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EPB TBM

Scheme of the main components

« 1. Tunnel face

» 2. Cutting wheel

« 3. Excavation chamber
» 4. Pressure bulkhead

« 5. Thrust cylinders

« 6. Screw conveyor

= 7. Segment erector

« 8. Segmental Lining

- Conceptual scheme of face pressure control

Ground and water pressure  uulp Counter-pressure inside the bulk chamber

Excavated
woly

Excavated volume  Jumlp Extracted volume
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Cutting wheels: typical aspect
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Field of application

clay st sand gravel

E -
: s
5 § conditioning necessary
Tl foam and additives »
i i
2
G081 ¥ 1 2300 s -

sieve size fmm]

s »

Clogging risk

Consistency Index I

normal clogging risk

Plasticity Index Ip
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Sensors
counter-pressure inside the bulk
= chamber fransducer {o control the pressure of
backfilling injection

ground and water pressure
acting on the face

pressure fransducers inside scale
the bulk chamber
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DESIGN PROCEDURE OF SOIL CONDITIONING

L aboratory tests

H -

| CONDITIONED -
/% SOIL S

w

 CONDITIONING | Choice of environmentally
| AGENT ‘ acceptable agents

FOAM PRODUCTION

AR

WATER

FOAM

7\

FLulD

SURFACTANT
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Soil assessment: role of grain size
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Soil assessment: effect of long chain polymers
10kg dry Material Saturated Materal Treated Material Siump
Hatwral monogranusd ' -
sand
IlivenWasr
Ho Polymer Added
Hatural monogranugt
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3 Livres Water
St Polymer Added
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Differences conditioned soil-wet sand: torque

160 === Dy sand
Monogranular sand === Saturated sand
‘ IR 40w 5%
= FIR 4% w 10°%
o= FIR 40% w 20%

torque [Nm]

time [s] 3000
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11 FUNDAMENTAY PARAWETERS
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ROCK TOOLS

Typical cutter head (rock tools + scrapers)

Rock tool and housing
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WEAR PATTERNS
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CHECHAR ABRASIVITY INDEX (CAl)

Scheme of the test

Pulito imit Hanrdie

1 second

kg (15D} HCAD

Hard steel point

Sample and tip during and after the test
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SIEVERS’ MINIATURE DRILL TEST

8.5mm  110°
|| >
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Scheme of the test
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ABRASIVENESS AND DRILLABILITY

CORRELATIONS BETWEEN LABORATORY TEST RESULTS AND MECHANICAL ROCK
PARAMETERS

Following the determination of the abrasiveness parameters, the next step is their understanding in
order to reach a more global view of the rock mass conditions and then evaluate the effect of
abrasiveness.

CERCHAR ABRASIVITY INDEX

The Cerchar test is a very quick and simple testing method for rock abrasivity classification.

Yet, some technical factors have a reasonable impact on the results of the Cerchar scretch test.

As consequence, in order to obtain good and comparable results, there are some recommendations
for the procedure.

e Use testing pins with standard materials properties.
e Assess the flat area to evaluate the pin wear flat diameter.

Test results can be compared with standard CAI values determined on broken surfaces by using an
empirical correction equation.

The comparison with “standard” rock parameters gives rise to supposition that the abrasiveness
index CAI is mainly influenced by two factors.

e Rock deformability.
e (Content of abrasive minerals, especially quartz.

The typical range is the following.
CAI =0,3+5,6

Several studies give the correlations between the abrasiveness index CAl and other wear
parameters.

e Correlation CAI — quartz content.
West proposed the quartz content being the main geomechanical parameter influencing the
CAI value. Actually, quartz content is also affecting the deformability modulus of the rock
mass and so the link between the two parameters is not so much direct.

e
1 G
J n
3 =

e amittes ffrom regression

standard deviaiion ..
B

Cerohar Arasiveness Index [GAT [}

o 20 an ] e 00
Quartz Content [%]
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NCB CONE INDENTER TEST

The NCB Cone Indenter Test is a handy and cheap test, where we perform just a penetration and an
indentation.

The test does not require the preparation of accurately shaped specimens, as it consist just of a
penetration and it determines rock hardness, by measuring its resistance to indentation by a
hardened tungsten carbide cone.

The cone indenter hardness value is obtained by dividing the force, i.e. spring deflection D,
necessary to cause penetration of the specimen by the amount of penetration P that has occurred.

The cone indenter has so far been found suitable for all rocks with a grain size of less than 0,05 mm,
the limit at which grains just become visible to the naked eye. Otherwise, penetration might occur
inside a grain and not in rock mass.

It is possible to use the indenter to test coarser-grained rocks, but the indentation should be
between grains rather than one them; if the reading are made on a quartz grain, the standard cone
indenter number will be between 8 and 12.

Furthermore, the micrometer must be screwed slowly clockwise until the spring deflection, as
indicated by the dial gauge, is equivalent to a load of 40 N — this should be 0,635 mm approximately.
Finally, in case of large specimen, it is also necessary to control the position of the sample within
the test apparatus. If the specimen is loaded in the middle, it will cause excessive deflection of the
plate and the gauge will not give the correct indication. By consequence, we have to load the sample
close to the edge.

The best solution would be to use a small sample, if possible.

Not recommended
{loading in the middie}

Recommended
{loading near the edge)

Even if the test is simple, the accuracy of the cone indenter may be verified by using it on a suitable
material of known strength.

The values obtained using the cone indenter have a strong correlation with the uniaxial compressive
strength of similar rocks UCS.

UCS [MPa] = 24,81 + 13,8
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Table 1. AVS classification for rocks based on the NTNU/SINTEF database of 1590 rock samples

Category % of Total AVS
Extremely low 5 <1
Very low 10 2-3
Low 20 4-2
Medium 30 13-25
High 20 26-35
Very high i0 3644
Extremely high 5 >44

Table 2. AVS values for some sedimentary rocks and quarizite tested at NTNU/SINTEF

Rock Type Number of Samples AVS

Limestone 17 0.2-1.4
Shale 17 0.4-10
Siltstone 4 0.4-44
Sandstone 36 0.4-52
Quartizite 20 17-63

Based on rock testing, the content of quartz and other hard minerals like garnet and epidote have a
major impact on the abrasion on the test pieces, but grain shape and grain binding may also
contribute substantiaily.

The test results, however, provide a good basis for comparing the abrasiveness of the respective
soils, and by comparing the results with those for rock, useful indications of relative abrasiveness
may be obtained.

SIEVERS’ MINIATURE DRILL TEST

The Sievers’ drill test gives a measure for the surface hardness (or the resistance to indention) of
the rock, by performing different tests in a single sample.

The Sievers’ J-value §; is the mean value drill hole depth after 200 revolutions, measured in 1/10
mm, from 4 to 8 holes.

The S, value measured parallel to the foliation is use to find the Drilling Rate Index DRI; if the S;
value for drilling perpendicular to the foliation differs from the value for drilling parallel to the
foliation, the drilling rate will most likely vary with direction to the foliation.

This parameter helps us to notice a significant difference in the surface hardness between a
quartzite sample, where there is no penetration, and limestone sample.
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CALCULATION OF THE DRILLABILITY INDICES
Drillability indices are used in the performance models of excavations.
DRILLING RATE INDEX

The Drilling Rate Index DRI is calculated from the Brittleness value S, and the Sievers’ J-value S,
by using a plot.

In the plot, we enter with a certain Brittleness value S,o, we intercept a curve corresponding to the
known Sievers’ J-value S; and we read the Drilling Rate Index DRI on'y axis.
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Depending on the Drilling Rate Index, we have some classification categories of rock mass, ranging
from 0 to 100. Actually, the extremities are very hard to be reached.

Category DRI
Extremely low =25
Very low 26-32
Low 33-42
Medium 43-57
High 58 - 69
Very high 70 - 82
Extremely high =g3

In addition, we can identify a correlation between the Drilling Rate Index DRI and the uniaxial
compressive strength of rock UCS, for different kinds of rock mass.
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CUTTER LIFE INDEX

The Cutter Life Index CLI is an important parameter in TBM excavation and expresses life in boring
hours for cutter rings of steel on tunnel boring machine.
It is calculated on basis of Sievers’ J-valueS; and the Abrasion Value Steel AVS.

)
LS

Each rock type has a range of variation of Cutter Life Index, referred to bored tunnels in Norway.

Limestone

Calcerous szhale

Green schist

Phyllite

Mica schist

Mica gneiss

Granitic gneiss

Amphibel, gneiss

Quartz schist

Quartzite e

Basalt

Trondhijemite

[+ w20 3 40 50 & 70 80 90 100
Cutter Life index, CLI

RELATION BETWEEN THE DRILLABILITY INDICES

On the background of the original classification done by Lyen and Selmer-Olsen, in 1960s, and more
than 2000 samples that later have been tested in the laboratory, the following intervals are
recommended for the rock categories.

4 Category DRI BWi CLl
Extremely low -25 -10 <5
Very low 26-32 11-20 50-59
Low 33-42 21-30 6.0~7.9
Medium 43 -57 31-44 8.0-14.9
High 58 -69 45-55 15.0-34
Yery high 7G-82 56 -89 35-74
Extremely high g2 - 70 - 275

We can also analyse the correlation between the Bit Wear Index, the Drilling Rate Index and the
quartz content, divided into 7 different categories.

© Proprieta riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55 - Torino / Pagina 59 di 130



© Proprieta riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55 - Torino / Pagina 61 di 130

2 Colorado Schaol of Mines tnehaf (coM mefhad)

st with 3 didal

15 an andyhical penetration model based on the linear ating L
R

IR Wnealr adtng te ‘*‘“,r;@f@ Q. raiatng cadting Yoo

_consideration of cuter dise. B} .

i
| hois fxed [ to & bha %A,ﬁgxg
Wgsf\;g Honart ding Y ,,:iig-ﬁsj:p,,'%i‘\g,:b\m;tﬁ
A ?r:azm;ﬁ%i sh Hhat T e

o d
S to repfaduce. the ) ehagicar of 4 ool
1o F be +
,ga.

PARANETERS | |

C
L

..,
Z
‘
=
‘W\

: S‘Eﬁvé; 3%%’8&,%, 4 Ocy g.m

o
v
=
A
i
5
2
a

fledhmcal pal
SNe. e

—
o
£ 8

ﬂ
Y
:
¢
i‘\’;: ,(
Lﬁ:ﬁ S
A

=
.
)
¥
=
®
«

ber, width  damedesr gad sp

]
v v Vv
ol ol =
e 2 Q)

©

=

s

o

=S
4“%’”@

{\\
! i %'j
-

-
mwbl‘
ﬂ H
Eg’iﬁ
o
(%4
\\w
il

..-nﬂ
!

|

(o

Nod usen A Model ..Y‘eiﬁx@‘:i‘;afg’h‘
o, MyTesad

I

J

ey

- %W .
3

b 28

th C,

R
0
F

e
s
G;\

NG Serde,

¥
e
tDid;;‘n
{
o
Lo

¥ %}{LL‘*S?, SALNS
e (QC—EAY‘CQQQV

A R
a peak of cortact Stresves
;e,,ezlm;m?m od | 1y ¥adial

T
v

&

)
28
5

b

. (}’32\3"\&

Q\ﬁ 91Qﬁ(

W" 5

¥ 4
5
e
¥
@l
})b)
'
2,0
v
bl
Jﬂ’
(0]
J

|

|

|

%——w

0
[ BN DY
s

&

S

A U!
o
%gi
-2
[#]
.
>
2
F
ot £
o
=3
o
¢,
L
-
2
)
(%3
|
cx
©
1
&
5
o
©
Fa¥
¢
14 I
3
©.!
A
D
[
3
2

mw

gAssﬁumP«:fm of pawet(ation .
o i3 By o povetiatiors ) in ferms of dugle of
NRACT 3008 @ [T '

T

i
: oo
o
o)

© Proprieta riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55 - Torino / Pagina 61 di 130




© Proprieta riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55 - Torino / Pagina 63 di 130

bon B OGN
e e

cometni cal des n ofF fhe. Sz,%cgémi )(‘iﬁ%
. oL - L ~ , oy
Faau) that the. Ramaonts af‘ﬂ\s;x i-fﬁé( g Qre pre - CASE in place
Jewnemts . dssesnbled V}:»-%Qf‘i‘?ég bahind the. hiel dbyl @ wiachire cdfle]
eqrient efeiind, g :
THickNE =g, ¢ the thickness depeudls on the fupnel didmeter aud | for
Lol L aareadl waeiny duchels| (B 26T 40 w) thickaess s '
+o 250 245 em
(n a5 oF big dimeter tuntels | Hhickness cqn goiup
FO con | ’ . )
SHARE
n STRAVGHT AUGRHENTS, we gl the rings can bs
et ¢ EQQ%,Q}QQA, o dhe AS | ™
T T T T clRied AUGNYENTS | the shape of thelring is
not aulde [decause Fhey are sharter in dhe iohér
=Y e, é“i'd EQA%Q( inthe! ouder Side ,
P Hhe dignmend bhas maay covrddtuces TS 2 ol Indoe_
Foluse lots oF diTecen types of Seprets
: , and the ?M»“‘:h Wil berome Q.é?”‘\?!&ae:}ﬁi bo | be
. i1 That!s m’hx_i we norrally adapt the, UnUEr 23l nng,
IR 1 which s @ hg e, oF sogenents | cut in coffain
= A way in Hhe | Asueal part, “with 84 dagle of
o \ [ 15 2° lon Hhe, twio sides 1ol
RS / With the unjuersal fing i e are. going fa%@xﬁggi@i
\ , W wnl have +o ?\%‘3’: ane. §‘§i§M AT in anel d EEton
;, &*é Hhe other &%{y\gﬂ% founded in the Q§>9c>$*? e,
dvrection . . L o . L
I ndelo s g cufvatuce. the selcond egqmeut S ot
3 ! 3 ¢
complerely | tated bat just oF cortin dearee,
Thank o o thin deqree of refation we cas do U Borent
cafudtue Bdius. "
L v N
The main CRASQPUECR. 1S Hhat wo need Lyt one <2t of tafmworts [i»f,
aéu\g@}& 4 of frrworks gi’,ﬁﬂﬁfé NG . ' S ] _
OF course | the, Assembly) dhould be sbre | paculd 2 %Q/El&ﬂgé where the
machine s, ' )

© Proprieta riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55 - Torino / Pagina 63 di 130




© Proprieta riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55 - Torino / Pagina 65 di 130

B . . : - . - .

SEGMENT SHAPES

1
SR &

{

'

o o

;

7 GUIDING ROD

STOR /«g ,\?
1{ '

ERECY
anplle
7

© Proprieta riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55 - Torino / Pagina 65 di 130



© Proprieta riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55 - Torino / Pagina 67 di 130

T‘{‘ki\« ﬁli@
Cu

i
=
(fﬁa
2. ?f :
B ?ﬁw%; g?
o

0.
S

=
5
R
Q)I
£

o
ug:xi‘{ém o azégsx,iclicj n

the connestion }pe:!m@vg tio Seamen

Idi HC;;"! tor fhe Qg
t realiZ

& wed |
s

,"‘Q .
2,0

o
Z2RRD)
4:,.5\.}:’
b &
A

o ad Lnce (od,
O g%@%xi} s realized itk pinsl | | -
B D] : "‘;Ra_z ¢ podl is iyt fa sta Silize, H'\ilé;gigg?f%yi‘} aad
8 } Il ,;;;kézas,d?t,?:;xﬁ Péﬂi’a:} by g &E,Q,éggimbiq ,ba‘i,
hey! donot have 3ay a;&ﬁgj‘w:j efflecit pa the %§céa§1
ﬁﬁiﬁi@gj QAG o i Ky ‘i‘@ﬂ!ﬁ %tféia ii_’%“;%{,
i i3 H
Pins tust b destaned| in order 1o have. 3d2opate Hexurd ‘;kfe,us%%-h up
to the (dosure oFf the ﬂt‘% RN Ny 5
L for wnstande. | in a tudnel of § m ofF didmptpr uith
”L“\;Z 5 [inlng 03kl with 7 seqments 30 cm thick | 'ench
_ ;§’/ , /iz\% Py \%Gmgwg ws,i} be & f&gm‘g&f&%,a . ~
A A §Q<§t&ﬂ\ﬂ% ﬁ‘i elesmoaints C;ng{afz;:ﬁ"ﬁ,ﬁiy wifh Plag, pias
iR 1 hade te cesist ol the Fleva@l load batarel thé cla terd,
/%f\ N ﬁ; berauQe Ahe (ininn will workias a cirgl enly when o 24
\ ! ;’é %*?;Faﬁ% the "iof,}g_mgi ‘stx Q&,«fa@%‘;{ié yu‘f%s(b 3;5, S ranfileser
aad pins have fo s spport them
Qn, ‘1‘8"5« :):H"S[ NL \{“C} Are st c:}é"\gj«m}giq eloments and 1%345 do pf é"@fg
A i@u§ torm Structufal Fandtion, : !
|
Doy gn | of Hhe wag“er?gag‘:aap Systew | L
J
[ Thel warerpfooking systom o Hhe laints 18 e vod with aaskets | ihich
Sre | 2aling ‘elements! paiticned 16 amoles dlacad on edth singlel dide of
Al Hhe ST TS close fo fhe axir gai;.f, [ St between fuo ﬁiéfﬁg NS
betwgea 4o Mngs dad  between twol SEaments |In one rin g Lo
The elemants afe they Jeensed one 3gainSE fhe other dnd Hhdnks o thi s |
we have MPERHMEARILIZATIo| and  ugrer will Aot 2 Fhe ugrh )
Ducina the, (nsflltion . the fuo seals  are predoed| againet each ofver
Aad é‘sfiﬁé s part . & wavigeus closure Kie o the RO ]
_ Burce ol the ' cfls , b
ldhen Taeks are el i&&:?z;ﬁ% the lseldsheind ta opon  dug. o 2lastic ceaction ) [:?;gﬁ‘
. ’ﬁ'\e v'%ai;ﬁzzgﬁg,&% #:5 op e.d E;.; ﬁh% i} LAl .2:;,? Pﬂg" s:aa&az{é:i@‘g :
Finally, 21 equilibiom is redched 'aad P hhe 2ol ha beeun well designed
- will guataaree the innperraeabilization, v
Ackudly | the asombly ,Ffség&;.vﬂa/ \s danoafmus tolualds ‘\’%ig*@g[g et
<®allng oF o elameini bebasde, ia!’sﬁ% MIS , W can 43 NAQR

faeen

© Proprieta riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55 - Torino / Pagina 67 di 130




© Proprieta riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55 - Torino / Pagina 69 di 130

.- . : B - . . ; . .. N . - . N - -

WATERPROOFING SYSTEM

Gaskets

Gaskets’ behaviour

© Proprieta riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55 - Torino / Pagina 69 di 130



© Proprieta riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55 - Torino / Pagina 71 di 130

| —> advancament of the, TRM

, nich 19 boudly Al heaviest
load which a seanént has \ B O O A O ) e

e

‘% \ gé%zaég Ih ofdef 1o Make ,i,fzij%ﬂ Ao dvane
i I jacks d aig Q. predure. on the Segments.
T = The theust! Bar &Aﬁfﬁ&g lacks crdates Somne
i ‘ stresve s i del the, segment | incly ;512% )

! bursting Tenale st ceNYes . Whidh can ke
] Cevalgatid with o structerdl sumenical podel
In i step | an importast design parameter folbe iMroduced
is the maximam e,iﬁﬁzﬁé aty & ;eqftabie, of Hhe jack sysitesn
) aa@»ﬁﬁf%_ ) oxcessyue ..Zt.é‘ééi% lead 4o ﬁxs«; —Egﬁxﬁ& of A%@
SLQmant . ) ! . ) _

—D clﬁ?ks%n DF )flné,uﬂh% ab a4 w >\ . CanDy AN S a2l As?za,iﬁf%,,, i
— is&sﬁﬁ dinal iy zegﬂ:éé} Ltie backFiling (which 1 g
Va4l xf\; et ion aw\\g,\mg,‘ a Fé‘&\é e | T .
§ i ~

—> oY oF the T]%h Jahich s Q%Q‘?gf f;;f{'t&cfﬁ‘\ 0 the cavves

A0S the all Qé Ahe shield ' hits dhe <§3j§@§%wﬁ3 el b
—> \Qwif!u tn stability oF e vi 3_3_«%&, seaments and thel

= Pof 1Q d

3
€
1y
o
v
- 2

R

Mg

v

NG oifelt desvan v“&%@ ites | W,\t%ﬁ ,H“@@g&; E)’:}sf‘%%éfi‘a}! PlopefTish | 0
« \ e s | & H
chargeregisties oF the TRy ) i
— excalaon cuter Shead diameres
— e f&‘yx Aag {,ét&m%i‘iéﬁf oF dhe dniald ) ) )
= st system L aomber of | acks  nlmber add size of the Hwist
S S f;‘f} 2 1, SMAXIT 8L~ C‘lfa)_.v., i‘*}x fgfg% ‘E‘:‘;&rQ T&é‘%ﬁigms?%lﬂf i B T
. _ € ﬂuég%,\ic;ﬁs% G,F 'ﬁ*%g,% } &:q; waﬁmwnﬁt‘fs%ﬁ-,} edo
@ .

e gt ant \iF‘f‘ i;\g = stenn s _ } - ~
Novpadil Lefekef V3 wmarbite As § YaCuwa e ot 10 small sng. Jin ¢
i ohll scxs as medngaical Erecthor wiNere. Seqaneindt ,{;i,s,\s Qre. \nSested
N A wechamcal cafnettion = the Mg‘i‘&”é‘cg carneation ofedfe @ lof
of §§s§;§{ Eﬁ(sg; And i”’%ﬁ\&ﬁﬁc’éﬁcﬁiv‘ﬁ %",é:; da_be. éiaéipq;l,%é,, wivt nocare.,

i

© Proprieta riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55 - Torino / Pagina 71 di 130




© Proprieta riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55 - Torino / Pagina 73 di 130

—2 DEEP TUNNEL (depth > (556)-

i
i
b
|
|
|

W G use, the CONVERGENCE - lconmpy eMENT METHOD  aldMg
09 indiahons ga the, wad it load acting oa the +Hanel
o Actually o oHen sse Hhe copded methad in dhis case

el

> &
}' ? y@lw:;
‘/‘;‘2 -t
U:, »
M_;@
&
3
Lo
9

Tlren . abtrer habing | assesnad dll the laqdsl, we make he sStradunl

SRR : B
) g/ﬁ\,~%é1 ’
: fff\%fif_gi _____

‘ ||
) ~,M
| I
! ———

i
i I

e
e
e

y fo e2achian I Temsion
ol will not reack P teasey - and ceaction
e L compreshion with stiffress bl
> Thys fype of tadel can be salved! with any
,,,,, strucrHafal cade ) IO .

© Proprieta riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55 - Torino / Pagina 73 di 130




© Proprieta riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55 - Torino / Pagina 75 di 130

H

Powadays, the tremd 1o +o use the sfeel cdgo w th less 'stepl | |
which is veplaced by fbers, 1 T b
The Rloesrs %}éi s Ngg,ai‘g to auotld lacdl beeaking oF SLaments

Ard 30 they do pot A et the Stabilvty oF Herunnel Lok dve
Gg\;’éi‘%g of the Fing Pplo duck I ter S o aesthetices @ad necessty |
o restefations. | | Lf

,..5\7
@
o
1 %
o
7
==
4

s
O

- proulds BB norrnal e pnefts [wore than 4 4o incredse ngéﬁ;ﬁ %@;\)
> lwod T counder-kegseqment | | LT T
: | ¢
- MQai;\& E\f oy Seapan@at L L
v
In jeach wolking cyde | e Insedt Ahe. steel cage into the paoulds
cast) aad havden with stedm — cuning. ::,Arz@ ety the Segmeat”
av d stace, W in 3n arey aad thea ig,,é: é—&ﬁ?@ v o dheMaching |
The farecast _§>;z;>g}¢ Pon is 8 desion pafdmeter becaade) i we
’\?ébg Ao WIBAG Togetadt oF the prddubsian ::;Ef*‘i,%f%&j abicatian
Pty el ol baue 4o stop Hhe excavatian lg}figé,g?%i,,,%gﬂ%%\éﬂk S et
_Able "o P oot de. gt Ahe, (\E% ments feo the Mdckigg, RN

© Proprieta riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55 - Torino / Pagina 75 di 130




o 2E5
e

1wk haoe o B Ssoibliies ta areate. the. P(gﬁ;{i} s
— ifaduchion of Stracku@ elememts | llike sael bars|or steol
»peSs
)
—5 v ofF N D N techno oges, i.e technigues ble, o
éﬂf\f\:i-fﬁ%% Yhe '%{?s N e ‘e!ire,f ties , ;m?qrgui;\% e lwedhaaical b@_ké;&;\émﬂ
These, yechn Qb@ es create é,dﬁé;i’i\:ma Anead the Face | i orderits
make la by QA SAuancemnesd E;%e.,?,

© Proprieta riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55 - Torino / Pagina 77 di 130

© Presupports dechnokay

e pressagport s technology can be pplied bath in canvetiony
ng &}\3, ;?j-ec& e AN 2o %;maﬁ&igg T st has bes Ef&é«@:ﬂ?ﬁé b

AN g By conpendional tunneling |

reNupports

‘ : L
presupports g defined 3a all the tech ﬁé)lc»%! es used Ho vmxxggfza/
ne %f\Q&k!}'i Mead of the taco .
ke (g ‘{m?@s@s} ble ol wiakie aa. 3duan deamend
=T Step o feasongble Jamgih i the PrESppart
e oveavate with sewmething launched She
o oF e Bde |

. Strachural elements
§.\+¥! o JG@P{C,&! €s:3:“{§\! g;%:fém ;&A,,GP ?){’C@iﬂti UA
; OF o Fenael leach Steel gfth Cofrespends fo
i o adugaceiment ep 10
=_;g N _The ox Jtion 15 e ne émﬁc!&f&g ta. %i/ baus:k
, Javert schemie | and the bench has @ é‘iz,vv\gcré»
Vg linvert. This demear closes the. |arch
i subected to he horizontall laads becgn st
yd Trey Hend to oyen %xg; ach dnd being Iti+te
QQ ¢ callEpoe] 4+ wd add alvs same boRy 4B
i \ zggﬁ‘te{b&l.a_fg% tho horzanal |odad
e, L we Banch Soma stvuctul@l elements) ghesd the face , N\ ovdey
o m@ﬁ@(? the &éLELAZQ;M%%A% ?{2,? N ]
Finallly | wie may - spply & face reinfdmennent by wsing hoer - glass
_elemmeunts | ot Cﬁ;e&s‘j \E-‘;;,Sxf qran-teg|

© Proprieta riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55 - Torino / Pagina 77 di 130




© Proprieta riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55 - Torino / Pagina 79 di 130

Presupports geometry

© Proprieta riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55 - Torino / Pagina 79 di 130



© Proprieta riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55 - Torino / Pagina 81 di 130

,g“)f,z, can ﬁf}?\q

can that 9\ pe
ndination aad the 3

| bé;&&% —are dnilled with certain
ot c)ﬁm,i;\% of the Sheef i)i[ria Ahead of the

o
N7
)
)
3
Lo,

&
i

J)
=
o,

e anadhing ha

- . . - j . - . . . - ’é’-
[ I e U A O O g AS lcansequence, each aduaacement Eii
has i%’ﬁaxi,%*gﬁ cone Shape avd | the Hunag
shape, wll e Tooth-Saw shadpe [“ ?3{%&:&
— e aldewe diSeay") beeduse, 3F edch step,
e _ oL the BV NS Ap Sad then reduces.
o LA A Them, e we| cast thel Hnal alres | 4he
e ﬁgﬁééﬁ,‘és@ =1 _ . H i Y
i ys I ' 4 oac
el 9 TS Aunnel ﬁf\%ﬁﬂ will [o2conrne, coq ular
) N

SR Indeed | W s oy Bin thickaess
T L aad | wih gl hafizon kil heles, Hhe tunnel
L Wil %e;b raffoer ducing the dduancempnt
Lyt Bl consequence ar e { 1o diveliqe the
. = E;iﬁ .
L4 A |
.,féub:jmmr\‘zmz%&\g hales ran bedone oty i

Specidl cAses | .. e vcauate jutone
_Sdarcoarheiat Steb.

This gﬁ?@j i pix@b the, uSR o é‘s%?%ﬂi %ﬁﬁgﬁ by ~ 2ovh et
caaf uat ure FaghS ég@ X Q Jﬁﬂg, %(\gégé%‘ N 15'\\3 1S AUV éﬂi::\.g, ating

his 51?5*.‘23,«;«; bt £ cco pRd

~OF codlye vie will hﬁﬁf\?w%é usT ‘&%:,é\f 1 y %g é&é'ﬁ\@gg are
dhe e akKest !,,éfxé we. Gl ‘m;\? %%2, S3ang piotie. B e b, |
A important dspect | I8 sheel o F@m%é' V, steal
Pipe. ‘g \n ée%fmée}:{t aAé,iingg,, are: act hWnked 4
e By ,@ém‘ﬁg@w be§ e, hawe, 4 s\ will
. ?5’51‘ % L e Rc\u\b@‘mé@f\ one pIp ther
SR Bad ke Systew will worl
A mﬂs m\*’}h OYH which
Al befwees

Ny

ggﬁﬁﬁvs 4 Su 1 :

b e pipes 3 d prvents the flow.
. o In Voose (diean sands

Sushes. ¢
;ggi LIV § ok Qooq.

st
B
19
2
L
;
S

OBRSERUNTIoN ;| we \fzswé,,x o tgko \9%9 dcenant H é’i‘, Halo opevat Yon of
Linstallaticn oF styushioral elementd will et of in Ahe wycha

© Proprieta riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55 - Torino / Pagina 81 di 130




© Proprieta riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55 - Torino / Pagina 83 di 130

DENGN PARAMETRRS
b lorefax betmeen PP
In navmal ools, weusel |
IRE B 3 py <>r NS wax b iy €§ M
ise pipes | (wax b pipes|wn)
ot -G} _ _ D TR . . : . !
g? ",\‘% | adead | we bhavel certain press Stan M dniling the
¥ pipes yad e made hewn tloser| one Bauld
g : ? Lol e other gteal. ,
/ \
Q- O b o . >
] IR We Wy asess the Infefaxis froum the nsk of the
| ol tolgs hlougl ad calculate the aeh offpct
Llal ]3@;};&3‘2/‘%’/‘3'% one, Pipe Ang ’Y{“‘% other
o Do L - L1
) [ e load is wainly | vaxticdl | goina down with
X t ; ; ‘\g i % é :
g The ofth v, cda in'erease the Rrdefany beeguse
i the Voad i3 smdler inthe botiows part, The
g ;‘; iergaxis an ne @pf’ﬁs Lo~ 65 cun.
E ncadel oF impoY iyt lhari2ontal (od¢ | Qlso
the piped wil © be clase. fo 2ach other 1 e
atedal Sdel 3ad intedaas ol have Hq ke
h@‘;"%x PNSODUD
L3
> 1£N\£’;;’“\ o the py pes
ES S‘%ﬂ&%\i\cﬁimg%% on the MACHING aualable. an Site but the, mini-
B XV IR g oF nable Value 1e 42w i _
P &}{m"éiﬁﬁ"@ﬂ\i\ snndll maadnine s, we will habe g E:“‘QF foo much
_94d Hws techa °Q Wl nof be corvermient, R
_’:E&lgiiﬁ&s’!’ wiachin s | cax dnll yp ko 24 wn but | '\ such & l@y\%
Fa@tion . we wiay haves prablein oF diversion . Thos, lwe. il |
- } L{ i H
=ty i VS e N
. Q=42 ~ 45w
"";”9 AR \
rlapping
e | assesswnent of %ﬂg ouey) 5@‘%@5@ S ?‘gsﬁgé&ﬂ’@é thy ;:m;;i{‘ e
el otabily ‘i"kg aluatrion ' o
. ?\Q '%*\h fg'j}?,@!\f:;é/ té Ax'\d%zmSTQu‘ & %‘;Qi)éf g Nv@ﬁ'\aéj 15
L the, o&ﬁ—,“ﬂ IN:S should be, bigger thaa the oty dal
Z Sagle ) oHheanse we will See. the. crention of
yd _ dﬂﬁ@ Loa- B _

© Proprieta riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55 - Torino / Pagina 83 di 130




© Proprieta riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55 - Torino / Pagina 85 di 130

O vl

noaxs

-

nus, e c}ﬁé\:aﬁ leu §~h is a'%;ii'itza/, b e Maan Ahe

T
| berwesa Yhe <

S
4
=5
o »)

)

ay I J W, innagine. the beaan ke o Rundation
v /N N supported by Springs a~dihinges - sheel ol
| e s s . the, naoded | bt o 9o Ao prorg, preaite reSults bat
, the deRinition oF the geotechnical propesties
=regd fb of e %pg‘i.h%; 1> guite camplex .
it is ’g@iﬁsﬁxg sapgestad o éii‘za% +he Qéia..:,gf;
Q) ;&rﬁ:; Dhinklesr ﬁ&;ﬁé bar Rundations,

é;ﬁ?\lé Fions
=) TONNELS i

S
ARy UA TN, aﬂ}f
é -

ﬁwgﬂmﬁaé 2.0 “c}< . P
Aot be ereated aad it applies the, Tull vertical load .
) AVERAGE DEFTY TLNNELS !
we_can vae Hhe dead-load 3pproach | hke Ter Ei‘ég[hi low | |
Furtheyware. | 1415 Sugaesitexd +o apply fush 50+45 9, of the Voad
S . [ FP "g [N . ® )
aluated 1 Ahis wB g Hrahkis it HHe mse of the! 38 e FRect
af the tunnel Face | lladeed, part of 4he vertical lead is
[ Sbselbed by the Rece ]

© Proprieta riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55 - Torino / Pagina 85 di 130




© Proprieta riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55 - Torino / Pagina 87 di 130

. R - . A - . S .- . E - ..

JET GROUTING CANOPY

Jet grouting
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