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Note: 1) Applicability symbols:
O: Suitable for the soil condition in principle. /A: Auxiliary measures and/or mechanisms must be studied
in advance.
x: Not suitable for the soil conditions in principle.
2) Open shields frequently used with the pneumatic method but the applicability must be checked.
3) Blind shield is not included in the list because this type is seldom used. This type is only applicable to
certain alluvial clayey soil and entails ground movement.
4) N-values are shown as a guide of soil quality.
5) Precautions given represent only the most important factors for the Amarked grounds and type. The
asterisks (*) indicate presence of other similarly important precautions.
For example, *1: Wear ol bit and face plate, bit specifications, *2: Serew conveyor specifications, *3:
Countermeasures against slurry leakage, *4: Groundwater pressure, and *5:Over-excavation

6) Mudstone with low strength is considered.

2.4.1 W wuuudSuuseauAnanaa (Earth Pressure Balance Shield, EPBS)
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310 2.5 anvarzve i zuUUUS UUs IWLAUANAA (Earth Pressure Balance Shield)

gﬂﬁ 2.6 ﬁmmmmuﬂ%’mzsqﬁuﬁuﬁu@a 1: Face, 2: Cutterhead, 3: Working Chamber, 4:

Bulkhead, 5: Thrust cylinder, 6: Screw conveyor, 7: Erector, 8: Segments
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2.4.2 FuzuUVKIIAMIIAAY (Slurry Shield)
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£ J
3‘1_'?] 2.8 W0 zuuuLsIAUN 1AauY 1: Cutterhead, 2: Bulkhead. 3: Air-cushion, 4: Submerged
wall, 5: Slurry line, 6: Stone crusher, 7: Feeding Line. 8: Erector (Rehm,

Herrenknecht, 2006)

10.920 mm
diameter
mannual shield

517 2.9 dhvazve IR IZUVDYALAZAIVAUA YLD (Manual shield)



311 2.10 na lnmsyhaumelimzusuyatazaIuguRIBiie (Manual shield)

2.4.4 WANUVVAUATOIEUA (Semi Mechanical Type Shield Machines)
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2.45 WanzuuAIeIeuA (Mechanical Type Shield Machines)
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CEAHHE v

51 2.1 912095 990UA (Mechanical Type Shield Machines)

2.4.6 ¥2191240% Blind (Blind Type Shield Machines)
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317 2.12 APV YD1V Blind (Blind Shield)
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1. Based on Dy size shown for dense soil, N>30,
above water table developed from Terzaghi

(Proctor and White, 1977).

2. Very loose soils {N<10) or rounded partcles

may behave 1 or 2 classes poorer.

GRAIN SIZE, mm

NOTES

3. Very angular sands, bonds, or cementation
may behave 1 or 2 classes better.

4 Behavior below water table may be tlowing

and 1s a function of water head and

permeability and other factors.

3UM 2,14 upuQINMSTIIINEANTTUYBIAUYLIA D,, (Tunnel Engineering Handbook, 1996)

A1519N 2.7 WOANITUYDY Sand 11ag Gravel (Terzaghi, 1977)
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‘]i‘uﬂ"lli’]\‘lﬂu 1 = v ‘e’ ya ; 1 % : ya
HUIUY mumm‘uuﬂﬂﬂu ﬂ]ﬂ?]ﬁ%’,ﬂﬂuﬂﬂﬂu
. Loose, N < 10 Cohesive Running Flowing
Very Fine Clean Sand . .
Dense, N> 30 Fast Raveling Flowing
Fine Sand with Clay | Loose, N << 10 Rapid Raveling Flowing
Binder Dense, N > 30 Firm or Slowly Raveling | Slowly Raveling
Loose, N<10 Rapid Raveling Rapidly Raveling or
Sand or Sandy Gravel .
. . Flowing
with Clay Binder ) . .
Dense, N> 30 Firm Firm or Slow Raveling
Running ground. Flowing conditions
Uniform (C, < 3) and Combined with
loose (N < 10) extremely heavy
Sandy Gravel and

Medium to Coarse
Sand

materials with round
grains run much more
(C, > 6) and dense
(N > 30) ones with
Angular grains.

discharge of water.
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1) Limit-state-design-based solution 1@8 Leca and Dormicux (1990)
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and Dormieux, 1990)
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1990)
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Y 1 B
Ny = : = 2.2
’ cos(2¢)—cos(2a) R, 2.2)
1 R,
05 O, uay Q:,ﬁa Loading parameter @1115011A1 1AA41l
US
Os :(KP clhitH
o (2.4)
o;
0. =(K,—-1)—*—+1 25
- =(K, )O'c (2.5)
yD
Ov:(KP-I)O'_C (26)
R, R, uwaz R, deawlslvieglugiedisiis Taeiiniasil
cos(a—¢')cos(a+¢')
= - 2.7
’ sin 29 Gald
R, =sin 2a—zg—sin 2¢ (2.8)

R, = sin2(a—¢ )sin2(a+¢) (2.9)
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Tugdd 2.18 tlan davenedmgisiuazaaulstldlumsduamuuuuiinouions
= =y RS Yo <
ponuuUEDesnIMAd I lauaas 19as3Un 2.19
) o s @ @ ?,'
2.1) dmsug lusanyawiz laslddunzuunus s Inay (Slury Shield) @0132015
as H o 3 4 a
WANAWLUU Mohr Coulomb taz dn1azuuvszined lagainnidluiugiuvesauyagiu lu
v
mMsnasand s demsmusu s UTsuawq TuasUINA W SR A8
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(Safety factor) sﬁ’aﬁ%z”lﬁ'ﬂdnsia”lﬂ
ASNITUINOANTTUAITWINAY B AW UIA19VOIANADU (Slip surface) AN

Y
MUNMUYBAULTUNDUVDIAY (Shearing resistance) YA1AIU

T:£+O_tan¢
F F

(2.12)

1Ay o 1Ay F 79 normal stress LAY safety factor
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Ocritical [63)

inclination of the slip surface

310 218 wgAnssumsmarwiilszneudieganuaz3Unss@masy (afeer Horn. 1961,

adopted by Kovari and Anagnostou, 1996)
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Tuyuuesvoswansznuaotanes N luns 19us1auYeIaIsaza1y (Slurry pressure) 1o
Y v = 3y 9 ¢ y ¥ o
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l fsl] 21',—
Tay
n = 9AIEAIUANIUNIUVBIAY (soil porosity)
M, = dynamic viscosity of slurry
M, = dynamic viscosity of water
v = excavation rate
k = soil permeability with respect to water
Ap = p,-py NOAMTIAUVBIEITATAIBAIUAY (excess fluid pressure)
4 . 2 g 1 = 9
La = stagnation pressure gradient Fatumasiuaz ldanmnaasg
ZZ'f - i A . .
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S e 5

ez = — if e < Dtanw (2.16)
&, 2D tan @

S _DERD oo > Dtane (2.17)
] 2e

¥

Tag S, ABUTIAUMGUVDWUDTIAY

y d" 9 =Y a =Y
MsSavuanesmwalousauu laaui lansz o 1 lunaduuaziansaluuiadu

'
v &R

A v o do 1 a =4 v o d ' .
NUANVTAUNWUDTNUA pressure gradient TuAunoual FenNUTUNUTYRIM pressure gradient

[ 3 [ a
(/) NuA stagnation gradient( /) Huasae Tt

fo=1 +"27“£f——/% (2.18)
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' | i 4 = = o ) ' - =y v
A1 pressure gradient RN G safety factor m'naa"li_lﬂJﬂsmzﬁwammaaimwmmmn
o [} = 4 ) A a a | At 4
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' Z; A v @ %’ o q VYa a '
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9 o 1 Y S @ 1 cizl/ a = 1 A = 1
luamgiinisneadag TuaANI19AI0g T UALINTLEI00Y 130 peat  1ABIAT pressure
gradient ﬁguﬁu'lﬂ
° ] o = Y w 2 ¥ a s %
2.2) dwmsug lweanyamiz Tagldinnzuuvliuussauauanga  Tuan192 Limit
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prism
31]‘1’13 GIGEL (prismatic body)

oz A = sandwwosnnuaulunsunuanuduluuraimeluglay (wedge)
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o P a a <3| o A
useAuadesnnilszansnaly chamber (8) Tugtuuyan1ae Limit Equilibrium (iudail
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s :1~fi}/l)—l<;c+[’:}/'Ah—[’;c%- (2.20)
bl ag , _— D : 2
5 =kyD-kg +F) :\ho - ?) — f 5 (2.21)
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