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List of Variables

A [m?] Cross-sectional area of the silo
AA [m?] Area AA
BB [m?] Area BB
b [m] Length the silo
c [kN/m?] | Cohesion
'y [kN/m?] | Average characteristic cohesion in overburden area
c' [kN/m?] | Average characteristic cohesion in tunnel face area
C, [kN/m?] | Undrained shear strength of the soil
C [m] Depth of cover
Characteristic grain size of the soil (to be obtained from grain
dio [mj . . .
distribution curve)
D [m] Tunnel diameter
Epe [kN] Support force due to earth pressure (rectangular tunnel face)
Maximal support force due to earth pressure (rectangular tunnel
Emax,re [kNJT face)
Eax.ci [kN] Maximal support force due to earth pressure (circular tunnel face)
Efficiency [kN] Efficiency of the pressure transfer
€ah.i [-] Earth pressure of particular lamella
Cmax [m] Maximal penetration distance of the slurry
Emaxa [m] Penetration distance of the slurry tunnel axis
Emaxc [m] Penetration distance of the slurry tunnel crown
[— [m] Penetration distance of the slurry tunnel invert
fio [kN/m?] | Slurry support pressure gradient
G [kN] Own weight of the wedge
h [m] Height of the failure mechanism, equal to the tunnel diameter
within DIN 4085
J(p— [m] Groundwater level above the tunnel axis
v crawn [m] Groundwater level above the tunnel crown
Ah [m] Thickness of a lamella
lc [-] Consistency index of a soil
Ip [-] Plasticity limit of a soil
K; [-] Coefficient of lateral earth pressure in the area of the prism
K [-] Coefficient of lateral earth pressure in the area of the wedge
k [m/s] Water permeability of a soil
ko [-] Coefficient of lateral earth pressure at rest
ka [-] Rankine's active earth pressure
k, [-] Rankine's passive earth pressure
Koon £ Active lateral pressure coefficient due to the friction acc. to DIN
gt 4085
ko 3 Active lateral earth pressure coefficient due to the cohesion acc. to
ach [l DIN 4085
N [-] Stability ratio
N, [-] Critical stability ratio
Norist [-] Existing stability ratio
N, [-] Stability factor
n [-] Soil porosity
B, [kN] Vertical load from the soil prism
Ap [kN/m?] | Slurry excess pressure
Ap. [kN/m?] | Slurry excess pressure tunnel crown




Ap, [kN/m?] | Slurry excess pressure tunnel axis
Api [kN/m?] | Slurry excess pressure tunnel invert
Q [kN/m?] | Shear force on inclined surface of the wedge
Sre [kN] Required support force (rectangular tunnel face)
Support force to counter earth pressure considering safety
SE.ci [kN] .. .
coefficient (circular tunnel face)
St tramees [kN] Sprport force transferred to efficiently counter earth pressure
’ - (circular tunnel face)
S [kN] Required support force (circular tunnel face)
Stotal.trans.ci [kN] Total support force transferred
Support force to counter water pressure considering safety
SW,CE' kaj . . .
coefficient (circular tunnel face)
Sonis [kN/m?] | Support pressure in the tunnel axis
Scrown [kN/m?] | Support pressure in the tunnel crown
Serowmadvancemim | [KN/m?] Minilmal Isupport.pressure at the tunnel crown for regular advance
: . e considering possible support pressure deviations
s [kN/m?] Maximal support pressure at the tunnel crown for regular advance
crown,advance.max considering possible support pressure deviations
Serowmmas [kN/m?] Efl‘laximal allowable pressure in the tunnel crown due to break up/
ow out safety
Serownmin [kN/m?] I'v‘linl'mfal support r.)ressulre at the tunnel crown to st.abillize the tunnel
: . face without consideration of support pressure deviations
T [kN] Shear resistance force on the vertical triangular plane of the wedge
Tq [kN] Shear resistance force due to friction
T, [kN] Shear resistance force due to cohesion
ty [m] Thickness of the soil with drained behaviour above the tunnel crown
Thickness of the soil with undrained behaviour above the tunnel
tz [m] crown
Laxis [m] Distance from the shield axis to the terrain surface
Terown [m] Overburden height
u [m] Circumference length of the silo
Wi [kN] Support force due to groundwater pressure (circular tunnel face)
W, [kN] ?;Cpe[:;ort force due to groundwater pressure (rectangular tunnel
Woaxis [kN/m?] | Groundwater pressure in the tunnel axis
Werown [kN/m?] | Groundwater pressure at the tunnel crown
z [m] Vertical coordinate starting from the terrain surface
Z3 [m] Vertical coordinate starting from the tunnel crown
A [kN/m?] | Support pressure deviations
Ay [kN/m?] | Minimal support — overpressure to water pressure
¥ [kN/m?] | Unit weight of (saturated) soil
V1 [kN/m?] | Soil unit weight in the overburden area
¥y [kN/m?] | Soil unit weight under buoyancy in the overburden area
Yiav [kN/m?] | Average soil unit weight in the overburden area
¥1.av.min [kN/m?] | Minimal Average soil unit weight in the overburden area
V2 [kN/m?] | Soil unit weight in the tunnel face area
¥ [kN/m?] | Soil unit weight under buoyancy in the tunnel face area
V2.av [kN/m?] | Average soil unit weight in the tunnel face area
V2 sat [kN/m?] | Saturated unit weight of soil 2 with undrained behavior
Ve [kN/m?] | Unit weight of soil grains




Y [kN/m?] | Unit weight of fresh slurry
Partial safety factor for permanent load case in GZ1C acc. to DIN
Ye FT | 1054 (= 1.00)
Vi [kN/m?] | Unit weight of soil in lamella i
Partial safety coefficient for drained soil within the status GZ1Cin
Yo [l load case LF2 acc. to DIN 1054 (= 1.15)
Safety factor for angle of shearing resistance according to EC7
Ve [l (Annex A, table A.2)
Safety factor for effective cohesion according to EC 7 (Annex A, table
Yc’ {'JT A.2J
Safety factor for undrained shear strength according to EC 7 (Annex
Yeu FT | A table A2)
Safety factor for unconfined strength according to EC 7 (Annex A,
Vau FI | table A2)
Safety factor for weight density (unit weight) accordingto EC7
Yy [ (Annex A, table A.2)
Vs [kN/m?®] | Unit weight of the support medium
Vi [kN/m?] | Unit weight of water
[ [deg] Angle of wall friction
n [-] Safety factor
n, [-] Safety factor for the earth pressure force
Safety factor accounting for deviations in the yield point of
e [l suspension
n, [-] Safety factor for the water pressure force
4 [deg] Sliding angle
O erit [deg] Critical sliding angle
Shape coefficients for earth pressure due to soil friction angle, due
Hagh Haph, -] to load on the top plane of the failure wedge and due to cohesion
Hach acc. to DIN 4085
Ty [kN/m?] | Ground pressure on a retaining wall
J, [kN/m?] | Surcharge on the surface (Traffic load on the surface)
0,(2) [kN/m?] | Vertical stress at the elevation z
Oy axis [kn/m?] | Total vertical stress from the overburden at the tunnel axis
Ov,crown [kN/m?] | Total vertical stress in the tunnel crown
S [kN/m?] Tot.al vertica! stress in the tunnel crown considering minimal unit
weight of soil
Gy intersace [kN/m?] [T:):ZIr:it'r]t:;sdsJ at the interface between soil 1 (drained) and soil 2
Y [kN/m?] | Yield point of the slurry
@' [deg] Characteristic drained friction angle of the soil
o' [deg] Average characteristic drained friction angle of the soil in the
. overburden
' Average characteristic drained friction angle of the soil at the tunnel
¢’ [deg] |
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Cpen TBM SV, no

Gripper-TBM face support
Widening TBM SM-V2, mechanical
ETBM face suppart
Shielded TEM
TEN-S SMA3, compressed air

application

SM-W4, slurmy face
supoart

ShM-W5, earth pressure

support
Tunna‘qmmhﬂs Shizld Machines

Full Face Excav
SM-W

SMVS-0M, no face
support, screw rans port

Ehield Machines
Partial Face Exc, SM-T1, nosupport

‘SM-T2, pariial support
SM-T3, compr. air

Sh-Td, slurry suppert

a8 1. HE EH| 71=(DAUB, 2010)
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Fluid-Support

==2F H|W (Thewes, 2007)
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EQ 100

0

2

0,
Particle Size [mm]

0.06

0,02
22| €& TBMe| ME H?|(Thewes, 2009)
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225 E4 TBM(EPB)
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B 1. Cutter head

W 2, Excavation chamber
| 3, Bulkhead

W 4. Screw conveyer

B 5. Hydraulic jacks
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FHIN 752 2= HES UEHES HEIIAZ|= 7IS0ITh Ol2et F7HA| 2E2 FHMY
Mot I8 438 MYl JjEez FRECL S22(Q ¥EZEs FIHK| B0 ZF
#OlSt= 7t FQ°h Oj7fH=o|ct. &2f2|o| E4e ZFES| %ot BEIE WHe=zs
CHSol OAIZ &2 = QUCHDIN 4126 (2013), Longchamp (2005) or Triantafyllidis (2004)).

X|Erate| Hoitge YHEo=z Fotez FHESH= AH2|(m)o| Cigt 1
a2 Folkl= A (f)2 28E = UL f,= O|EH B0l
ImiCH EW T ST o2 PHiS ofafel Al 1REH AME £ m, =
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O7IM, foo &S THHIKN/M?)
. 2ef2|o] HEHKN/M)

dig Y8 AO|Z=(10%)

ot A|0) AFU0IS 7|ROR MA¥HoE ZHHCH

foo = 2 @
07|, £, 2] THH(N/m?)
ap E2Y2| D LN/

=oi2| |t & AH2|(m)

emax

M AHESQ AEY FHIR BE Z0Ml S82| 2 o] WEWZH EE H YUK
HEZEQXIE ofade 5= UCH DINAT260 MEH, 42 FHIZL 200 kN/mPECH &g Z20
XEZS HMSICH 12 89| Case2HIt ZH0| &2{2|7} R|Hloz A HESHH H

ARIGEL] XS HEStAZ[EH 80| Bl RE 5 EYS A2AZICL =32 S80I
0
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Casel

I —— . , i
11 ’;"fl No loss of support force due
—fi |V | to very small slurry
/ membrane-model penetration
/ | (fltercake)
Case2
[ —— _ Loss of support force due to
-stagnation gradiert . .
b1l slurry stagnation outside of
coarse grained soil B} .
| soil wedge to be stabilized
[ e — penetration zone

Fenetration distan ce

2l g HIELIO|E 22|28 RAE2 08t KX &4l -

Case 1-no loss, Cass 2-partial loss

=54 &4 Ho[of Chgh 20N EHES| ©
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S oredd2 EEA #x22 27| =ttt 22
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= UL}
q0 Yo (1 —n)(ys—yp)ye <t 3)
2 tan(e’) YB —VB)YG = TF
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242 EPB TBMS| H{&

EPB TBMOIA| EAl BiZHo| EML &2{2| 21} H|WSIY G 22X
qC

[CE EARC| ZAHE2
N

S & &d Ee AEE, YROrEZ, © , ORE, S22 oFet s Halx
EMEE 7140f $HCHGalli & Thewes, 2014].

gl Has E82 7HX7| fdi EAt HEHe| B BE2 SFG0F oLt HEES ME
CHE EMdE2 CH32l EPB TBME| =2 MEH-QLL e M2 HIE Qo Q=K 6)

F2 NMEHAOAQ DI7fHs EYE0 IAS9 SN2 O E 10| XMAIZIRICE Ol
HEE2 MENQ Ay MYRAMZREH ZFEERUACE F2 FHolN, 22 HEHo EM2
ZEst= 07 =72 AMEE £ UCL EXNZE ol2{st EY oA E2 HEo AXMES
WMt nxkg BR[| IS X AR EICEH

H 1. 32 9 oM XXM 2 EAHEHO| @FZH

Ip denotes the plasticity limit and Ic the consistency index of soil [Thewes & Budach, 2010]

Parameter Desired property of the Purpose Reference
support medium
Permeability k<10sm/s To reduce groundwater | Abe et al. (1978)
inflow in the excavation
chamber
Good consistency for 0.4<1c<0.75 To ensure flow behaviour | Maidl (1995)
workability
Maintenance of the 0.6<Ic<0.7 To enable the pressure Maidl (1995)
pressure gradient in the difference between
screw conveyer excavation chamber and
conveyor belt (shield
interior)
Good compressibility dependant on the To achieve homogeneous | Maidl (1995)
geological conditions of support
the ground and
geometrical dimensions
of the shield machine
Tendency to stick lc<0.50rb<20% To reduce stickiness Maidl (1995), Hollmann
(2012)
Wear effect IC<0.8 To reduce wear Maidl (1995)
2tYE el M= Soil conditioningO|2td Hot= FIHH AHES &3l ¥olk= £
AO0JOF2t BIC} Soil conditioningE ®I8H AFEElE E7HMEZ 23] & E2|0, MEE 840
ArEEICE Ol2fet FIHMl= HHEE o =AY o 237 ZH|0[00] 2XE =55 S



=22 & E= TBM ST S0 AFSEICE SEE HRA0AM 2] EALY == XA HIMK AE
U2 HE8HQl Aetut MLAY Zutof olsi Z-E = UCHVinai, 2006].

EARRL MIHHZL 401 22t=0]| Ot HE MdALEHSO0| JHHE HE QUCLH O|F WH2 & 20|
HAl EIACE HHALES 2l FHEE 422 £BI 10~20cm, J2|10 EAF HEHO| Bl
k < 10-5- 10-4 m/s2 ZRALE|QACE CHEQ| & 22F 20| CFE HY EXt A O7HEd =2 58t
7to|= gro| Mz itk ol ¥ Z A0 ZAHSH HIH[ofoF BiCh O A
HAE2 CH2el & 1,29 #aEHC = UCt

H#2 EPB TBM2| M-& 20 SO0 e FIHM| E+= conditioned soilof| CHsH +=RE HS
Type of test Tested material Purpose of the test Reference
Drainage test Foam To check the stability of Vinai (2006), Budach
the foam (2012)
Density Foam Foam density and actual | Budach (2012)
foam expansion ratio
Mixing test Conditioned soil Reduction in friction, Quebaud et al. (1998)
torque measurement
Slump test Conditioned soil Good workability Thewes et al. (2010),
Vinai (2006)
Permeability test Conditioned soil To control the water Bezuijen et al (1999),
ingress into the Maidl (1995)
excavation chamber
Screw conveyor test Conditioned soil To determine the Bezujen & Schaminée
achievable pressure drop | (2001), Merritt & Mair
along the screw conveyor | (2006), Peila et al. (2007)
Stability Conditioned soil Development of Vinai (2006)

workability over time




3. S0| B YA

ok!
\J
-_—
N
=
Of

=2 7|&E ZIV-ING (2012)0| A &2 271X SHAIZL (lower limit, upper limityS AFESHCE} (ZTV-
ING2| RiL 853 (& AAb &) x) stotb & SHA|lower limitye EAQ| X|X|H (Sci)=2
BUSHOF o0, Ol & 7kX| PN Q4o oY M A4z PMHEICL (A @) A #H 74
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i 4 24Wc)= XISt Y8t #d2 O|F0{0F SHH
HE 32t f1Q Xst<lof w2t 2 EICtH
Sei = nEEmax,ci + W 4)
7| M,
nE E0| ot ¢HHE (= 1.5) [
nw =0 Ciet OHH= (= 1.05) []
Sci 7EE= XA X[X|H (crcular tunnel face) [kN]

Emax,ci E0 oo 27l E|A X[X|E (circular tunnel face) [kN]

Weci =20 Ci8l QT El= %A XK= (circular tunnel face) [kN]

I

Ast 242 SHA|upper limity= X|X| X|EHO| THRSE = BES HIX|SI7| Q8 Kot Yoz
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FolEL), W2t o Y2 HE A220Me +2 32l 90 %L XOtoF St i
FHHE0] Chigh A2 Or2iet ZLi.
0.90y,crown,min
1= Scrown,max ©)
017|M
Cponrn EISd APROIMO| 28] S22 T TS D213H /]

Seomnmax  E12 &HF2O0AMQ X|CH XX & [kN/m2]

O|Qf Zo| &= oA Ztoil ofs ol &t 2% Hele 13 90| LIEHLt ALK i S22
2oz BE RAQ| shield TBM X HE =% 10| (=&, A& §)0 *25HH TBM2|

F

S50 2t Cra ®mXLQ| Xto|= EXetCt. (22| TBM2| BS +/- 10KPa, EPB TBMZ] 74T +/-
30kPa)
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1) Plane strain unlined tunne-23t38| 71 E{E&

2) The plane strain heading—F313| H2 HES 7 (Fig.12)
A

3) Cylindrical tunnel heading-5t2tatE O| &%t SAAIDE RE(AA BHE =T x=d+eE, 18 13

Davis et al(1980)2 ZTX|&Ql Iin|YA0| FIHHO=Z

Moz EHEHo =540 o JtsdE
GootRA=H, ol &M RIX|YEHO| Z|2ohA] a2 o zo| 4 FH|O|ZE ofEst

oAl g7t 2™ S LIEHHCE,

¥
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Unit weight y

C Undrained shear
strength oy

: NERY
o DT+
! '

% 11, A HEH[Davis et al, 1980]

RN E R
Unit weight v

Undrained shear strength c, c \
L3

la—
he—
la— iy
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TTTTT

™ HEN[Davis et al, 1980]

bbb s Ay 4 bbby

Section X-X

(b) Thick sphere **

=t

SEN [Davis el al, 1980]
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oFdd HIZ2@2=0| YA ool CHst O| 20| LIEIL UAZ)S AISHAULCE A Pdd
Moz HYE #ASHOM Bl X|X|YH|M H{Hx oS
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S(1980)2 Broms&Bennermark(1967)1t CHEH A ©°oFFM HE2 7ty
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20 ¢
- === Lower bound - cylinder with
hemispherical cap
16 ¢ Lower bound - cylinder
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E 12} s L,
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= R
_g \\ _________
% 8 . P L e aa
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2
(& 4 C
Ny =24 2-1.1(2- 4 1)
” cr 1)
4

- . . : . ;
2 8 5
Overburden/Tunnel diameter (C/D)

18 14.3D HE =27/0f tigt stetgt O|2S 7[HHe= of A 28 HIE [Davis et al, 1980]
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H=0.93xD

(@) (b)

(c)
2% 16. Mollon 50| X[Qret Crefot | HjFHL|E.

a)p=0deg and c=20kN/m? C/D=1; b) =30deg and c=0kN/m2, C/D>0.5; c)g=17deg and
c=7kN/m? C/D>1 [Mollon et al., 2010]

HE Syg2 8k Hof A™Xel g#=E QUCE Broms&Bennermark  (1967)

H= o E
e E FEOIRSH Vermeer (2002) & XS4 YBE O[EoIRACE 2N

[=] — =
Broms&Bennermark (1967)0f 2|gt OHY H|& AFIBIO0| 74& CHEZXO|LCE,

—

Broms&Bennermark (1967)& sheet pileQ| A& HFF0AS] HLEE L& AY
e E EItUCHAE 17).
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| !
% / /
Direction & mﬂuerrlgntf /

a2 17. =2 ANE 0| &l 772 (Broms&Bennermark, 1967)



Broms&Bennermark (1967)
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Qs ol2fet Y MY AS M HSHIACE

EfE ofg oFgof Cigt CHE of2{7tX| O|2=0| &0 2l HS At Davis & (1980)0|
7Heo O|2H ZRHE2 Mair (1979)2] EEE H[HI=ZHOAMO| JME2H Aoz HABER/UL,
Leca&Dormieux (1990)= Chambon&(Corte(1989, 1994)01 o|si A&l 02 ZefoMo| BHE #H
deds FAsto] AME-FEEO Ciet o[2Xel RES [/Es| RWCh oA HE HEsS
SO0 M-=Anagnostou&Kovari  (1994)2]  EEO|  Messeri &  Anagnostou  (2010)2}
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Vermeer 5, 2002, Zhang &, 2011

Cylindrical Air chambers Sui.l
Thrust shield tail am container

Screw

Cutter
wheel

/ \ Working
chamber
/N £ |

712! 18: EPB Shield model@| CHHEAIE (@) F AFRI (b) [Berthoz et al, 2012]
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s2 02mmuCt XS @af XE 083 0 mEEf 2 By
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O7|M, Ere = EQO| 2ot X|X[H, G = Wedgel| A, Pv = EY Z2|F AMU=FH9|
£X51E, T = & DMl gt MCHa, o = Sliding angle, ¢ = EQQ| Oz} ¢ = EQO)
M2, D = shield XIS 12|71 Q= ZAIHO| HER,y = EY0| E9IFE,

T B =UE 2ot a7 kl= XX[H2 A @0 25 ALt 2 = UCEL 2of = BEY
22 YA 2L0] OrE! LX[X| @it7| =20 /XSl &2t0|d 4= o et FsHEICt.

(G+Py)(sin(¥)—cos(¥) tan(¢',))-2T-C; -
Ere(®) =~ o o e oo ®)
@%)+con(9)
O|0jM, fIXIel YA &2lolY ZE @iy 7t &2 XX[EH(E..0)) O 27&=XE

s}
2!

QI5HO{OF SHCf. [hEkA,

6006

4006-

30067

E,.(#)[kN]

2000

1006

X|X[He| Z|Ch=t=

Soi0|E 9| gslof w2t ZF & (A8 22).

max.re

lti‘u'il

a8 22, =210d A2l Hato

C|

g Ztzs

AEre(Ocrit)
day

XIX3 g2l 1A} O|=

=0

30 45

9 [deg]

60 75 90

ol 7+ &= 27EE XX (Enw2l 278 O

0| 02 M Ze= s =+

RUCHA ).

Of AIHEH 4 @2 B 20| EAIECL 8¢ el Z280ks ol M8El= 7H82 MA
OiCh CE2LE ChE ZolME Ol2ish ALto| A8 =+ A= Chyet 400 s EFSHACE
Zo|E gHICl 4F o0 Qs /X0 HESt= EY pvE BE0H| flol F MK s8s
A8 & AT EY Pve AKX SRl EHO X0 AHESts +EH fRE SHE &0
Adrgr & ACH (A (10).



D

P, = Aoy (terown) = D tan(dcric)

7|,
pv : HXe EY ZE|ELERHO| +A5I5H
ov(tcrown) : YK ZE|ZF2E2EE2| £=&| surcharge

A RIRIEFe BEY [m?]

Oy (tcrown) (10)

2R 23S ZAAF|=A! (12) Janssenl| AIUZE O|Z(1895)0f [MEH 222 #7|HE] <
X|gte] oy BIE nSAL M EO|Uo| ™A St5S n2{(A (1) SHO{OF Bt FIHK|
HEEo| CHoh MEHE2 A% Eno| o2t ZAFECL 4% EDaZt HY 2ol £ H{EC:
oM A8 EOno siYste X8 M SHS HESICL A48 EL|nIt O 2 Janssen?|
At 2 o|20| MEE == QUCE J2{L} Anagnostou & Kovari (1994)2] A0 2E A=tof CHsY
Janssen| YHA! AMRS HIIDICE AFYZO| X[Ee| =HEQ A= X X{OICH 3 A CHELICEH
(HE 3). 07|N HAH= AMBREOl AHS HIEICZ Melix (1987)7} H|OHS H$E AIREH HE
Horstet,

0,(2) = Y1,avZ + 05 fOT terown < 2D (11)
o 7| M,

ov(z) : BI z0|Me| =EZE kN/m2]

Yiav : SMED HHOM B EY THRITSE KN/m
Z S XREHERH AXSIE X EE [m]
toown | NFEI =0| [m]

os : KIEHO|A S| Surcharge (WE3}HE) [kN/m?]

A

o7, -C'y v U
0,(z) =X av _(1-—¢ Kiztan(e,) +2z+4o0ge Z2Kiztan(@,)
K, tan(g})

for tcrown>2-D

07| M

A RIX] HRo/AMER THEY [m]
U : Af2Z0| =B ZO| [m]

Ki : AEELHO| +=EBEY A (& .3 D) []



H 3 MR K1 U SEERO Ciet Mk Al 07N ka Y FEEYAST kp TS
TEEY Al ko XA EY Al

Author Assumed coefficient of the lateral earth pressure
Terzaghi & Jelinek (1954) K1=10
Melix (1987) K1=08
Anagnostou & Kovari (1994) K1=038
Jancsecz & Steiner (1994) K1=ka=(tan 45—¢'12))2
Mayer, Hartwig, Schwab (2003) K1=10 if terown<5-d
Kirsch & Kolymbas (2005) K1=k0=1—sin (¢'1)
Girmscheid (2008) ka<K1<kp, K=1 recommended

=2H01E /X[ ASG= BHEel A13)0 2lof Fel&lCt.

1 D3

G = —)Vz,ave (1 3)

2 tan((pcrit

7| M,
G :&2t0|Y QK|S RHE [kN]
D : HY &g [m]

Vow @ EHE T X|EHOIMS] -t THRISE [kN/m?

SHA B AL oM 7HY =7480| k= FE22 AXQl =2 o2y "HHo| it ™ME
Mg Zdstke Aot ™EF MtdE2 opEEnt HEAE (A (14)2 F HK| #E 2a=
T ECE

T=Tg+T, (14)

7],

T @ 9IRIO] F Aziy BHOAC] MEREE [N
To: DFEO| Of3h HEFHE2 (], MEHROR TR1 EE TR2 4 (16), (17) &

o
T.: JEHO| 2ot HENEH [kN]



ba

o, AXoM F5 EY2 Faobr| M2 SMoMel " dE2 JUyez Lot
(4 15).

_ (D2
¢ 2tan(Icrit)

(13)

HEOIO, ZAO|M DREE Ik FCha T AE0| X40|7} QUCk Broere (001)7h Ra{3 L)
RASO| TS 7P Abete ZES|OF SiCt

1) 22o|g X0 QIR X|gko| ofx| wate| Exf

2) 220|Y gX|o| Azt Wol x0i0| £% 97 220 Bx

3) 2210|2 K[ $X AZk WOlo| KRS SHEQO| H4

ROBE JPE el 8% Xl Fe & 38 T2 dutHo= X9 Tt BHOAMLE
22 o2 JPFsohA (11) &X). AXel Ay HH &
EMot= F 7HK| 7tsd0| AUCHR). Ol= QIS 2fzhd EHHO|Af FE
T 7tX] A0 LIEFHCE R R TS0, XSl =5 BHE F0|Ml Lot
AXICl Z[e ¥ Fo| E=XHSte A0 XL BFEO| = (ov, bottom)O| EXTICILD
P8t 2| O|HE fX|e +=AHZ Mt Kot MIstso| sHYSCE oot 7+
Girmscheid (2008), DIN 4126 (2013) % Anagnostou & Kovari (1994)0] &7| Z|O{UCt == a2z}
£8 BEMH Fo| £ 89| (1§ 22 18 230N & = UCE X9 A2ty ZHOA9
HEH DM 2 O A(16) 22 Fo|EICH

—

_ / D20y (1) Dy,
TR,l - tan((pZ)KZ (3tan(19crit) + ﬁtan(ﬁcrit)) (1 6)

17| M,

ov(t) : HE I2tRFIM =% |2 83 kN/m?

K X EGoM el +=BELA S area (see Tab. 4) [-]

T OHR JPEe R X| HEe| =% 30| x| FHO| SHur SYSHA 2 ZAo|Ch 2Lt
O] 2% Txf 252 X|gt the| S| mat +=2Hg M2t £% 30| M¥o=z FIHeict (1
23b). O] 7PE& Kirsch & Kolymbas (200501 & == QUCH T™EF OpEE2 CHg A(17)0f 2|3k

ol



D3y,

D2a,(t)
Tr, = tan(@3)K. ( v 4
R2 (@2)K 2tan(@orir)
a)
Oy
o Op.crown = Y1.av * Lerown
.‘\ - Oy, bottom
= Y1.av " Lerown
+ (}/ _ O—v,crown)
2,.av D
" (Z - rc:‘rcnmtt)
18 23: /X2 oA

6tan('9crit))
b)

Oy, pottom
= Yvav ' Lerown

+V2av" D

(2013) and Anagnostou & Kovari (1994) b) Kirsch & Kolymbas (2005)

XMAts €E ZTIez Qlgf X|
R OHAZ 23b)S AtESt= Zd%
773 XISl 5Y A2t Od
OE=| XH—v—iOﬂ o|- 7|.I-|o|
Horstet,

yN|
S

2Axlol A2t

ot
)5

#.4: 20| = ™

e
o

oM =

S0 CHek MeF Al

Op.crown = Y1.av” Lorown

M Ho| 2| ZHO| FIIX| 7Tt 2X: a) Girmscheid (2008), DIN 4126

- Jlrn
mo o ox -n

Author

Assumed coefficient of the lateral earth

pressure

Anagnostou & Kovari (1994)

K220.4

Jancsecz & Steiner (1994)

Ko=(ko+ka)/2

Mayer, Hartwig, Schwab (2003)

Shear resistance is neglected

Girmscheid (2008)

ka<K><k,

Kirsch & Kolymbas (2005), DIN 4126 (2013)

K>=ko=1—sin ()

EYo= Qo X[XH 2oz XSk 2HO
A2 HEHoZ X[sl7t S2X| QeCtn 7PYsIH,

—
—

(18)0Hl 2lsfl EA AlLtElC

L Sot=

Al
all

XXHE Z7EeloF olLf.

Sy



D
Wre = Yw (hw,crown + E) D? (1 8)

0171,
hw,crown: B2 32125 9/ X[St2] [m]

yw =2 RIS [kN/m3]

2oz, AT o2 ALY XM AY HEFH2Z MAUED 252 o A+S
- HE 220 et XX LH2 A (190 w2t ALk 2

— — )
ULt HE= XXSt= M=ol thel SF0| 7F3Eltt

_ Sci D
Scrown,min — T7pZ VSE (1 9)
4

0171,
ys  KX[St= M=zo| HRFTE kN/m3]

Sarowmmin: 12 A2F2 RO X|X| L& [kN/m2]

Ha KRGS 2EH=z FoE Lo

=243 F70ME ELE Qlot X|X|2o| M2 ALSH7| I8 DIN 40858 7|EIe= o
SHA W WS ALESHZ| = SiC) O|2{sh W2 Piaskowski & Kowalewski (1965)7t A|Qtst 3
A DHHE 7PEotct R0 285t 3K FSEYS O IIMEMN ALECHIZ 24)
EE B X|X|2 42 S0/ CHaH DIN 4085 (A& 24)0A 2 & & OFEZ § = 02t
Ag FEsHof St



T12) 24: Piaskowski & Kowalewski (1965) =20 273t Itu|H7IL|S

Bl e UHHOR AMZ 9P 10 Mol 4B 2MaKEZ)R Lkt 2t 2tHet 2xo)
B RS £ At 2pet DA OF Kurel OrE Y MAR{0| 7)Aol AYEC) w3
2 atat DO ek B4 47 AMEO] 3 XHY 2THE DABITH (Table 5).

H 5353 AsS Lot oiy| HAHLES e A4 Als= [DIN 4085]

z2/D 0 1 2 3 4 6 8 10

1 0.82 0.70 0.59 0.50 0.37 0.30 0.25

Magh = Maph = Hach

07| M,

Magh Maph: Mach =21,
72 =XH L] HE MEtez FE9| 0| [m]

D ot HFALEe| Fot =0|, HE XE Dt Y [m]
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12 ALESHO] A LhE L.

€an,i = YiZallaghkagn,i + OvcrowntaphKagni — CillachKach,i (20)

7|,

€ahi Z efHete| £ [kN/m?

Yi EALS| HHRIFZEF [kN/mT]

22 BHE =2l AZIZIO0| [m]

Ocrown B2 TR D7 2SS kN/m?

Kaghi OFER2Eo 2ot FELA ST [

Kac, A oot FSEYAS [

RE ZfHEt FxROIM Yl EQD 2fHe HEE S510] S-S 7otH, O|tEl X|gh
ENZEE LMEE ABAS 7B & UTkA| 21) LA XBUS MUY vAEo| EY EL
=i YHo| 2fot X|X|ZH1} SUSHK|2H (A 4) A E{THHO| Cfot XiAAtO| Zadict EE
MO Me| X[X|EHE /7] fIgh =7t AL 22 O otA HAMENRO| Cis HAFESH 241t
S LStk

Ere = bzg eah,iAh (21)

7|,

Ere E0 ook X[X|H Ak HE THH) [kN]

AR 22| = [m]

T oA B 2 242 O|2EXeZE X|uh0| 2QMESHA k= xa XX|HE MESCH=
ol Folshof ot Ol2fgt MEj= Tl X[X| 0| ZIiX|H HfH 2= X|8t HEO| 5 EX|
OlLf2 S0jes ogs H8Y WM 7Isoich EHEQl eHHE0| HE X|EHof| = 25HA
HMEE7| W20 FofiTl AN HYZ2 X[E 20| w2t SepRIct



6.2 PHH|E o|8Th WY

OIYHIZ 0T WHS XXYS Pt ASN LHOCL X|# MO X|ut #HE
nefstEez ERL) X[Stegez Qlot X[X|YE 22|5HA] @srCh gLt ALE X|X|g2
MOj= X|st=fat ZOtoF ok & EX). olz{st AL HHEHE FEY X|EHO| H|Hf
ZANMe| =& Al Moot M2t Aot 22 X|H0| SHFEICE Anagnostou & Kovari
(1994)= 01 - 10 m / h (1.7 = 167 mm / minELCt 52 2FIHE2 107~10%m/s ECF "2
FExA+ =AM E bl AsSS olde = ALt AZSIUCE FFA 2| Hele 2550
20T P =27 "X Es Jts A A2t ¢ HHj=Z=AE |X|5H| fsiMeE o
=2 EFA=0t ER5H, Ol ZHiM Qtx|l= O 529 @A0|Ch Eot o F7H e
H|H FHEfQl EAML HYE =2ZIW FHE M X =QIsiof oot (A8 25). A BR| AL

CHAZM K[EHYEE ARG | @8 QAXIBHEE=H|Z7F AEE|O{0F St=0|, Ol EHE=TIHo
%EI 04$E LiEfL = AEHQl X|®0[7| MjZO[Ct 12| & O|=20| met AA XA =H[=
detdoz EOQt €= XZFo| &3 ULt (E 6).

H6: Z2AOMQ| XA EH| 2EH A 2= =& F H/H= ASE St= EAR| EL|E LiEHH

Author Critical stability ratio

Broms & Bennermark (1967) Ncr £6

Davis et al. (1980) — lower bound Ncr = 4-In(2-t2/D+1)

Atkinson & Mair (1981) Ncr = 5.8613-(t2/D)04156

Casarin & Mair (1981) Ncr = 39254-(t2/D)0.36

ot X|gkoRdH|E  X|EtE3A| X[X[ZES  20[5tE= ‘P.”‘d%oﬂ 9|3J O FX[7F  AlLtof|
ESE|OjoF ot MY El oHE2 AN oPEdE ZAFESith (A (22). & 70 E1"* =ZIHe|
EY As X eFEd HlE AO|0| YutH o= H8E|= ofat 2HA 7 f 290 RUCH

NCT‘
N = o (22)

of 7| M

N X|EtorEH| [

n AEHE (n=15)[]



# 7 YUtdoz S8K= Z-88H| & HE oFEE0| O|X[= FE [Leca & New, 2007]

- B = T1—
Tunnel face behavior Stability ratio

The overall stability of the tunnel face is usually ensured N<3
Special consideration must be taken of the evaluation of the 3<N<5
settlement risk
Large amounts of ground losses being expected to occur at 5<N<6
the face
Tunnel face instable, collapse may occur N>6

2oz T A 22 KXY 4 23)0 2[5 ALto] 7Hsdttt.

@3)

Saxis = Ovtot,axis — NCy

47| M,

N X|EHOHEH| [-]

O ot axis EE=0Me TS (dots 22 kN/m?
Saxis E{2=01M2l XX [kN/m?

Cu EALK|EtOl HIHH= MEHZE [kN/m?]

FOY sus U2ZFEH HE MM 28 XXYHS AL = UCL (M 24). Ofmf, HH
Lol £2i2] 22 EA M| CHISES 124st0{0F it

(24)

Scrown,min = Saxis — Vs 5

17|
¥s XX M=o TS [kN/m3]

B2 MTOMS] XIX[Z [kN/m2]

S, crownmin



Soil 1: s
0'1, €11, 7 = &
Soil 2: <
(undrained) o g
02~0, €y, V2 5a0 Ko™ £
1‘_F : ¥
Oy tot axis —
3 Saxis =)
B — 1.0
=1
a2l 25 X|gorgH| 242 ok X|Eh 2
Al 23)2] ALt RSiAM Al (255 0[8310] B2 Salo|Ael AHAder M3HEZ 00 Bhot.
Cf, GASHEC =330 & NYTE XEXZHOMe =% ¢ oz HEE
HE 22 =838 T 2 U= A83IOO} St (Davis et al. (1980)
Oy tot,axis — Uv,interface + (tz + O-SD)VZ,sat (25)
71N,
Ovnterface His=4d EARRL HlH=d EALC| X|E BAHO|ML HE M. (HXHsts =3
[kN/m2]

t, 245 HH=d EAR] B= [m]

D 2E AZE [m]

Yasa HIHj =M E Aksoil 2)2] ZE3} CHISEF [kN/m1]

A=Z7| MEfO|ML| 2XIH HASO|= Davis etal. (1980)2] Al (26)S 08310 12! 260{ A2t
Z0| Z M0l o EEE HEY WS FHoCh oo 7148 2Bt MR EARS| HlHis=
H&YHo| 0f X2 40 olzfet HEE= 59| 525 A (2602 41=0AM =2l Hiet
ZF

= I
20| HA *El(upper bound theorem)Ofl 2|5t A3 E{'E0f CHoi F=mIQUCE F7HEQI LHE2 L
et al. 20092 &ZXS|7| HEtCH



PH 2o = EAN Z2

(26)
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failure surface according to Jancsecz
G r’/’/ﬂ ~

9 |

Area with excess pore pressure is smaller
than the wedge. Approx. Jancsecz is valid

Area with excess pore pressure is larger
than the wedge. Jancsecz has to be adapted

S S
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