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Milano Metro 4
Urban excavation with EPB in sandy gravelly soils

INTRODUCTION



Commitment Informations

Contractual Structure



M4

M4

M1

M2

FO
R

LA
N

IN
I F

S

D
A

TE
O

S.
 B

A
BI

LA

S.
 A

M
BR

O
G

IO

LI
N

A
TE

S.
 C

R
IS

TO
FO

R
O

Interconnections with networks

LINE 4
METROLINE :  San Cristoforo –

Sforza/Policlinico
L = 7  km; (4.35 Miles)

13  Stations, 14 Interline bores

A=13 Ha about

METROLINE : Linate-Forlanini FS
L = 3,5 km (2,17 Miles)

3  Stations, 8 interline bores

WAREHOUSE LINE-
MECHANIC

METROLINE : Sforza/Policlinico – Forlanini 
FS

L = 4,5 km; (2.79 Miles) 
5  Stations, 7 interline bores

Metroline Overview



Technical Features

LINE  “MASSIVE MILANO”

LINE  “MODIFIED MILANO”

Technical Features – Railroad Equipment



Longitudinal Profile

Geotechnical Features



Timetable – Work Progress

Central Section of Metro Line



CIVIL WORKS AND 
OPTIMIZATIONS OF 

MECHANIZED TUNNELS PROJECT

The Tender Project



The Final Project

Comparison between Tender and Final Project



Comparison between Tender and Final Project

Comparison between Tender and Final Project



Comparison between Tender and Final Project

Comparison between Tender and Final Project



Comparison between Tender and Final Project

LINE  4
Stations Type



TRICOLORE – PARCO SOLARI LINE EXTERNAL SECTIONS

Tunnels Type

The Interline Bores



THE TBM

The Jobsites
LINE 4



TBM operational program
Linate-Tricolore line and Tricolore-Solari line

TBM

TBM

TBM
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TBM
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TBMTBM

TBM

TBM

TBM operational program
Lorenteggio-Solari line
Tricolore-Solari line



Le tecniche di scavoTBM – EPB Type

Le tecniche di scavoTBM Assembly phases 



TTBM DETAILS :

Factory : Herrenknecht

Model machine : EPB (Earth Pressure Balanced)

TBM Power : 2.000 kVA

TBM + railway car length : circa 106 m

TBM + railway car weight : circa 1090 ton

TUNNEL BORING MACHINE :

Tunnel diameter : 6.340 mm

Weight : circa 53 ton

Tools: 130 (about)

Gap level : 40% (about)

Hydraulic operation : n. 8 engines

Rotations numbers : max 4,50 g/min

Power : 945 kW

Torque : 4.463 kNm (about)

TBM Tecnichal Data

TTHRUST FORCE:

2 x 16 jacks

Stroke : 2.200 mm

Thrust force: circa 42.575 KN

Maximum working pressure : 350 bar

SHIELD :

Front diameter : 6.310 mm

Back diameter : 6.290 mm

Total length : 8.870 mm (about)

Radius of curvature : 200 m

TBM Characteristics 



LLINK COMPONENTS

KEY BLOCK

GUIDE BOARD

SEAL

FOLLOWING THE TUNNEL PLANO BY CHANGING THE UNIVERSALI RING ORIENTATION

TBM – Precast Concrete Segmental Lining 

UNIVERSAL RING

Linate TBM Jobsite (Industrial area) 



Material stock area

Precast stock area

TBMmaterials stock area

Linate TBM Logistic Area
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TBM Product Informations – Yard Linate  
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TBM S-801 TBM S-802

Tunnel total length 3315 ml 3297 ml

Average production in excavation 19,1 ml/g 21,9 ml/g

Maximum daily advance 35,0 ml 40,6 ml

Weekly maximum advance (7d/24h) 189 ml 211 ml

Monthly maximum advance (7d/24h) 633 ml 800 ml

TBM Product Informations – Yard Linate  
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TBM Advance Performance Information – Linate Jobsite



39

TBM Performance Information – Linate Jobsite
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TBM Soil Conditioning Information – Linate Jobsite
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TBM Soil Conditioning Information – Linate Jobsite
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TBM Soil Conditioning Information – Linate Jobsite
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TBM Soil Conditioning Information – Linate Jobsite
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TOOL DESCRIPTION
Qty per
TBM
(nr.)

Total qty of
tools per 2
TBMs (nr.)

DISC CUTTERS (1st level of excavation 175mm)
Double Disc Cutters (17") 16 142
RIPPERS (2nd level of excavation 155mm)
Ripper Head on support [155 mm] 29 204
Ripper Welded [155mm] 4 28
SCRAPERS (3rd level of excavation 140mm)
Scraper [140 mm] 66 195
Buckets (Scrapers on gauge) 28 130
PERIPHERAL TOOLS
GrillBar Rippers (welded) 8 43

History of tool substitutions in EXPO Track TBM S 801 S 802

TBM Cutterhead Mainteinancee Information – Linate Jobsite
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TBM Cutterhead Manteinance – Linate Jobsite

TBM S-801 Drilling in Forlanini FS (11/11/2014)



TBM S-801 Drilling in Forlanini FS (11/11/2014)

Le tecniche di scavoTBM S-802 Drilling in Forlanini FS (10/04/2015)



Thank you for your attention


