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0 Gotthard Base
o Groene Hart

O Appennines 72 Bologna  Florence

O Cdand

O

O 27.39 10.15
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NAPOLI Crypta
Neapolitana , Grotta di Seiano , Grotta di Cocceio
3.1
31 NAPOLI
(m) (m) (m)
Crypta Neapolitana 711 4.5 45 52 2
Grottadi Selano 780 40 65| 50 80 3
Grottadi Cocceio 970 4.5 45 80 |5
K. Kovari 1960

(The Control of Ground Response-Milestones up to the 19605s)
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(1) Fayol 1885
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(2) Luthgen 1929
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(3) 1912 Wiesmann
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(4) 1957 Mohr
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3.9 (Frohlich , 1948)
®)

1911 C.E. Akeley “
(cement-gun)”
C.Weber , G.Senn, M.J.Stam ,
“ guniting” torkreting”



Knox and Potter 1920 Cdumnet & Hecla
Conglomerate 1500m

“ shotcreting’ . 1920
1927 Umberg Tunnel
3.10

3.10 Ulmberg 1927

(6)

Stephan Frohlich and Klupfel 1913
(N0.302909) 31

312
1943 1950 1952



1950 (Wyo.)
Dam 250m

42Km Ddaware

211 21K

311 1913
Bpiftanm ans Weoge ., .
\ . -
i Arah ins 2 2
el ‘_. =
R
¥ [ '{ _ﬁ-&\;:__u____-__
—‘—'—'—‘-_J 4" ctisnnal o ,-'I-rl-nlﬁ weshe! [
Pillir :ﬁ e P
3.12.

Keyhole



(Weiss 1952)

=%
.
A T T T e T
"1- iy Nk -3 ] .

S B

£ - = g
AT

y (Talobre 1957)



e
] [=-
| <
| oy
{ ==
. [
| =]
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1930
1950 G. Senn
25mm 3mé/h
(shotcrete method)
1952
26.7 km 21.4m Maggia Verbano
3.16 3.17
1958 Como Monastero 15.2 km
( 7m) Senn (Lattice Girder)
3.18
1960

(shotcreting  method)
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3.17. Maggia 1952 1955

3.18 1958 Monastero

(8NATM

1963  Rabcewicz
( New Austrian tunneling Method) (shotcreting-
rock bolting — method)
New Austrian Tunneling Method NATM

O'Rourke 1913



(Bologna Florence

(Eurosﬁﬂl) TGV
FIAT Engineering Lunardi Consulting Engineering
(Milano) (Naples) (Apennines)
Bologna Florence 94 73 ( 78 )
1996-2002 25 9% 7
26
(Milan-Naples) 4.1

Bologna Florence

4.1 Blolgna-Florence

)



Blolgna-Florence 9 73.1 km

93.4 9 13
Blolgna-Florence 4-1

) 9
O 59,279.46 m
O 0.15

(2 13
O 8,841.64 m
O 9.35

(3) 72

4 Sedimentary rocks
O fine grained sandstone and marl-soft rock
O limestone, interbedded with marl, lutite-massive rock mass
O "argille scagliose’ formation : mass highly dickensided

overconsolidated clay with random presence of limestone boulders, shear
strength as that of an overconsolidated high plasticity clay with 60% drop

between peak and residual.
P.Lunardi( )

ADECO-RS
(Reinforcement) (self-supporting) (Control)

(Deformation)

(CORE FACE)

0 (Steble)

(2 (Stable in the short term) mm
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1)
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3)

(4)
)
(6)
(7)
(8)
)

(Unstable)

FRP
FRP 4-2 (The RUPM Method)

(Mechanica Precutting)

FRP

( S0/ )

Okm

10km 20km 30km

4.2 Milan-Naples Bologua Florence



| ITALTAN H-S SYSTEM

TYPICAL TUNNEL CROSS SECTION 1
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ITALIAN H-5 SYSTEM
SECTION "B2" - (CLASS "B”

|- FRONT STABILIZATION WITII FIDEE GLASS TUBES
Fiber glass ’su?ﬁ\

2— EXCAVATION (MAX 1@)
2.1~ ADVANGEMENT (MAX 1+1.5m)
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[ ITALIAN H-S5 SYSTEM

SEETION "C1" ~ (1A% 0"
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‘ ITALIAN H-S SYSTEM

SECTION "C2" - (LaAsSs "¢”
1- FRONT STAEILIEPATION

floer aloss tubes
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ITALIAN H-5 SYSTEM

SECTION "C4” — (CLASS "C”

|— FRONT STARILIZATION AND GROUND IMPROVEMENT WITH
F‘IBER GLASS TUHE‘?

Fiber glass tubes

= 1.506 —i
2 EXCAVATION (MAX 1@)

2.1- ADFANGEMENT {MAK lm)

2.2— PRE LINING : RIBS AND SHOTCRETE
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4-10
Lotschberg

1992
1998

57 Gotthard
Basle Milan Gotthard

Lotschberg 34.6

Raron Simplon

1994 1996
9.6
5.2 5.3

200km/h

1981

(Base Tunnel)

34.6 L otschberg
4
Frutigen
2007
( 5.1)
Kandertal
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(1)

Ferden 4

2001

2

Raron

€
9.45m

(4)

Ferden

Raron

Mitholz

51

Mitholz 15
(
4
4.9 Steg 2000
8.5
TBM 10.2
2004 2005
2007
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96m TBM
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Gotthard Base

57
Gotthard Base
Gotthard Base 200
140 1% Gotthard
600 800 6.1
4. 1
57 53 Aar-Massit
Gotthard massif Pennine
Middle Tavetscher Massif Aar Massif
Gotthard Massif
Pennine 6.2
35 1,000 20
1,500 5 2,000

2,300 45°C

6-1
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6.1 Gotthard Base
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6.2 Gotthard Base

5. 2
65m? 70%
35°C
/
Gotthard Base Faido
FKO~FK®6 FKP1~FKP3
I~VII 6.1 6.3

6-3

35



6.1 Gotthard Base Faido
(m)
(L1 )
m [( /m| Liem) [ L1 TYP L2 TYP | (LLTYP) | (cm) (cm) ()
L2(cm0 (m?/m) (m?/m) a
1 - - -
FKO | 3.0-40 gz 30 T 5 64.2 1437 | 1504
FK1 | 3.0~4C | 333 5! - - - 30 I 5 64.2 1988 | 2,082
52
FK2A | 3.0~4C | 467 5! - - - 30 I 5 64.2 2699 | 2903
52
FK2B | 3.0~4C | 467 6-8" - - - 30 I 5 64.9 1174 | 1,360
52
FK3 | 3.0~4C | 7.33 10" - - - 30 1T 5 66.3 2483 | 2561
Y 6-&
FK4 | 3.0~4%°] 16 15° 100/100/5/5 - - 30 v 10 69.9 149 | 1,510
107 25.09
FK5A | 30~4C | 21 153 100/100/6/6 - - 35 v 15 74.3 375 336
157 25.79
FK5B | 3.0~4C | 30 15° 100/100/6/6 | 100/100/6/6 TH36 35 VI 15 75.4 144 144
153 29.85 28.90 0.75m
FK6 | 3.04C | 30 20° 100/100/6/6 | 100/100/6/6 TH44 35 VI 15 785 45 45
8.0 0 20° 3047 29.22 0.5m
FKP1 5 100/100/6/6 | 150/150/6/6 TH36 30 v 15 70.9 41 41
153 28.90 28.59 1.0m
FKP2 10° 100/100/6/6 | 100/100/8/8 TH44 35 VI 15 739 50 50
15° 29.53 28.90 0.8m
FKP3 10° 100/100/6/6 | 100/100/8/8 TH44 35 VI 15 75.4 62 62
20° 29.53 28.90 0.35m
1. 2 3. 11,926 | 12,586
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6. 3.

(a)Erstfeld( )

(b) Amsteg (1.2 ) (c)Sedrun (1 ) (800

) (d)Faido (2.7 12%) (e)Bodio( )

1993 Piora Basin 1998
Piora Basin Sedrun 1
1996 800 1998 8 18
2000 2 Amsteg Faido 1999 7
2000 5 Alptransit AG
2011 6.4

| [ prwsd b B iy

|
| — peating

Farsred Lmn

| — Campston ol
struciural worky

i ey imlFamtrCTLIRE jmwjl.uh-'d
iFectaop




6.4 Gotthard Base

TBM (a)
(b) 6.6 (c)
(d) (e) (
6.2 Erstfeld Bodio Amsteg Faido
Amesteg Faido 25
Sedrun
Erstfeld Amsteg TBM Sedrun
Faido 2,300
25 150 Piora Basin
TBM Roadheader Bodio 16.5
TBM TBM
6.2 Gotthard Base
«C ) (m) ( ) ()
Erstfeld 7.0 300~600 <10 - TBM
Amsteg 115 300~2,100 25 - TBM
Sedrun 7.0 1,000~1,700 15
TZM-North
Faido 145 1,200~2,300 25 TBM
Roadheader
Bodio | 165 | 100~1,100 0|, Fado | BM
TBM




7. 4.

(1)Piora Basin 6-7
PioraBasin Gotthard Massif Pennine Gneiss Zone
1993 55
350 -
- /
Piora Basin 230 4
(Bs4.1~4.5)

6.5

ration shaft 10

L km o km

6.5 Piora

(2)Middle Tavetsch Massif



SBl1 SB2 SB3 3

1995~1997 2 SB3.2 SB4.1
1,750 Gotthard Base 5 5622.3 Middle Tavetsch
Massif 2 1.3
A. 1 70% (Weak rocks)
B. Clavaniev zone(CZ) : (Kakirite)
6.6 6-8

7 Kilometer 119 120 21 D

| Aar-Massif | Middle Tavetsch Massif (MTM) |Gotthard-Massif]

6.6 Middle Tavetsch Massif

8. 5.

(1)Sedrun

A. Sedrun 800 6



moddl)

39

E=2Gpa ) =23°

900
C=250K pa( )

D. Middle Tavetsch Massif Clavaniev zone

6.3

6-9

12 300

10kg/cn?

(spalling)
6.7 68 69

(Geotechnical

12~18



6.3 Gotthard Base

10.18~13.08m

0.30~0.70m

81~134nv

1.0m

( ) 0.05m

o0~ (W(N |-

TH44/70
1.00~0.33m
m 2.5~9.4ton

~

( ) 0.35~0.50m

8~12m
320KN
m 96~288m

12~18m
320K N
m 80~210m

10.

0.30~1.20m
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6.7 Gotthard Base




24 pleces /m’ 6-11 : B
rock
gverexcavation —« 2
0.33 ngga o
o R
TH 44/70 X 9
ghotcrete ‘ o
_]_

lining

v,

-

6.8 Gothard Base

{ excavation

——— overexcavation
" L. [@=070m)

D=13.08m
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6.9 Gotthard Base

6-12

FRACT

) Gattard Base
45°C 28°C
6.10
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6.10 Gotthard Base

6-13

2001  ITA

1)
Cologne-Frankfurt Nuremberg- Ingolstadt
Swiss Rail 2000 Gotthard Base
57
54 Brenner Base
2 Tauren Mont
Blanc 1999 12 39
Cologne-Frankfurt
1000
30
30 Gotthard Base
( 57 ) 325
Sedrun Faido
©)] Cologne-Frankfurt Nuremberg- Ingol stadt

Tunnel& Tunnelling Internetinal
1999 5 Cologne-Frankfurt
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ADECO- RS



ADECO-RS

The design and construction of tunnels using the approach based
on the analysis of controlled deformation in rocks and soils
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(2)

3)
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( 3~18 )
” "(theory of characteristic lines)
Lombardi ” "(convergence-confinement

method) Panet

NATM
NATM

1.

2. shotcrete

3.

1. -
2.

3.

4.

5.



WD oR

Tartaiguille
NATM
75%
1997SNCF

Coyne CETU

10~15
(NATM )
Marseilles  Lyons (New TGV)
1996 2 180m?
argile
GTE
Terrasol  Simecsol



, SNCF
1997 3 Rocksoil S.P.A.
860
ADECO-RS 1997 7

1.4m 1998

ADECD-RS -

18 ADECD-RS



Clerk of Works
)

Clerks of Works

140m?2

140m2

ADECO-RS
Bologna  Florence
Bologna Florence
84.5
ADECO-RS
Bologna  Florence
Bologna Florence
90 84.5



(turnkey)

1998 7 30%
32
1,600m

ADECO-RS



Arph effact

B O ]
:.-..-" s -h-.".:r'-
24 kL %8
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B iy £

e/ \

1 (Natural):

2 (Diverted):

3(Null) :

Arch effect

(Arch effect)

-10



co

11



Hﬁbl MHM

H}H.IIH
w!-.-
E.u-dﬂ
li'l‘lllm

“Veu rrman S ratmbety (hal weryssn of sgtenal o e lureel

Fig. 3 Perpoanch B Ermcetyal Crodies of P turee

-3
( 263 ? )
1. (Extrusion)
2. (Preconvergence)
3. (Convergence)



Synthasis of the second research phase
Tha sirain behaiour of the face-advance care system conditions the stiain behaviowr of the caity

Fall el gremnct
Procoryergimney gl
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\ I G intraced hriugn the Treorstica profle-at e tunnel
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(Fall of ground)
(Extrusion)

(Failure of the face)



The radial displacement of point a depends
an the fgidityaf the advance core

W

Ev =
L]
= o A .
L r-zﬁi- |
- SR (-
uk Al
| |.J:I"d-u:
i

| = r peirimicemient . = Egl

Il = reinfarcement af the coms (Fo = By
E.= modulus of slastiéity of the- oo
Eg = modulisof slastiony of the grogno

rg=0 P g F

5 (core)

(radial displacement)

(core)

(core)

(core)
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Ancona 1o Bari railway line -'Vasto' tunnel
extrusion-convergence diagrams related to the sdvance
Wy r.. - -

Crverganco
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10.0m

Fig 12 = J'
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Full scaie experimentation

Messures of SEtrision

Moasures of convargance

-8.1

17



e = e S p
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Measuras of sairusion
B3 & tunation of face
AvanE

( -8.1&2 )



measures of extrusion

Caloulation of the preconvergance af the cavity using
axperimantal

'En:hru; sl

L = SEAASIEN big. = raifin dianraton
af e oo al thib core
Fa. 18

-19




Face failure mechanism in relation to the
distance ot which the invert is cast

e ERtragion auriacs

e Eaibrursion wiifece-

-|J Section A-A




Calculation of tha iz of tha mver in
Emiting delanmsbian
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Technigues of pratection of the advancs care

Longitudingl sestom Als Socion A - A

Techrmques of renfarcomant of the sdvances cors
Core reinforoemant by means of fitre=-glass sructursd alemants
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Fig. 22

(drainage)




(overburden) (jet-grouting)

(precutting) (cellular arch) (FGT)
=] i

“Full faoe mechanical precutiing of pretursivel snd seinforcement of the core using glas- b struciural shements
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Sub-horizantal jst-gruting amund the cavity and in the care
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Type of effect exerted by the stabilisation instruments in use
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Tharapy phase | C1 type section with jet-grouting
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Htael e
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Conltrol
of the deformation responsa of the ground

( -17
NATM
NATM

-17 NATM ADECO-RS

ADECO-RS

ADECO-RS



Fig. 1a

Charncterisation of the medium .
Iy herrass ol fhe risch and sol mischianis

-
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