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ABSTRACT

This research focuses on the study of Tunnel lining design and construction
of water tunnel in Bangkok. The study project is about the constructions of transmission
tunnel from TAKSIN-PHETKASEM-Outer ring road to PRARAM II Road that diameters
of tunnel are 2.50 m. and 2.00 m., respectively. The tunnels are bored at 21 m. depth from
ground surface. The studying of external and internal force on subway tunnel is performed
using Terzaghi, Einstein, Erdmann, Muir Wood and Peck et. al. theorems.

For the external force, the vertical force is increased by depth and unit
weight, while the horizontal force is increased by the Ko and the vertical load, the 5
theorems. As the calculated external force will later used to find the internal force for the
design tunnel lining.

For the internal force, Terzaghi theorem applies balance force to tunnel and
assumes on soil properties. Einstein and Erdmann theorems d epend on the modulus o f
soil. Their results give values that are smaller than those calculated using Terzaghi
approach. Conservatively, the tunnel design calculation recommended by Terzaghi would
be suggested in this research.

Additionally, a calculation program was developed for using as an analysis
tool. The program is easy to use and allow one to compare results calculated from
different approaches. Engineers and researchers can practically use the program in lining
design, which provides reinforcement and bolt specification.
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Ratio /R function of z/2R and soil conditions

Volume of trough = 2.51 Smax .

7UN 3.1 uwamangadavesmInuile 1IN Iyamz g Tuan(Peck, 1969)
3.4.3.2. mima i agl¥nsivlves Peck (1969)

namanuduiusszndne anaheveunimngadi (/R) fusasdiuany

ananmIAURIgagudnavey IusRdedumuguina11wesg Tad (z/2R) annseldszuta

e

4 ]
A1 91NMIYAIEY leA Feaztuduriavesdn Azl 3.2,

12 Y :
‘ Defines frough width (i} for iow Y,
' Smax £ 0,005z
i :
Delines narraw trough width (i) /Y
= Smax > 0.0052 s
] /
5 8 } £
o J /
o »
£ i‘/ Rock, hard Gloys. /
E‘; e Sand above —-7/
2 / ground walor jgvel 4
5 ©° 3 71 )
g / Lap-q Soltto SWffClays 4./
] 7 o A
5 / / o
E_ ’f // ~
4 7
- / }/ ///
g /] e a7
/ Fa -
/£ - el
a2 "
- -
// e -~
g e L —
//”
o [#] 1 2 3 4~

Trough width per Tunnel Radius | i/R ori /R

U4 3.2, namlanuduiusseninennunavesumansngada (i /R)

MuAUANNINAIAUTIgAgUENa19989g TuaR (z/2R)(Peck,1969)

20



s

ol ] . = a 4 4
MINAUNMIA 3.1, MnTaasdeul i N ldenmsinsedradeyaniingadai

Talumnuiudievesmsngadiifmaulaginsand i lugdii 3.2, heglushansngadiiin
= =) 1 °
Aunse laj

ﬂﬁ'smsuﬂmsmﬂmﬂmﬂuTﬂawqyg‘um Peck(1969) ﬂuwmimmm"wm

ﬁuﬁlﬁﬂﬂ’lﬁﬂiﬂﬂ? L!.ﬂul?dfﬂJJ'I‘)'ﬂ‘lN“L.I'E)ﬂﬂ'l‘iﬂiﬂﬂ’l“l]f)d‘]iuﬁuﬂﬁ’]ﬁ}'luﬂ'}ﬁ\i‘llﬁl,i]'l hlﬂ

3.4.3.3. m3mm i lealygnsves O’Reilly and New (1982)

=Y

= o a v aa : o
TumsinnzgiznnsanunInsngadiifay - esnamsyamizg Tuadidy

s

ST X (MU 61 TAsT i 95 TUNUTAY z AeaunIsh 3.2,
i=Kz (3.2

4 .o <& o2 4 (d ol ) A =
e i A9 zuzaINNINaNURLUIY TueAdganalfsunufe (inflexion)
K fl® constant of proportionality

=) = a a = o 4
z A9 ANNANYINAIAUDIEHINA 19099 1337

s 3.2. A1 K dlunmuduszndne i dus z Sauaaseglugdaumsidy

4 ]
azs Tnonenintsandu 2 Snvaie Ao yame lusuaumilon nazdunse Aagin 3.3.

21



.
L. *»

~

" 7
o
12 > i
ol o, o 7 i=043z+11
8 .
b~ /'
8}
b~ - /.
L c’{h
i 3 a) cohesive soil
2 --/-t -
1 | 1 L L 1 1 i 1 i 1 1 L 1 1 1 1
s} 4 a 12 14 20 24 28 32 36

Transverse distance to point of inflexion, {m)

26} % e

b WY
22} Ve

4 «
1.8} - ./

i=0.282~0.12 3
1.4 - .
o

10 - -

LD -

Wi b) cohesionless soils

0.2~

L 1 1 L L i I} 1
o 2 ] - - 6 7 8 9 10

Depth of tunne! axis below ground surface, z {m})
3UM 3.3, uamennuduiusueen i AUAWAN z (O’Reilly and New (1982)

a & = ot 3 a =1 Y
N3l 332, Fubunsdinsyanize e lududumilor manszaovosdoya
¥ 3
Voo aunsoasearmdniuglugvean i [uduaseld daugalii 3.3b. Hunsdiyaosludy
w3 msnsznevesdeyaiinn iR ldnnmdniuslugivesa i limmnzauesi 119

¥ Fa
AT IZMAMIAAINA i O’Reilly and New (1982) 1dfnsandoyamsngadaluauinen

]
= 1

areaieiiunluedn iilinswgrvesd K husazaiavosduiivnngandmivaya

¥
d o A

1129 Tuan Al

K = 0.4 (Stiff clay) - 0.7(Soft clay,Silty clay)

¥
s

K =0.2 —0.3 @115V Granular material tviloszauiiildau

i 4 ]
v @ a o

uonnil O’Reilly and New (1982) lduuziie K dmsusuauniyamis

9
¥

s o LR v da a 1 d? a a a v =
g lusad iiverusiii ldnanziumsngadaiiidu Tae K wsduivyiavosiu fafi

2%
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F AL LS a2 RN (3.3)
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Wo ¥V, Ao ‘lJi!J'lmmaﬁﬂuﬂﬂiﬂﬁﬂﬂﬂﬁudﬁuﬂﬂmﬂ‘i
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WU Spge M0AUMITN 3.3, Tuaums® 3.1. o2 ldaumsdmivamyadinszes v

a =)

a o a =Y . [ s:ly
1a 9 uazaumsTinnzimanuduuazauIdarean1sngadafinaauiios n Tunneling fai]
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= =

AuMsdmIUmIAImMIafINmIaU Nszos v 1a

V. -y’
= o—5% (34.)
N2z i’ p( 2i” }
aunsdmiummaNuFuYeanIngadafinaiuileas1n Tunneling
d V. - y?
L exp y2 (3.5)
dy 2rit 2i

'
= =1

aumsdmivmanuInawesnsnadifidiAuilednn Tunneling

2 V 2 1,2
as ‘f = zz——l exp yz (3.6.)
ay. 2zt 2i

o aooa s

VINAUMTH 3.3.-3.6. UAAITIazBEUBIANUZNMITNIARINAIAY Fa71l7 3.4.
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¥ e CANSVATLE dittance from canireling

3 J3i i ¥ ]
T 1 ¢ WE

1 )

_ Sattiement volume {per unit advanes)© 0.2 §
Maximum curvature “hogging’ v 4\;;,?; Smax ° "-?:_
"85S 0448 Sy, =, dos &

dyd e S'S’N,oxn-(v’fmz} Coa

"~

“Maximum horizontal sersin {tensile) = 23
=

wd H =448 S, g

¢ v e, _ a8 S

- 3 1 ‘3

Point of inflexion ly =1, S = 0.606 Sy ) Smax

Maximum stope = ¢S = (606 Semax
"Maximum horizontal aliplscament = Hy, ;- 08061, Spay 1o
z »
Maximuem ctirvature "agging’ « a5 = S .
dyd iz
"Maximum Harizontsl strsin (compeassive)
GHly 2} * Smax ly.2)

ay z
. I;

‘l_l'ﬁ 3.4. Llﬁﬂ\iﬁﬂ'Hil‘lvﬂ'li“n';TﬂF‘]TV]N’]ﬂ‘LlI,H'EN‘ﬂ']ﬂ‘UﬂLi]'l“’QTﬂNﬂﬂluﬂuLﬂuU?LLU‘Uﬁhﬂﬂﬂi
(O’Reilly and New, 1982)

3.4.4. ﬂ’liﬂqﬂﬂ’d"ﬂﬂ\ﬁﬂlﬂul!ﬂ”ﬂ'l‘i!ﬂﬁﬂuﬂﬂlmi‘ﬂllﬁ 20U

1 g s a;q = m =2 dll at =
jilsnanvazmangadnmauhildteents  mawdsudvesauluuny
nyomsnfasuuasnnunavewmnadunsngada (Width of subsurface settlement profile)

1 1 ' ¥
%49g3iA1 Ground Loss 3% uAuANANY Tuniy nnilamnna iz ITaNITNAa_

¥ . ' " ¥
’UEN‘]ﬂ—lﬂullﬁxﬂTs&ﬂaﬂuﬁlLu'}ﬁF]NﬁN'Jﬂu ATUYHAUDIAU ﬁ\?ﬁ

1. Aumileq (Cohesive or clay soil)

VAENNATINYedgUTImMIngaduiludnuuziAediy error function curve M3
Anneszaundldgnyaludu Meamaedeudmuuuiivesy Tued Wudnumey plane strain
TaglfSmveamandoudinedl  anunhevestefiianimgadiszanasludnyasiiudy

" ¥ ]
asanuANuanAfIAY TaedSunanisniadizlsuiniumuanudnuiu dgud 3.5.
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1 L
U4 3.5, nansrmIngaivesFuAu N AT YA Tuar (Mair et al. 1993)

- d' ar a dl Y w s
1Azl 3.5. MINABUMIIUITIY, H, ) UATUUINN, S, ) NHUIAANIAAAYIN

oIy TR aguanadaaumsi 3.7. - 3.9

Y.

Hi) == 50,2 G.7)

¥ Ly A V A 2
Taeh S =vi) ex Y | & I —ex ' (3.8)

(».2) (max,y,z) €XP 21-22 m Kz P Z(Kz)z

2 2

-y 5 -y
Hy, o =St ) €X =-——=1—e¢x (3.9)

NG g e p[ Th ] 27 Kz p(z(Kz)ZJ

3 . a { @ ar o
A Strain UHIAY, £, UAZIMITIY, £, MmIAAMARAYIIUBIUIRTaNA LAl

ATNNITN 3.10.- 3.11.

as vV ] 2
(y’z) 35 y y
& = = ex -1 (3.10.)
e Tk p(z(fef}[m)z J
dH 4 L 2
(r.2) y Y
uag &= = z ex 1- (3:11.)
"TTd arks P[z(szJ{ (KZ)ZJ
EL) &, =—¢&, @MU Plane strain constant volume deformation (3.12,)
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2. AuNTw0 (Cohesionless sands and gravels)

O’Reilly and New (1982) unzii191 msinizdnis1 Strain nnsdlyaimny

a =t ' o 5 . A . Y a d
g luanluaumiion liausald1diy Cohesionless soils #insninmundoudivesduiioyn
g difia vertical strain 11NAT1 0.5% FNVoIMINGATMAVUANTARIZINTINT Tvpedn
A = o Y . “ aAa a o ::J g/ . o =]
" milennn M4 horizontal strain AimIAUgININ d01TuM5 19 error function curve ¥IRITAUTT

¥ v 4
lisioeindedle uaz Atkinson et al. (1975) oFuremisniadszSuiatulndiufiumia

. . a o ' a 3 a a v a a a
Spring Line ¥949T1dA ududun1anisngadzuinseneiuiudmify sunseieinuna

]
a

M3 Collapse Aol Attewell (1982) Idinaneanvagmsniadianu lasinsaudu

Triangular Wedge 44n1uni19veamsniadissduiussuyy B uaz ¢ da3Ui 3.6.

*_‘ 2[Rcosf + (z+ Rsinf3 )tanf3 |

[z+R sinB ] tanB

R cosB

~ Spring Ling ——p \{ . R 3
B= a8 -2

d) = friction angle of granular

ar a a8 é

U0 3.6. uamsdnumzniIngadIRmIR LT InYag Tuen Tunae

3.4.5. M3 Ground Loss 910 syazgluen

as 1

) a a o § =1 o
msUsziiulszanimmwmahnuveunioaamiz  sxerdoAulesidudnsgey

= a =) o 1 a Hda a " =
taeAU 130 Ground Loss TagszwimugasiadiuvestuiamsngadifidiauaelSuamsys

¥
AUDDN AT

Ground Loss(%) = FVLx 100 (3.13.)
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we ¥, = YSinavesdufingadidenilamitowas dasiiy 2.5:5_ Tdenaunsii 3.13.
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1
= J

a a % " 4 g
v, =USnasvesduignyavendenilantiiomas VINATDIYAL 12 Tuae

Taorsn@ msyamizg Tusd lnsldinTeayanizg TneduuullSuussdufuauna 2

= 1

4 v E ] ]
iifi1 Ground Loss iiavuified 2-3% dmsug Tueafigamiz lududumiied datesunidenlSeu

MeufLinTodyazg lusAvila Open face shield ndann 1disziiudy Ground Loss fifinein

1
=2

InFeyAmIEAIRNTaNMINUARa9Tii N lueAaudd (Loganathan and Poulos, 1999)

B-

aw1snl¥aun1s Normal Probability Function Taelémaufjuns Peak (1969) w58 O’Reilly

T
o =

and New (1982) MAAZIUMIAININIAAINAIAY 2l A esnes 18

e e
dmFumsyanizg lued ludunneduusnluwangunna  deyanisngadinn

as 1 = 1 4 v da a 1 a
msfnudaios 39 luamrsorseiiua Ground Loss ivamaaziumsniadafinonuld og1alsa
[ 3 ¥

A nnaudteludwlssma - msAinumgdng sumsngadifiiaduanmsyameg Tuad Ty
n318 (O’Neilly and New,1982) wevzewisoiiluunimaiiensuaunisoaiig Tuad luwn
[ 3/ =~ 9/ A Y s =2 = v A a é‘ a

Agunna de hliazAsunusausudoyaie l9ins e iiazinywganssuniangadiiiiaiunsa

dmTuFuAungUn N neunvzyamiz Tuduniae 1

=
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3.4.6. MINFAMNAIAUMNUNIYAIDIZYIIA

anyazidunsniasIvesAua YAz TueRlaaiaglil - 3.7, Tasuten

NIAAIMIHUAIL B9 INYAZE TueAdeWunzyiia EPBS vanilu 4 Uszinm fie

)
s

] 4 [ v "
1. Initial Settlement fie AngaA fitiaTuRBUH IR ZIzIAR Ut TasssiRaidumives
T ' 9 Vv -
W Frmgadausuusnienafudnunzngadiamioma Heave Tufunaauiifvesdy
Au
v 3 [ i1 '
2. Shield Passing Settlement oA mgadifinaduluyuzivunzmdundouirunndiunua
1 k4
voad 111z (Shield Face) faduiousariaieie (Shield Tail) Fermgasailifinein
Tassaddugnsuniussnheiiiinznaoudisiu Tasnwiz Friction uaz Shear s2vi9i
kY s v a o 1 o Y A o w 1 a
AUUBNUBIN I IZAUAUNBYTOUY v 1M gaydsiidaazand) Modulus Y09auU
r & [ a a’ = = 9/ 3/ o 1 s 4::’ c; = 3 d'i =1
3. Tail Settlement fin AMzAAIRALINUAIUIIBYOITIE TasAmsadaTlaziTuRaduiliod]
1 ! . . { a o v A uy < t:‘ E uy ar
¥99719 (Tail Voids) ﬁé’ﬁuﬁwmmmuﬂsxmm'samﬂmﬂumﬁﬂmﬁmmﬂmﬂuﬂ:g}ﬂeﬂ
Radrumisg idiadadundaniuneioaadesiaiazAmiadvesiuiiegduunves

g Tuad
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¥ = ] "

= 1 v A a d!‘ w v 2 o < Qy k4 = Y
4. Long-term Settlement fio MnjaAINNATUHAIINMIDARMITuETITULA) Aufid1ume

1912 9210A Relaxation Lazaznind1auioss) iesnnInssadedugniuniu Masvesdu

anad AB19ziNA Consolidation tag Creep ¥aldiaiuu

301 T somr | sew (sev @+ i
er tHoave) ety | Pt ’M‘Z’r& T ot L, S
T e osand |-(Ea
: IR \/
duner (Serioment) ij % s s
: 2 ?
g Re¥nh:
9| Shicid Machine »—«g@?ﬁ '—ii
[~ a;"_“ remuLiNN,

Excavated area .
— Active state of earth pressure

s oa dl

= a o = I'd
3UN 3.7, usasansaznIINgafINRIAWTBI91INYA 12 T

(A. Sramoon and Sugimoto,1999)

a 5 d
3.4.7. M3N1391M1A1 Ground Loss 1H0991nya10129 139

M3W91587 Ground Loss wiia Idiilu 3 dnvaie uanadagli 3.8,

Ground loss Ground loss
Ovwer a shield Upon the
erection of

the lining

o o o e s e e T T e o

v o 1 S 5 o S 04 S 4 2

Ground loss
at the face

31 3.8. uans Ground Loss iaduiiian1zyiia EPBS (Lee, K.M. et al.,1992)
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3.4.7.1. Ground loss fishuniiaoizglusa

¥ "
a 2 o A =

b 1
Ground Loss Hazifiauusiui #1niiaznlugumsnzanvosdudnuiioaninay

' 1 F 4 1
anifasuanwliidy plastic Wnduweldaansad ey Screw conveyor 18 nsulden

. . oy w a Ay Y 2 (&
L!,‘]_I'C'N‘UEN In situ stress ﬂﬂ’]u?T'Jﬁl’]3lﬂuNﬁfl]"lﬂﬂ-Ii‘uﬂL"iﬂﬁLﬂTﬂuT’lﬂ1uﬂu‘]ﬁ3tﬁ']$@ﬂﬂ "'iN“LliﬂJ']ﬂi
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v oW LY

Auiyaoen 1N UYSUYes Ground loss Tasag 1Hussduiidmumininee luaed wdndu

1

v A - Y v a g -y Y o o q ¥ a = g
ﬁ]']a‘iiﬁ!ﬂﬁﬂuﬂulﬂﬂﬂﬂﬁu'l LAZYAICAUIUTIUINSTUU HIH UL ﬂ?ﬁlﬂﬂ?iw%’lﬁﬂ‘l"l stress 191U

i 1dsn udeansayszanansing deaunisi 3.14.
P, =(K,o, +P,)-P, (3.14)

iie P, = Total stress NAumiHung
K| = Effective coefficient of earth pressure at rest
o, = Vertical effective stress

P, = Pore pressure at tunnel spring line

[ { Y w
P, = uywufiduminiuny (Face Pressure)

]

3.4.7.2. Ground Loss miipuaizgluen

1 = a dy = - a oo el a o

A1 Ground Loss mnﬂmumuamﬁnzqTnaﬂi]:mmuﬂsumwmﬂuwgﬂﬂmaﬂﬂ
4§ 1 cu g & 4 s 9 o a ] 1 a 3 { a s
Weduie (Cutting Shield) naaud ldremimi Ifinageehaiindunusnaumileiune

g = 1 — ¥ o 4
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] 4

P a iy o 9 3
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u
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2 g A et ~ @ ¢ A A a w A 5
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Y Y e o Y @ P .
HUNVDINIID1Z1DY 114mmgﬂuﬂqﬂaﬂjiﬂqsﬂﬂ\ﬂﬁjm'lz Tﬂ{ll‘lﬁﬂiwuﬁuu (EXCBSS pltCh) SU'FJQﬂ']Tgﬂ

o a i a A a o ] 4
1291190 Overcutting vaaﬂunummmxmmﬁmummqimﬂ (Tunnel Crown)

' '
Aaiuieansaszaa1 Ground Loss 1é Tasaundldusnaiiogdumisdm
4 o 1 . .
UuYe4g laeA (Tunnel Crown) miledumiadiudravesglusd (Spring Line) naoanad1ue
s o d‘ A &v a e‘a{ = o
YOI UNERUNUYNTRDTUYO IR Iz UNULIg Tied NYAl1za5e Taw Lee et al. ldtaus aums

1 v
1 3.15. fail

2zal

Voreis = x (excess pitch)



2
=7 (a+g] -a’ (.15,

é = . i o 1
e V., = Y3uasues Overexcavation ﬂﬂwﬁwuwmmmwmmﬁ;ﬂmz

o o 4

a = aumeluveagluan

L = A1ueveiung

w = workmanship parameter = L x (excess pirch)

9
o o o A
arnsahaumst I dumamelunisdsziiuySuaves Ground Loss (/e

o 4 " [ £l
tuiindeyayw Pitch Mfindu niawnilddeasuds nieldimuay Pitch Aiudumnga

iWen1AAzIUA1 Ground Loss newiinisneas s uanadagali 3.9.

SHIELD

Increased void due to pitchin
Tk i 4

b} Equivalent transverse section © Vo =T {2+ (0/2) }? < }

711 3.9. uatA9 Ground Loss wilew 912 TueAiiiean1n Overcutting

(Lee, K.m. et al., 1992)
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3.4.7.3. Ground Loss luszvsfinnaniisgluan

3/ ) [ 4 ] ¥

1 Ground Loss (Ainutiiosainmiiag luen W ldunuinuinddasianuan

= 9 9 a J = 3 s o = [ 1 &
NITYARIENATUNIYUDIN UL 1uﬁsm1amﬁﬂﬂmwmqimﬂ WUITELNN (Clearance) ATHUY
nnd L luvesiunsie Ifausofademisgldld  dewanzndou st Aud
waoudegA U zazmaewdh 1 Tugesdne (Tail Voids) vinmduieiunsziniann
ANUMHIYOININIIZA MUY (Thickness of Tailpiece, A) 5IURUTZEzHI99INAIAU IuvD4
o Y] o o i Ak LY .’f o . a
W12 UKNIIg Inan (Clearance for Erection of Lining) A11iuv11Av09 Tail Voids 3aiuea

] 4 "
wilshAgilnadenngadinimun uansiagilii 3.10.

Iaitial Position of Points on What Wi}

Become the Crown After Excavation A Thickness of failpiece

4 = Clgarance for
T S e Erection of Lining

Simulated Tunnel F
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!
|
|

Tail ¥oid

¢+ 2L+ 4

0=

Lining
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20 ldne Staain TunneT Tieading

Representation of
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71 3.10. udA3 Ground Loss 1184910 Tail Voids (Lee, K.m. et al.,1992)
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8/ . . 19 A a v Aa a '
1NN Tail Voids vziiAosadioaamsnaminIngadInmIauuInga uagana
a = W ] v a o o aw = <& o 9
inamsidegilveasniog TusAulaannussauaunsehsoug Tuan livhAuyndiens - Faenavili
as I'd = a Y =2 g @ 1 a ) o = o (-
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vuganaziaurguinaanelug luen wenlSeuouny Ground Loss MtAA31nNsusudIved

v
w1 TuaR@ LAY Ground Loss 114 3 Yszinniianiesinn
3.4.8. Earth Pressure i Cutter face uag Pitching Angle

= 1 a A o Y Y g = )
msifasumlasgilsivesAuiiosninnisyag Tuandoiunze Tusraiaduuss

= ° LY v oa s ¢ (a " =} A a
AUANTUAR Lﬂuﬁ'lmﬂ‘ﬂ"Iﬂlﬁil‘i\iﬂuﬂu‘iaU‘]?T’JL%'I%}I?N?}L“JJE]UNLUJQQ NanIAD  IUDAUTDUS

Jd [ LY 4 a -
g laAnomaudnielug Tuas azifianss Passive earth pressure

neuivzyamzAn anmuesausll o, nsviluiimmannd uaz o, nszh

Tunamauuaueu Tasduausgums aall

G = Ko 10a O, 3.16.)

4

4 . 2
W9 o,,0, = horizental and vertical total stress

K 1 = coefficient of earth pressure at rest (total stress)

1 ¥
Tumonwey Effective stress &4 lunnisaniawansznuvoatiiléay  Pender

(1980) lataruoaun1saatl

BN . 4 (3.17.)
w189 K, =K, - (3.18.)
o ro(Ko - 1)
iilo o', ,0", =effective horizontal and vertical stress
K, = coefficient of earth pressure at rest (effective stress)
P,p, = total unit weight of soil and water
UIRUANTMIUMNT UM A ToRITANINAUNITH ]
1 1 v 1
oy=Fx)a—+b|o', (3:19
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Fix')

a,b

v

1

ne

= earth pressure at cutter face

= factor due to local shear failure

= constant

= velocity of shield

= rotating speed of cutter face

= radius of calculation point on cutter face

= initial effective earth pressure normal to cutter face

~ o o 4 = ‘ a {
Tnoh F(x*)fuilanduued x* Faveniemaifia local shear failure vosauiigu

Y w a § . H e 1
e Tesauudliuuives earth pressure fitda shear failure finsevinde cutter face (Fu

AR
d"
7l
A
e x
7]
8,
= |
U3
A
e o,
O..l

s

1 s A B - A o S A4 k] Y w
A1 x” WITWININYN pitch NIANINUUIT VWAL Tussndou T9anthes

i X

X=—
Dcosg,

(3.20.)

= ratio of vertical depth from center of cutter face to diameter of cutter face

= diameter of cutter face
= pitching angle

1 ¥
Tagy19nsinAved local shear failure uaia laawgalh 3.11. fatl

0 N 3<\0
Fhe /o x'=9
B, =05

v
]

¥19Y04 o' s lAnadl

a,+h, < g, < ¢, +P,

I

' 1
ohs @y x o,

= face pressure

= effective active earth pressure
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(3.22.)



o' = effective passive earth pressure

P = water pressure

No local shear failurs

+4 +

Bl O]
i

(]
i

B

1
i
A

Local shear failure occurs

314 3.11. Factor (i{8491n Local shear failure
(A. Sramoon and Sugimoto,1999)
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