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( Shield Tunnel)

( Shield Tunnel)
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. 1825 Marc Brunei shield 38
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2) Trank Part skin
Hydraulic Jack High Pressure Pump

3) Tail Part
2
Platform
Grouting Secondary Lining ( ,
1998) 21
( PRINCIPLE OF SHIELD TUNNELLING)
Hydraulic Jack Lining Segment
reaction frame Front
Truck
(
Segment Liner ) 21 ()  Ram Hydraulic Jack
Segment 1 21(c)
2.2 ]
20
94 (Thongyot ,1996 ) 2.2
20 - 34

33
Blind Shield
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— BORED TUNNEL

T0s CUT-COVER TUNNEL

TUNNELS IN BANGKOK DIAMETER MORE THAN 2 M.

2.2



2.3

231

21 (PECK

Max

SCHMIDT, 1969)

exp

0.0

(21)



2.3 ( Ground

loss, VL ) ( Volume change 5AV )
differential settlement ( Ground loss )
VL = Vs + AV (22)
V. Ground loss
v I dr m A A* «
AV
(+) Contraction
(-) delation
Vs Error Function 2,510 MX
24
OMX  maximum ground surface settlement (m)
N Volume of settlement trough (m3m)

i Width of settlement trough (m)

2311 i

1) PECK (1969)
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Voluma of troogh 2 2.5 1 moi.
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2) SCHMIDT (1969)

0.8

2.6 2.1

3) NORGROVE, COOPER  ATTEWELL (1979)

K=1 =1
K=074 «=0.90

4) O'REILLY NEW (1982)
Kz (25)

K =050
K=02



2.6

2.1

(Z32a)

(Z32a)

(Schmidt, 1969)

(Schmidt, 1969)

(la)

13



2312 (Smax)

6= asdx = | nwexp X 2.6
A -a P 212 (26)
~ 2.5 Z5max
5 max VS
25i (2.7)
Ks
VL
Vexe

1) PECK (1969)

( Stability Number , N)

VL= j(N)=f TP (2.8)
Pz L . (total vertical
pressure at depth Z of center of tunnel )
Pa (air pressure above atmospheric)

(Undrained shear
strength of clay )
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2) SCHMIDT (1969)

(Pi, internal pressure )

(2.9)
(Pi, internal pressure)
(2.10)
GvOISu 1
GvOISu 1
m 0006  0.02
02 06 %
3) NORGROVE, COOPER  ATTEWELL (1979)
(2.12)

m =2.5%

m =5%



4) O’REILLY

m=0.5-3%
m=2-25%
m = 1-125%
W= 30-45%
m = 5-20%

28

‘not noplicable to gf.intjlor Al

28

NEW (1982)

Vexc

Stiff fissured clay ; shield

Glacial deposits ; shield
Glacial deposits ; shield

(2.13)

shield

free air

compress air

Silty clay ,Cu = 10-40 kN/m2 shield  free air
Silty clay ,Cu = 10-40 kN/m2 shield  compress air

/1

( O'REILLY

mmemreememeeenenes trirv,v¥srse citstarif-*» from centreline

(O'REILLY

NEW ,1982)

1

nem () JSproportion

funnel 2Xo level

NEW, 1982)
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24
(sedimentation) soft highly plastic marine clay
geotechnical properties
4
). eathered crust 05 3.0
dark grey clay (‘crack )
etting  drying
15
).Very soft to medium dark grey clay
( soft Bangkok clay ) Weathered crust
28 8
). tiffto hard light grey ~ yellow - brown clay
10 1.0
).Dense sand  gravel layer
silt 15
, Balasubramaniam
(1976) 21 ( Oonchittikul
1989)
2.5
25.1
2511 (Stress in a Soil mass )

3
(Normal stress) 3 (G, G

yy'



21

LAYER
(%)

weathered clay  30-100
soft clay 40-110
13stiffclay  15-40

13 sand 17-25

2nd stiffclay  15-35

LL
(%)

30-40
40-120
23-90
17-25

30-70

PL
96>

20-35
20-40

15-40

15-35

( Oonchitikul 51989 )

Uyt e
(kNim3)

155 0220 1519

2085 0220 145-1.75 13-38

10.0-50 0.25-050 18215 04-12
1923 07

1545 035075 2.02-2.08 0813

GS

2627 05807 6.0-130

2.

K OCR

057-0.69 15-33

(kNim3  (kNim3)

20

6-27.1

2.7-28 055069 1050 30-270

2.1

2.1

1-16

60-210

C

0

¢
(deg)

17-31
21-24
22-23

30-40

:
(KNim")

8,200
3,000
700-1,000

23,800-36,500



(Shear stress) 6 (Txy, Ty, Tz, 2 Tyz, TA)

2
1)
2)
TERAGHK1923)
G-a't
<3=
G =
Triaxial
( Principle Stress)
Confining stress
1) Triaxial compression test
0, =Gv=
G2= 0j=0¢ = Confining Stress
2)  Triaxial extension test

isotropic

G3=Gv=
0’, = 02=0¢ = Confining Stress

(2.14)

19



anisotropic
90
Gy > Gc
Gl=0Gy=
G2 = G3=Gc = Confining Stress
Gy < Ge¢
G3= Gy =

G1=G2= Gc = Confining Stress

3) Lateral unloading Confining Stress
Vertical stress

Clj = Cly =
G2=63=Gc = Confining Stress

2.9 ( stress path) Triaxial
( stress parameter )
Triaxial

(Maximum Shear Stress ) 45
Gl

erb= en+(73 (2.15)

45 = en_g?) (2.16)

20



29 ()

29 ()

1 l*

im >

)

Triaxial

ujfrnAi

)03



MIT 04

4-{ ")
Y
P
_rCTx+CJI!
f& oV
=
<71- 3
210() ()
ROSCOE,SCHOFIELD WROTH (1958)

first  second invariants

=1( 1+2 3)

45 al

(2.20)

(222)

2.12

22



211 ()

2.10

211 ()

P =112 (q +cr3)
P=12 (4 +®B)

Mohr’s circle

(p.0)

23



212 () Drained

212 ()
drained



2512 (Strain)
da, ,dcy2, da3
ds, ,d82,dE3 dEv
df Triaxial (ROSCOE,SCHOFIELD
WROTH (1958))
dEv =[fls\+2ds!) (223)
ds2=ds3
ds =~ (de\-dsi) (2.24)
dv df first ~ second invariants
strain tensor

<j\ds\+2G\dE3 = (p*dv+q*ds)

) (Natural strains )

(2.25)

(226)

(227)

25



(9
Integration
=) -N =\n*t
2
) - d f = 1
L0 V0
free condition
) ( Cumulative strains )
P Lo-L
T Lo
VE=- — 7L
Vo

25.1.3 Continuum

Stress

26
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( Continuum )

25.14 Plasticity
elastic material
elasticity Hooke type  Cauchy type
plastic material plastic
deformation Deformation theory of plasticity
2.13 elastic
Elastic hody
2.14 Perfectly plastic
A B ( B A)
C yield deformation
D F( F E D)
2.15 Elasto - plastic
elastic plastic elastic ~ plastic
deformation
2.5.2
2521 elastic
1) linear elastic
Hooke

(232)



Linear and Non - linear elastic material

2.13 elastic

2.14

Perfectly plastic materiol

Perfectly plastic

28



Elosto — plastic materiol

2.15

Elasto-plastic

29



Plane Stress condition (T =¢ 2= CJB=0
Stress - Strain

| - o qu
22 =T'16-V 10 << 233
70 00 A+ @ 23)

Plane Stress condition  £3=828=0 Y=y B=0 83

£33 = (2.34)

Plane Strain condition £3= .= +=0'" 71=Y. =Y.=0
Stress - Strain

(7 l-v v 0
<G2> V 1 '1/ 0 22
- (L+v)(l- 210 y (2.35)
0 0 12
Axisymmetric condition Stress - Strain
1 0
- v 1 v 0 (74
2 X (12 )
B _ -V -V 1 - <3 ( 36)

-k 0 O O 2(1+V) GlZ



E Young’s modulus 1) Poisson’s ratio
L 3 <n G3
Extension
G2 G3
0-,-2 7 (2.37)
£33 = - o [cr33—v (cr 11+ CT33)] (2-38)
E
2.16
Normally consoliadted clay Triaxial
2) Nonlinear elastic
Nonlinear Tangent
modulus 05
Er. A (2.39)
d£
Secant modulus
(2.40)
Tangent modulus Secant modulus ¥ Deviator stress

31



Initiai tangent modulus

2.16
Normally consoliadted Clay Triaxial Undrained
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2.5.2.2 Hyperholic (KONDNER,1963)
KONDNER(1963)
\ 05
1—J3)=- —— 241
(<T—J3) e (241)
al tangent modulus
b shear strength
2523 elasto - plastic
4
1) Yield function
2) Flow rule
3 ) Hardening rule
4) principle plastic strain
principle stresses

1) Yield function

yield surface

stress space
elastic  plastic

[ =1(02,£fk) =0 (242)
02 = Stress Tensor

8F = Plastic Strain

k = Hardening Parameter

( Stress state
yield surface )

[ =0, df= 4L dcsij > 0

i (243)
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elastic - plastic behavior

[ <0 or [ =0 df=~~der,d < 0 (2.44)

elastic behavior initial yield surface plasticity
elastic
plastic strain elastic ~ plastic
2)  Flow rule
Flow rule plastic strain,

d8jp  state of stress, Gy
“plastic potential function(g)

= gX A 24
08/ =d i (245)
F=1(ai; psk)
d positive scalar of proportionality
flow rale plastic potential function(q)
yield surface
08/ =dXAE - (2.46)
oCJj
elasto - plastic ~ yield stress 217
work - hardening , yield stress
A B stress C
Stress point yield surface purely elastic

C B yield ~stress B



2.17 work - hardening

1 510
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initial yield stress ( A) ! further yield stress (  B)
yield stress “work - hardening “
elasto - plastic total strain increment elastic strain increment

plastic strain increment

Gij —Gij +Gij (247)
plastic strain increment (d Si ) Flow rule
£.C stress increment (d Gy )
stiffness matrix (Cijkl)
dCJij = Cijki d (248)
2.45 2.46 ,

dcTi=Ciki | d ski —d ski | il

3)  Hardening rule

Hardening rule yield surface ,
plastic deformation
Hardening rule 3
) Isotropic hardening loading
surface yield plastic
plastic strain  plastic strain stress condition
yield surface yield stress
|oad step (unload ) yield surface
elastic 2.18
) Kinematic hardening |oading surface rigid
body plastic strain yield surface
2.19

) Mixed hardening 2 Monotonie loading



5lfn 2.18

219

02

02

1 Isotropie hardening

Kinematic harcening

37



253 Modulus

Modulus
Finite element
Modulus
observed
LADD0964)
degree

JANBU(1963)
confining pressure

strakni

Ei
<33
Pa

Elasticity

Elasticity (E)

Elaticity

Modulus

Modulus of Elasticity

overconsolidation

stress system

BJERRUM (L964)

E= (250 500)

Undrained shear strength
MIT (1969)

A= (200 to400)

E initial tangent Modulus

( CT3\ n

Ei= KP
TP
initial tangent Modulus
minor principal stress
atmospheric pressure
modular number

Elasticity

Ei

triaxial

applied shear stress,

(250)

unconfined compression

(251)

stress-

(252)

G3

38



2.6

linearly elastic

26.1 Perfect Plasticity

Failure criterria
1) Mohr Coulomb Theory

Failure Shear stress (T) ~ normal stress (G)
251 criterion 2.20
-C +Citan®
C  cohesion

()  angle of internal friction

2) Drucker- Prager Theory

a K C Criterion

element

(253)

(254)

221



2.20 Mohr Coulomb criterion

Hydrostatic Axis

221 Drucker-Prager criterion

40



3) Tresca Criterion

96 1- 0 (255)

criterion 2.22

4) Von- Mises Theory

T =c (256)

criterion 2.23
,  Invariance  Stress tensor ( normal stress)

/1 =0y =€n 1+ £722+ (133 (257)

J2  Invariance  deviatoric stress tensor

S Deviatoric stress tensor
NEYEN (259)
p mean stress

M= j(crn 2+ CT222 +CT332)= -1 (2.60)

C,.C2C3 ¢4



2.22 Tresca criterion

Hycreituit ijil

2.23 \Von Mises criterion

42
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2.6.2 critical state
Roscoe, Schofield ~ Wroth (1958) ,  locus  critical state
g=Mp (261)
V=T-A Inp' (2.62)
M x I
M critical state frictional
A gradient  virgin compression V,Inp’
[ ordinate  critical state line  p’= 1kN/m2
26.3 Cam-clay
Cam-clay isotropic work hardening elasto - plastic
ROSCOE, SCHOFIELD ~ THURAIRAJAH (1963) critical state
critical state (dWg

dW6 = qsdSe =Mp'sd 8,5 (cs  critical state) (2.63)

d8G Incremental shear stain ~ critical state
ROSCOE (1963) shearing

W = Mp'd8 (2.64)
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flow rule '

ds 1
avp M- (269

T oy deviator stress  effective mean normal stress

dVvV '-~SdE i (2.66)

p0  intercept  yield locus P 2.24 Cam-clay yield
locus  Modified Cam-clay yield locus

2.6 Modified Cam-clay
Cam-clay critical state  shear
strain isotropic normal consolidation d S/dVRV
stress
ROSCOE  BURLAND (1968)
e _ 2 268

dvp M1- 2

2.25 ISotropie consolidation and Swelling behavior



2

2.24

q*sj' '

Cam- Clay yield locus ~ Modified Cam- Clay yield locus

2.25  Isotropic consolidation and Swelling behavior

45
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