ANALYSIS of the according to ADECO-RS

SUMMARY OF THE RESEARCH FINDINGS



of core-face according to ADECO-RS

According to the different possible stress-strain states, the behavior of the ground upstream of the excavation face,
becoming zero the principal minor stress o3 as a consequence of the face advancement, can be indicatively classified
in three different situations: stable core-face (elastic domain), core-face stable in the short term (elastoplastic domain),

unstable core-face (failure domain), to which, in terms of simplification, can be respectively associated three fundamen-
tal behaviour categories: A, B and C.
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ANALYSIS of core-face according to ADECO-RS
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ANALYSIS of core-face according to ADECO-RS
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ANALYSIS of core-face according to ADECO-RS
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according to ADECO-RS

Definition of BEHAVIOUR CATEGORIES making reference
to the core-face seen as a stabilisation instrument

Stable core-face
(elastic domain)
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Stable core-face in
the short term

" (elasto-plastic domain)

R Bt TR e
Face failure V\ G
K T v Unstable core-face

F R A (failure domain)

Preconvergence of the cavity
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The stability of the
core-face is analyzed
by experimental and
mathematical models
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of core-face according to ADECO-RS

During the design the theoretical prediction of the behavior categories A,
B and Cis done

Numerical calculation
3D Finite Elements
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of core-face according to ADECO-RS

Face of the tunnel

The ADECO-RS, as a result of the research results, recognizes
the centrality of the core-face as stabilization instrument for the
cavity; hence the imperative need to always advance full face,
especially in the most difficult conditions, having shown that the

iInstability of the cavity comes from the instability of the core-face.




of the according to ADECO-RS

CONTROL OF THE CORE-FACE DURING

T

Preconfinement action Confinement action



of core-face
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of the according to ADECO-RS

CONTROL OF THE CORE-FACE DURING

T

Preconfinement action Confinement action



of the upstream of the excavation face

Reinforcement of the core-face by
means of glass-fibre structural elements

(conservation technique of of the core-face)
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of the upstream of the excavation face

Reinforcement of the core-face with glass-fibre structural elements




CONTROL of the upstream of the excavation face
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CONTROL of the upstream of the excavation face
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CONTROL of the upstream of the excavation face
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CONTROL ofthe

upstream of the excavation face

q Control by means of core-

® face reinforcement with

| glass-fibre structural
elements

TGV Mediterranée
“Tartaiguille” tunnel (1997)

Ground:
Span: 15 m,
Overburden: 150 m
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of the upstream of the excavation face

Full face mechanical precutting

(conservation technique of of the core-face)

Longitudinal section Section A-A
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CONTROL of the upstream of the excavation face
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of the upstream of the excavation face

- L4 e
Milan-Naples-Al-motorway - “Nazzano” tunnel (2005)

Ground: , €= 0,04 MPa, ¢" =24 , Overburden: 5-+40gm;
Behaviour category: C



CONTROL Deformation Response

Bolognz;-Taranto Al4 motorway — “Mon‘{é‘do‘mini” turiri'ekl(Z:O4) .
Ground: , ¢’ =0,3MPa, ¢’ =22° , Overburden: 1040 m,
Behaviour category: C '




CONTROL of the upstream of the excavation face

Full face mechanical precutting




CONTROL of the upstream of the excavation face

Full face mechanical precutting




CONTROL of the upstream of the excavation face
FuII face mechanlcal precuttlng
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of the upstream of the excavation face

Full face sub-horizontal jet-grouting

(conservation technique of of the core-face)

Longitudinal section Section A-A



CONTROL of the upstream of the excavation face

Full face sub-horizontal jet-grouting
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MOTORWAY UNDERPASS OF THE CAMPINAS RAILWAY YARD (BRASIL), =149 m

Ground: heterogeneous sands, - ¢ =0,02 MPa, ¢ =28° - Overburden: 2 =4 m




MOTORWAY UNDERPASS OF THE
CAMPINAS RAILWAY YARD (BRASIL),
@=149m

Ground: -¢=0,02 Mpa
¢ =28° - Overburden: 2 =~ 6m



CONTROL of the upstream of the excavation face
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of the downstream of the excavation face

There is a close connection between the instability by extrusion of the core-face
with the collapse of the cavity, although already stabilized

S. STEFANO TUNNEL (1984)
EVENT 1 : Failure of the core-face EVENT 2 : Collapse of the cavity Section A-A
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TASSO TUNNEL (1988)
EVENT 1 : Failure of the core-face EVENT 2 : Collapse of the cavity

VASTO TUNNEL (1991)
EVENT 1 : Failure of the core-face EVENT 2 : Collapse of the cavity Section A-A




of the downstream of the excavation face

The presence of the tunnel invert cast close to the excavation face becomes

crucial if you want to prevent phenomena such as the following:

ROME-FLORENCE RAILWAY LINE - TASSO TUNNEL (1988)
Tunnelling in the silty clays (¢'= 0,08 MPa,  ¢'= 23°)

(a) Half face advance




Control Failure mechanism of the core-face in of the

relation to the distance at which the invert is cast

; wnstream of the excavation
L |ldeal extrusion downstream of the excavatio
g surface face

- Extrusion surface

Hence the need

TO ALWAYS PROCEED BY
USING THE FULL FACE
EXCAVATION.

Section A-A



eam of the excavation face
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' of the cavity by
* means of the invert
cast close to the
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(conservation
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confinement of the
cavity
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CONTROL of the downstream of the excavation face
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CONTROL of core-face according to ADECO-RS

Speaking of TBMs, have we ever asked ourselves the
secret to the increasing success of TBMs or
mechanization of excavation for most types of grounds
encountered when tunnelling? Well, the answer is clearly
due to the confinement action (o;) which the machine
constantly applies to the core-face during advancement.
This action maintains the original tri-axial coaction in the
ground mass within finite values, until the cavity can be
confined during work by means of pre-lining or

prefabricated segment lining.
P. Lunardi — Muir Wood Lecture 2015



of the downstream of the excavation face

Confinement of the core-face by TBM

(conservation technique of confinement of the core-face)

Rockmass pressure
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<— FLORENCE |7

(New Bologna-Florence motorway)

The “Sparvo” tunnel (2012-2015)

SCB + BAP

jI"

APA

Sparvo landslide

»25 BOLOGNA—»
52

Geotechnical investigations on Palombini clays (APA)

- Unit weight:

y =21 = 24 kKN/m?

- Granulometric analysis Clayey-sandy silt with

- Mineralogic analysis

- Permeability (Lugeon)

gravel

Presence of smectite in
significant percentage
107 =+ 10°m/s

Coeak =9 *+1.95 7 [kPa]
CresiduaI: 1.5z [kPa]

Ppeax =15+0.07 2 [° ]
(presidual =10+0.05 2 [o ]

Epeak =13+6 [Mpa]
Eresidual =4 [Mpa]
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The TBM-EPB “"Martina”, the world’s largest EPB TBM

Technical caracteristics

- Excavation diametre: 15.62 m

- Machine length: 110.00 m

- Shield length: 11.60 m

- Total weight: 5,000t

- Installed power: 15,000 KW

- Average excavation speed: ~ 10 m/day

- Bearing diameter ~9m

- Bearing weight ~ 200t

- Excavation volume ~1,200,000 m3
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Extrusion of the core-face as a function of the confinement
pressure P

' D‘Step noi |
¢ Step no.2

Camera di

, estrusione
4 Step no.3

| @ Stepno.d

| Stepno.5 |

08 1 1.2 14

Confinement pressure P (MPa)




2y New Bologna-Florence motorway - “Sparvo” tunnel (2012-2015)
~— FLORENCE §%< APA - SCB + BAP - APA >§:‘§ BOLOGNA —»
34 Sparvo landslide g2
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A great example of application of the approach and
industrialization of the excavations in difficult grounds:

the realization, in difficult stress-strain situations, of the T8 and
T8A tunnels for the bypass highway of Sochi
recently built for the Winter Olympic Games, respecting the
construction times and costs predicted by the detailed design
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T8 and T8A tunnels (ADECO-RS)
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BYPASS HIGHWAY OF SOCHI
Tunnel length

Tunnel length (m)




T8 and T8A tunnels (ADECO-RS)
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To stabilize the excavation face in difficult stress-strain conditions

NATM
’ oy Partitioning of the
__{;,._: _.5,.’._._-.;L=._._&,§-.-%-,~\,7- excavation face
ADECO-RS

Always full face
excavation with
reinforced core-face




Geometrical characteristics of the tunnels in comparison

STANDARD | T8/T8A tunnels ENLARGED

CROSS-SECTION (AD ECO-RS) CROSS-SECTION

RRLLY | N 13.747 m

12834 m
18.169 m

T3/T3A....T7/T7A tunnels




T8 and T8A tunnels
(ADECO-RS typical sections)

SECTION B2 SECTION C2 SECTION C2W




T8 and T8A tunnels

(ADECO-RS typical sections)

Core-face protection
by means of injection operated

S Core-face protection
through fibre-glass structures

by means of fibre-glass structures

equipped with manchette valves Core-face protection
by means of infeclion operated
through fibre-glass structures Core-face protection
equipped with manchette valves by means of fibre-glass structures
—— —
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Cubic metres monthly excavated for each excavation face

NATM versus ADECO-RS

B ADECO-RS
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Average production of completed tunnel
Montly metres for each excavation face

NATM versus ADECO-RS

B ADECO-RS
21 1 I NATM

Metres of completed tunnel/month/face



Time (days) between breakthrough and final lining installation

NATM versus ADECO-RS

I ADECO-RS

T7a 91 [ INATM
T6 133
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T4 163

T4a 16C
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COSTS
NATM versus ADECO-RS

PARTITIONED FACE
(Tunnels no. 3 and 3a)

FULL FACE
(Tunnels no.8 and 8a)

PARTITIONED FACE

Section type

AREA = 120 m2

Total co prr m 1 412 67514 2 302.424.00

(Tunnels no.3 and 3a)

FULL FACE
(Tunnels no.8 and 8a)

! ~ 2>
AREA = 136 m=

241112026

The experience gained in Sochi shows that the NATM was generally more
expensive than ADECO-RS because of the higher cost of workforce and
machinery (NATM employs a number of workers on average 1.5 times higher
than ADECO-RS and a large number of small machines against to a few, large and

powerful machines used by ADECO-RS.



T8 and T8A tunnels
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T8 and T8A tunnels



T8 and T8A tunnels




ADVANTAGES OF ADECO-RS APPROACH

-Tunnel is designed as a 3D problem

- Design stage and construction stage are clearly separated
- Few workers at the face

- Pleasant working environment at the face

- Safety during construction

- Industrial production

- Respect of expected construction costs and times



A great example of industrialization of the excavations in difficult
grounds for nature and stress fields at stake, in one of the most
Important yards in the world, active from 1996 to 2005 on 104 km
of tunnels for the new high speed railway line Milan-Rome-Naples:

SR



HIGH SPEED RAILWAY SYSTEM
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HIG SPEED RAILWAY SYSTEM
MILAN TO NAPLES RAILWAY LINE * BOLOGNA TO FLORENCE SECTION

SOME CHARACTERISTIC DATA

Lengths

Length of the Apennines crossing (from Pianoro to Vaglia): 78 Km

Total length of the junctions at Bologna and Florence: 12 Km

Total route: 90 Km

Length of the route underground (from Pianoro to Vaglia): 73 Km

Length of the underground part of the junctions at Bologna and Florence 11,5 Km

Total length of access tunnels: 9,2 Km

Length of service tunnels: 10,6 Km
Total length to be tunnelled: Km

Tunnel cross-sections

Running tunnel average cross-section: 141 m?

Access tunnel average cross-section: 60 m2

“Ginori” service tunnel cross-section (to be bored using a shield): 31 m?

Total volume of excavation: m?3 coh




MINED TUNNEL SECTION TYPE

TUNNEL
CENTRE LINE

141 m2 AVERAGE

EXCAVATION SECTION

RE.65-6.35 m

TRACK
CENTRE LINE
TRACK
CENTRE LINE

9.13 m
12.70-13.90 m

8.36 m
11.60-12.00 m




Survey phase

-

BOLOGNA _ FLORENCE
J— 2 5[4 [z s [z o g —
FORMATION o) u = | = mom = Wil | | s |51 FoRATION
= “"‘*- e : L L s S N LN | B B N1 [ n] U 1T F“J, CVATER
IMFLE #cius CERTRATED P f— - - - e e © am a mn - [— ¢ om o maa owom [COMCEN ia.cl’-:‘; INFLO
LENGTH OVERBURDEN Cohesion [Mpa] Modulus of elasticity
FORMATION [m] [m] Angle of friction [°] [Gpa]
Schlier Marls (EmS) 2012 0 -120 (Pianoro Tunnel) c=02503 ¢ = 28-30 E=29-34
Pliocene Intrappenninico Superiore (EpS) 11445 0 - 245 (Sadurano Tunnel) c=0507 ¢ =28-30 E=30-860
Bismantova Marls (EmB) 7055 0 -140 (Monte Bibele Tunnel) | c=08-1.35 ¢ = 29-33 E=40-60
Flysch di Monghidoro (LaM) 9115 0- 290 (Monte Bibele Tunnel) | ¢ =0.1205 ¢ = 23-35 E=30-85
Chaotic Complex (LC) 11187 0 - 520 (Raticosa Tunnel) c=00307 @ =10-25 E=01-18
Marly-Sandstone Formation (RMA) 39961 0 - 550 (Firenzuola Tunnel) | c=2022 ¢ = 24-38 E=15-20
Clays of Mugello Basin (aBM) 7404 0 - 80 (Firenzuola Tunnel) cp=0.03 q:-‘p = 26-28 E=001-03
| limestones c=10-14 =42-45 E=7-15
Monte Morello Formation| ——"—""=___ 13861 25 - 560 (Vaglia Tunnel) hd
(ScM) clays and marls c=018024¢p =-28-33 E=2-8
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Diagnosis phase
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Therapy phase

The main principles on which the design of the tunnel section types was
based were as follows:

1. full face tunnel advance always,
expecially under difficult stress-strain
conditions,

2. application where necessary of pre-
confinement and/or confinement
measures able to anticipate and
neutralise all movement of the ground at
the outset or to absorb a significant
proportion of the deformation without
collapsing;

3. casting of the tunnel invert immediately
behind the face, where necessary to halt
deformation phenomena promptly




SECTION TYPE
LONGITUDINAL DURING TUMMEL WITH FINAL
REESLR, FROFILE ADVANCE LINING
]
o .
<L
I-”.- * Ll
it o
-
=
s
i Profile of axcovation EmmmEEFingl Tning / Tunnel invert
Shoterete [/ Stesl ribs
a
=L
k (n
5
~
et Pripfile of excawgtion EEEEEEFinal lining J Tunnel invert
— Shoterete / Steel ribs Rock bolkts
o
= o0
B w
=/ | B N u
>
'_
2 250 | H d S e ]
——Proflile of excavation z=z==Findl lining / Tunnel inm
Shotcrets / Steel riba
——
on | =4
Iy .-\--r Li-l —_—
0w
- __ —
'_
3 I ——
‘i Profile of excavation ErzzzzFinagl ning / Tunnel Invert
= Shotcrete / Steel riba Reck balts
™
= o
B w
| o
—
=
N [
= Profile of excavation EEzzzFinal lining / Tunnsl i
Shotcrate / Steel riba ——— - Fibre glass




SECTION TYFE

LONGI TUDINAL DURING TUNNEL WITH FINAL
PROFILE ADVANCE LINING

Therapy phase

TYPE B3
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TYPE B4
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- Fibre glass
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TYPE C2
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SECTION TYPE

LONGITUDINAL DURING TUNNEL WITH FINAL
PROFILE ADVANCE

Therapy phase

TYPE C4v
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DISTRIBUTION OF DIFFERENCES IN SECTION TYPES BETWEEN THE FINAL
DESIGN SPECIFICATIONS AND THE TUNNEL AS BUILT

HIGH SPEEDICAPACITY TRAIN - Milan to Maples Line - SECTION TYPES DISTRIBUTION

FINAL DESIGM AS BUILT

SECTION TYPES DISTRIBUTION [m] L Tunnallnl:l Inngﬂ1 SECTION TYPES DISTRIBUTION [m]
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Final design specifications: Tunnels as built:

(A =17 % (A=34.7%

Section types: {B=57% Section types: {B =53.7 %
| C=26% | C=11.6%




INDUSTRIAL-LIKE PRODUCTIONS

METRES TUNNEL ADVANCE IN THE PERIOD JANUARY 1999-OCTOBER 2005
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anYPEtw

with preliminary lining

TYPE Y
with preliminary lining

SURVEY ON THE FACE

MEASURING STATIONS

[ TYPE:W

with final lining

TYPE il

with preliminary lining

KEYS

Pressure cell

Bolts or targets equipped for measuring
the convergence

Load cell

Shaft deformation bars or pressure cells
TYPE y Targets on the final lining

TYPE-fl

with final lining

Multibase extensometer
Sliding micrometer
Extensoinclinometer

Piezometer

with final lining

=3 F |

ol
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EXTRUSION BY USING
A SLIDING MICROMETER

CONVERGENCE




Vaglia tunnel
Ground: limestones, marls and sandstones (Monte Morello Format.); Overburden: 600 m, Behaviour
cathegory: A-B)




Behaviour cathegory: A)
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Monte Bibele tunnel

Ground: marls (Bismantova Formation); Overburden: 40 m,
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Firenzuola tunnel
Ground: marls and sandstones (Marnoso-Arenacea Formation); Overburden: 500 m,
Behaviour category: A-B



Pianoro tunnel

Ground: slightly cemented sandstones arenarie (Pliocene Intrappenninico
Superiore); Overburden: 150 m, Behaviour category: B-C




- geeg| ’*'.
: .;-VW'-':’ R ' ! B
Monte Bibele tunnel
Ground: flysch (Monghidoro Flysch); Overburden: 200 m, Behaviuor category: B-C
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Raticosa tunnel
Ground: scaly clays (Complesso Caotico), Overburden: 550 m, Behaviour cathegory: C



Firenzuola tunnel
Ground: silts and silty sands with intercalated pebbly (Bacino del Mugello Formation); Overburden: 40 m,
Behaviour category: C




Vaglia tunnel
Ground: ; Overburden: 15 m, Behaviour category: C




In tunnel
construction
entrances often
presents
situations that are
very delicate.
Even in this case
= the
= | preconfinement of
' the core-face
allows to begin
the tunnel safely
and without
defacing the
slope with
disproportionate
INCisions
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NATM and derived methods




| A.DE.CO. - RS I

Analysis of COntrolled DEformations in Rocks and Soils

. B
DEFORMATION RESPONSE

Analysis Control

Stability |5 Category A ~_[lg Preconfinement action
Extrusion () Category B

Face failure JA Category C e Confinement action

o
Theoretical evaluation Experimental measurement
of the expected deformation response > ofthe real deformation response

and preparation of the design

\ / DURING THE
‘ . CONSTRUCTION
DESIGN AND ITS FINAL CALIBRATION STAGE

- -
TUNNELLING INDUSTRIALISATION

(respect of the predicted contruction times and costs)

Today, the industrialization of the excavations both by mechanized and
conventional systems is a reality and underground works are finally real
engineering works due to the respect of times and costs



(“Tunnels should be driven full face
whenever possible, although (today) this
cannot always be done....”) (Rabcewicz,
1964)

“The strategy for a project needs therefore
to be fashioned in considerable detail
before major resources are committed”)
(Muir Wood, 2002),



ADECO-RS

ANALYSIS AND CONTROL OF THE DEFORMATION RESPONSE

NATM and derived methods
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B
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It acts preventively on the core-face
anticipating extrusion phenomena

They act late in the cavity accepting
the convergences
and then the convergences

i < B
Secure stability

Precarious stability

RERSAIL
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A brochure on “Design & constructing tunnels — ADECO-RS approach”can be

downloaded from the www.rocksoil.com web site.






