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Site Tnvestigation
Geology,

v
Investigation for Route Selection
Conditions of the Plan, Geological Conditions, Conditions of Construction, etc.

‘Pre]inﬂnary ]nvestigalicml
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Investigation for Construction

Face Stability, Ground Settlement, Environmental Preservation, etc.
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Basic Investigation

i ) Earth Pressure Balance Type
Mechanized Excavation Type Slurry Type
A 4 r
I Tnvestigalion of Ground Settlement |
v y
| Investigation of Additional Countermeasures |
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| Comparison of TBM Type [
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| Selection of Construction Method |

Detailed Investigation
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Type of machine Earth pressure balance type

Slurry type
N-value Earth pressure type High-density slurry type
Soil condition
Suitability | Checkpoint | Suitability | Checkpoint | Suitability | Checkpoint

Mold 0 X = S Settlement s Settlement

Silt, Clay 0-2 | - | - [ ;
Sandy silt 05 | = | = | -

Sandy clay 5-10 | = | - | -

ing b
Loam, Clay 10-20 S Jamming y. = =
excavated soil
Sandy loam 15-20 s ditto | = | =
Sandy clay ~ Over25 S ditto | = | =
Solid cl
clecay Over 50 s ditto s Wear of bit s Wear of bit
(muddy pan)

Sand withssilty clay  10-15 | = | - | -

Content of
Loose sand 10-30 s cf’ar;,ee\[‘s& I - I -
Compactsand Over 30 s ditto | = | =
Loosegravel  10-40 s ditto | = | =
High water
Compact gravel Over 40 S - =
pressure
Gravel with amming of
- s : 2 = s Wear of bit
cobble stone screw conveyor
Large gravel Crushin
g9eg = s Wear of bit S Wear of bit S . g
Cobble stone device
|+ normally applicable s: applicable with supplementary means X :not suitable
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Appiication ranges of EPB-shieids (Thewes, 2007)

o N

0.001 o 01 1 10
Grain Size (mm)
B0 water for consistency, foam for stickiness Bl o
2 Foam-+Polymers, waterressure<? bar - Foam+Polymers+fines, no wateressure
= Application ronges of Slurry.supported shieids (Thewes, 2007)
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Grain Size (mm)
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Brief description

illustration (example)

Tunnel booring machines (TBM)
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Brief description illustration (example)

Legend:

1. catting wheel 2. shield skin 3. cylinders 4. erector

5. support foot 6. gripper 7. excavation chamber 8. pressure bulkhead
9. openings 10. excavation tool 11. muck clearance 12. carriage

13. air bubble 14. suspension feed 15. suspension return 16. pilot tunnel
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Process-realted geotechnical
parameters for soft ground

description

Brif

Ortsbruststiitzung + Setzungsanalyse
Face support + settlement analysis
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Soil excavation

Verklebung
Stickiness
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Process-realted geotechnical
parameters for soft ground

description

Brif
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Soil conditioning
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Process-realted geotechnical
parameters for soft ground

description
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Bodenseparierung
Soil separation
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Soil transport and landfill
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Fels/Festgestein/Hard rock/soil Boden/Lockergestein/Soft rock/soil

Baugrund
Subsoil

standfest nachbriichig bindig bindig Wechsellagerung

bis nachbriichig| bis gebréach standfest | nicht standfest nicht bindig

competent to caving in to cohesive cohesive mixed
caving in unstable stable not stable conditions

Geotechnische
Kennwerte
Geotechnical
Parameters

non-cohesive

300 bis 50 50 bis 5 1.0 0.1
25 bis 5 5 bis 0.5

100 bis 50 50 bis 10

>2.0 bis 0.6 0.6 bis 0.06

=30 30 bis 5 30 bis 5

30

230 10

rollend rollend schalend schalend I6send/schalend l16send
Diskenmeilel) (DiskenmeiRel) (Flachmeifel FlachmeiRel) (Stichel/FlachmeiRel) Stichel
( )
rolling rolling stripping stripping loosening/stripping loosening
(cutter disc) (disc bit) (flat bit) (chisel) (cutter/fat bit) (pick)
ritzend ritzend ritzend schalend schalend 16send
(SpitzmeiRel)  (SpitzmeiRel) ~(SpitzmeiRel) (Flachmeilel) - (Flachmeiltel) — (Stichel)
notching notching notching stripping stripping Ioos<.-:-nlng
(pick) (poin bit) (poin bit) (flat bit) (flat bit) (pick)

asser/without groundwater or underground water Haupteinsatzbereich/Main field of application

sser /with groundwater or underground water Einsatz mdglich/application possible
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Haupteinsatzbereich/main field of

Slurryschild application

Geotechnische Kennwerte (Fliissigkeitsschild) (SLS) n Sggﬁggﬂtgﬁ insatzbereich/extended

Geotechnical parameters )
P Slurry Shield (SLS) . Einsatz eingeschrankt/application
limited

Lockergestein (Soil)

—

<5% 5-15% 15-40% >40 %

sehr stark stark durchléssig  schwach
very high high permeable low
> 102 102-10* 10*-10° <10*

breiig weich steif halbfest fest
very soft soft stiff very stiff hard
0-0,5 05-0,75 0,75-10 10-125 125-15

mitteldicht

dicht ) locker
dense n:jee(ri:gz loose
|
0 1-4 4-7 7-15
. ]
kein gering mittel hoch
none little fair high
BN
0-5 5-15 15-35 35-75 75-100
BN e

odlio | ¥ aylos | inbgiy yolino cramigo doliliad -

Py

(0]

Festgestein (

0-5 5-25 25-50 50-100 100-250 > 250

sehr gering gering mittel gut ausgezeichnet
very poor poor fair good excellent
0-25 25-50 50-75 75-90 90-100

sehr schlecht  schlecht maRig gut sehr gut
very poor poor fair good very good
<20 21-40 41-60 61-80 81-100

0 0-10 10-25 25-125 > 125

extrem niedrig  sehr niedrig niedrig mitt.el - hot?h g%?gg?ﬁgcﬂ
extremely low very low low medium — high  very hllgh —
01-05 05-1 =2 B=d = |DCpEH
kein gering mittel hoch
none little fair high
0 1-4 4-7 7-15
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Haupteinsatzbereich/main field of

Slurryschild application

Geotechnische Kennwerte N 3 erweiterter Einsatzbereich/extended
Geotechnical parameters (Fliissigkeitsschild) (SLS) u lication

sury e 65| e e
Imite

Lockergestein (Soil)

—

<5% 5-15% 15-40% >40 %

sehr stark stark durchlassig  schwach
very high high permeable low
> 107 102-10* 10*-10° <10°

breiig weich steif halbfest fest
very soft soft stiff very stiff hard
0-0,5 05-075 075-10 10-125 125-15

. mitteldicht
dicht ; locker
medium
dense loose
dense

kein gering mittel hoch
none little fair high

0-5 5-15 15-35 35-75 75-100

Festgestein (Rock)

0-5 5-25 25-50 50-100 100-250 >250

sehr gering gering mittel gut ausgezeichnet
very poor poor fair good excellent
0-25 25-50 50-75 75-90 90 - 100

sehr schlecht  schlecht maRig gut sehr gut
very poor poor fair good very good
<20 21-40 41-60 61-280 81-100

stopasisoniios [

&
"

Uiagjy

§ 0 0-10 10-25 25-125 > 125
> e e e e
>
. extrem niedrig  sehr niedrig niedrig mittel — hoch g%?gm’ﬁgcﬂ
1; extremely low very low low medium — high  very high —
= 01-05 05-1 1-2 B=4  [FUEyEEE
J B o -
kein gering mittel hoch
none little fair high
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[1]-EFNARC, 2005. Specification and Guidelines for the use of specialist products for Mechanized Tunnelling (TBM)
in Soft Ground and Hard Rock, EFNARC recommendations.
[2]-Langmaack, L., 2008.Chances & limits of soil conditioning, BASF construction chemical, UGC underground
construction group.
(3]-Maidl, B., Herrenknecht, M., Anheuser, L., 1996. Mechanised Shield Tunneling, Ernst & Sohn, Berlin.
[4])-Thewes, M., 2007. TBM tunnelling challenges-redefining the state of the art,ITA-AITES WTC 2007, PRAGUE.
[5]-Rheological Foam Shield Tunneling Method Association, 1993. Rheological Foam Shield Tunneling Method,
Obayashi Corporation, Planning Department, Civil Engineering Technology Division, Tokyo.
[6]-Quebaud, S., 1996. Contribution a' I'Etude du Percement de Galeries par Boucliers a' Pression de Terre:
Ame’lioration du Creusement par I'Utilisation des Produits Moussants: Ph.D. Thesis, Universite’ des Sciences et
Technologies de Lille, Lille, France [in French].
[7)-Quebaud, S., Sibai, M., Henry, J. P., 1998. Use of chemical foam for improvements in drilling by earth pressure
balanced shields in granular soils: Tunnelling Underground Space Technology, Vol. 13, pp. 73-180.
[8]-Jancsecz, S., Krause, R., Langmaack, L., 1999. Advantages of soil conditioning in shield tunnelling: Experiences
of LRTS Izmir. In Alten, T. and Broch, E. (Editors), ITA-AITES World Tunnel Congress '99: Challenges for the 21st
Century: Balkema, Rotterdam, The Netherlands.
[9]-Peila, D., Oggeri, C., Vinai, R., 2007. Screw conveyordevice for laboratory tests on conditioned soil for EPB

tunneling operations: Journal Geotechnical Geoenvironmental Engineering, Vol. 133, pp. 1622-1625
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