 
by boulders impact 

Scrapers completely 
worn out

Intensive Cutting Head Tools 
Damage

CHD Clogging 
Phenomena

Picture derived from 
Evergreen Project – 

Vancouver (2013 – 2015)
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Possibility  to perform the 
CHD maintenance in 

hyperbaric mode

Completion of the TBM 
Tunnel Excavation

Completion of the TBM 
Tunnel Excavation
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Preliminary Laboratory Test Champaign to define the “Ideal Soil Conditioning Parameters”

In order to evaluate and optimize the soil conditioning to be applied during the excavation 
trough the Glacial Till deposits expected along the Broadway Subway TBM tunnel alignment, an 
intensive laboratory tests campaign has been preliminary performed by the Geotechnical 
Department (GEEG) of La Sapienza University in Rome. 
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Mitigation Actions in the TBM System 

CHD in cutters configuration.

Modification of Ground Conditioning System (GCS):
a) Add 2 high pressure water lines in the central 
area of the CHD.
b) Polymer Injection System modification, to ensure 
the injection of clay-dispersant or water-retainer 
products.

Availability of the dedicate equipment to spay the 
sealing membrane to the front face to reduce its 
permeability, in case of eventual hyperbaric 
intervention.

TBM Excavation Controls

Setting the Soil Conditioning Parameters according 
to the laboratory  test champaign preliminarily 
performed.
Reduction of the CHD rotation speed from 2,0-3,0 
rpm (sandstone) to 1,3 – 1,5 rpm (Glacial Till), limiting 
the tools impact against the boulders.

Constant control of main excavation the 
parameters (Total thrust, CHD torque, penetration 
and advance speed, screw conveyor rpm, muck 
temperature).

Constant check of the boulders extracted by screw 
on the belt , to avoid hopper obstruction and the 
belt damage.

Mitigation actions and excavation controls



Conditioning system set up following the “Ideal” conditioning parameters derived from the preliminary laboratory 
tests, progressively adjusted according to the geological/granulometric characteristics of the soil and to its 
hydrogeological condition detected. 

Injection of free water to the front face (using foam Line #1 and foam Line #3) and into the working chamber (using 
foam line #8), to guarantee the suitable saturation grade of the material.

Conditioning foam generated using the anti-clogging foaming agent, to reduce the risk of clogging phenomena, in 
presence of clayey soil layers.

Conditioning foam reinforced (if necessary) by clay dispersant polymer, to encourage the disintegration of the hard 
and very sticky clay (if present), helping the pure foam to reduce the risk of clogging phenomena, improving the 
rheological characteristics of the excavated material. 
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The correct setting of the soil conditioning parameters confirmed by:

achievement of satisfactory conditioning grade of the material, despite the presence of high quantity of cobbles 
and boulders and reduction of the fine content;

improvement of the physical and rheological proprieties of the conditioned material, with evident advantages in 
term of distribution of the EPB pressure to the front face, constant and continuous removal of the material from 
the chamber by screw conveyor;

homogeneous distribution of the excavated material on the conveyor belt and evident advantages in term of 
transportation during the de-mucking operations;

suitable quality of the material into the muck pit on the surface. In particular, the material is characterized by a 
suitable workability and no segregation phenomena (material/liquid/foam) are detected.
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Soil conditioning concept applied
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During the excavation within the Glacial Till Deposits, high numbers of boulders were mainly characterized by very 
hard granodioritic lithoid elements (UCS > 200-250 MPa, see GBR), with dimensions over 60-80 cm (see Pictures from 
11 to 18), associated to high concentration of cobbles in sandy matrix, with an evident reduction of the fine fraction, has 
been detected. 

The magnitude of these impact events and the relative effect on the excavation, an estimated incidence of the 
boulders into the TBM excavated soil are reported below.
• Development of boulder lens: 27 rings – 43 m
• Boulders recovered (n°): 180
• Volume in bulk x stroke: 45 m3
• Total volume excavated in the boulder’s lens = 45 m3 x 27 rings = 1215 m3
• Boulders incidence = 180 / 1215 = 0.15 boulders/m3   -  6,75 m3/boulders   -  7 boulders x each ring

TBM excavation performance achieved



TBM excavation performance achieved



Ghella’s conclusions for the excavation of the Broadway 
Subway Project are as follows:
•Pre-analysis of the geological formations.
•Testing of the different geological formations.
•Tuning during excavation.
•Optimization of soil conditioning based on TBM data 
management interpretation.
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