PLAXIS )

41 (Shear strength of Soil)

(Stress History),
, (Disturbance),
(Strain Rate), (Volumetric Change)
2

411

Direct Shear
ASTM
(Loose sand) (Dense sand)
(Normal stress)

(@)

(Dilatancy) 41



12

T L
tm

Horizontal displacement. Ax Horizontal displacement, AX
Loose sand Dense sand
Horizontal displacement, A x +
0
-AV \%
\Y
Horizontal displacement, Ax
Loose sand Dense sand
e nsa
T
30
o)
Mohr-Coulomb Loosesand  Dense sand
41 Direct shear
4.1.2
(Field Vane Shear Test),
Empirical Situ Self Boring Pressuremeter Test

(Undrained Shear strength)
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4121

Triaxial

(Cell pressure,ac)
(Consolidated) (Unconsolidated)
(Axial stress,AG)

4.2 Triaxial 3
I Ac
o, t AC = o
°C 3
oom o]
so |
4.2 Triaxial

) Consolidated Drained Test for Normally Consolidated Clay

Cell pressure Axial stress

(Effective stress) Mohr's Coulomb
43

X, = G'tan G) (4.1)
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<

43 CD  NCClay

o)

) Consolidated Undrained Test for Normally Consolidated Clay

Axial stress

(

Cell pressure

Transducer) 1 44

R envelope

44 CU  NCClay
cu

g C (Effective Stress
Analysis) 3 GC () C

A Skempton
A Au
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Active

(Ey
) Unconsolidated Undrained Test for Normally Consolidated Clay

(Undrained Shear strength)

) =0
Consolidation Stress Cell Pressure (CTo) Ge
Unconfined Compression =0
Mohr 45
u=q2 =(ever®)l2  —— (4.2)

T UNCONFINED COMPRESSION

T
7SNNT N
B c
45 UU  Unconfined Compression ~ NC Clay
) Overconsolidated Clay
oc Clay
(Gh
OCR (OCR = G'p/ G'W) 10
(Erosion), (Aging)
(Cementation)
NC Clay  oc Clay 4.6

OC Clay NC Clay



oc Clay

Mohr-Coulomb
T, =C+atan ()

NC Cla

76

T / g
c
A E[C Bl ID
o]
4.6 Mohr-Coulomb Overconsolidated Clay
4.1.2.2 (Field Vane Shear Test)
4
Torque
U Bjerrum (1972)
U Pl > 20%
1
! 43
&N LINIVERSITY (4.3)
J = Bjerrum (1972) 4.7

[

W  Bjemum (1972)

(Anisotropy)



CORRECTION FACTOR, L

i

v Sy (FIELD) = p » S, (VANE)
3 SYMBOL REFERENCE
1.2 \v4 O e Bjerrum (1972)
A A¥ Milligan (1972)
O Ladd & Foott (1974)
I v Flaate & Preber (1974)
&) LaRochelle et. al. (1974)
1.0 # laycred and Varved Clays
i 1
i Bjerrum's (1972) Recommended Curve
0.8
A
0.6
e s
0.4 | 1 | I | 1 b
() 20 40 Ht) NO 100 |
PUASTICITY INDEX P.1.. %
47 4 Bjerrum (1972) Fv
4123 Empirical
SPT
(2526)
1 N
N o u(u=qu
b 068N (/2 CH (44)
Z050N (/2 L (45)
Stroud (1989)
NRy 46
=050 ( /2 (Stroud, 1989) (4.6)



N@= 10 + 1.55z /=0
86m ISD

SPT
Normalized

(6\) Ladd et dl (1977)

(CUCJ

(CUCIINC =0.11 +0.0037P]

4.2

SPT SPT

(1973) 48 N
G\

Nar = CNNfeD

CN

=(C1G\ONJOCR)m

78

15

............. (47)

............. (49

(Eide & Holmberg, 1972)

Empirical

N
Peck Hanson and Thornburn

49
.............. (49)

SPT
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79

72 I ’_] e CL
GQUNO . —— TryER o Sc-cL
a8 OPPER =& TSAND 5 sM
s 5 FROM (eT3) A SM-SC
40 \y OFT TBURN @ sc
‘AOST Q THOR M
S
AND “/
gcx M2 '
< i oM A
_C\-r
ALL RESIDUAL s | o —Tsc 5°
oILS a
25 2 pS E—— ° o 4
PaN SC,SC‘CL
2 CL_|-OR SM-SC
o 10 20 30 40 50 60 7Q
CORRECTED SPT N VALUES
48 N () (TPEC, 1985)
2.0
| 1 | | | | |
AFTER PECK,HANSON AND THORNBURN ( 1973 )
1.8
1.6
1.4 \
2 N
1.0 \\
5 \‘\
0.6 =
\-'\-
0.4 - - - - -
Uo LU 1o 20U 25 30U 39 40U 45 50 55 ol

EFFECTIVE OVERBURDEN PRESSURE a 0,kg /cm2

4.9

CN

(Ground Water Table)

Hydrostatic

Hydrostatic

18

Nax

23

0
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4.10

105

100

85

90 +

85

80

75 +

70

65+

Elevation (mISD)

60 |

55 ¢

45|

40}

35

30

7R

Existing Ground Level

Extreme Stage

Opcrational Stage

( Maximum)

Construction Stage &

Operational Stage (minimum)

4.10

(Soil Modulus)

25 30 35 40 45 50 55 6
Pore Pressure (m head)

Empirical

(Su, (Pl
Self Boring Pressuremeter

OCR

80
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Duncan and Buchigani (1976)
(Undrained Young's Modulus, EJ ,
OCR 4.11
30-50%  OCR 1.0- 20 Ey/
300 600 Y30 %
/ 600 1500 Eu/ u

Self Boring Pressuremeter
Shear Modulus (G)
4.10

E=260+) 0 (4.10)

=05 Eu=3G
(Drained Young’s Modulus, E) ,
(Undrained Young' Modulus) 411
E=(1+ JERUIL+ ) (4.12)

1600 :

1400 55
v

1200

1000 //// ]
U 7//1 <

\
N\
N
N\
'\\\

N\
NN

u 800

600

400

200

| 5. 2 _3 _4 5 §7’89l0
Overconsolidation ratio

411

OCR (Duncan and Buchigani, 1976)
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4.5

PLAXIS
2
(Plane Strain) Mohr-Coulomb
2
(Total Stress Analysis)
) =0
(Effective Stress Analysis)
451
PLAXIS
PLAXIS
(Inclinometer)
4.1-4.4
Field
Vane Test (u={( UM
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Soll Type y,

(kN'm3  (blowrft)

Crust 18.00
Softclay 1590

Stffclay 1870 13
Firstsand ~ 21.80 3H
Verystiffclay  20.65 25
4.2
Soil Type —y, N
(kNim3  (blowitt)
Crust 18.20 7
Softclay 1655
Stffclay 1940 16
Frstsand  20.50 36
Verystiffclay  21.00 25
Second sand  21.00 45
4.3
1 Inclinometer No,03
Soil Type | N

(kN/m3)  (blow/it

Crust 18.00
Soft clay 16.63
Stiff clay 19.37
First sand 20.20

Very stiff clay ~ 20.80

N

16
34
22

'

(*)

ol T 123

%

0.30
049
049
0.30
049

)y O OO O o o

0.30
0.49
0.49
0.30
0.49

E
(kN/m2)
7500
9000
94500
140000
215000

E
(kN/m2)
12500
14500
125000
165000
185000
215000

E
(kN/m2)

7500
8950
119500
140000
182500

(KNim2

1692
89.05

150

(KNim2

245
109.6

150

(kN/m2)

17.53
109.6

135

E/Su

532
1061

1433

E/Su

592
il

1233

E/Su

510
1090

1352

ENG

4000

ENGD

1786

4583

4713

e/n@

4118



2 Inclinometer No.04

Soil Type Y N '
(kNm3  (blowrt) ()
Crust 18.00 K|
Softclay  16.63 0
Stffclay 1937 16 0
Frstsand  20.20 A 3
Verystiffclay 2080 22 0
4.4
Soil Type vy N o
(kNm3  (blowr)  (°)
Crust 17.10 25
Softclay  15.73 0
Stffclay 1950 12 0
Firstsand  20.70 0 32
Verystiffclay 2010 22 0
Second sand  20.70 50 36
45.2
4521
Roof slab
Cantilever Beam
28.73

2

)
030
049
049

0.30
049

0.30
049
049
0.30
0.49
0.30

PLAXIS

(KNim2

7500
9250
113000
140000
182500

E
(kNim2)
11500
8950
85500
110000
175000
215000

412

(KNim2

17.53
109.6

135

(KNim2

17.36
82.50

135

—
]
~—

528
1031

1352

—
]
~—

516
1036

12%

PLAXIS

ENG

4118

e/n@

3667

4300



Concourse slab
412

Orange line slab

4.12
Base slab
23
4.13
PLAXIS £1 u
clay 532 1061
4522
Roof slab
4.14 14.6
Concourse slab
4.14 12.5
Base slab
4.15
12.6
35

85

23
23
12
15
20
5
Soft clay stiff
6.5
1.3
145

PLAXIS



Roof slab EUSu
Stiff clay 502 1141

4523
Inclinometer No. 03

Roof slab
4.16 22

Concourse slab

18
4.16
Base slab
4.17
9.5
55
PLAXIS EuSu
clay 510 1090
Inclinometer No. 04
Roof slab
Cantilever Beam 418
18
Concourse slab
4.1 16

55

18

Soft clay

1.0

86

Soft clay

stiff

20



Base slab

4.19 16
13
6
PLAXIS
Inclinometer No.04
EUSu Soft clay Stiff clay 528 1031
4524
Roof slab
Cantilever Beam 4.20
16
Concourse slab
420 135
6.5
32
Upper platform slab
Concourse slab 421
15 12
Plant slab
421 16
17
Base slah
4.22 23.5

87

19



26
6.6

EuSu Soft clay stiff clay 516 1036

Teparaksa & Tatsananipan (1998)
(1999)

45.3 Plastic

Unloading Rebound
Plastic (Yield Point)
(Roof Slab), ~ Concourse Slab Yield Point
Yield Point
Yield Point Plastic Points

88

PLAXIS

Stiffness
Teparaksa et

Rebound



Depth of diaphragm wall (m)

0 0
Sity Sand I Siry
2.50m 2.50m
st 5 B “J3$  ExcavavonLevelatl | 5
at Rool Stab
SoRtto Medum Conoanis ey Softto Medium
Cay (CH) 1 Cay (CH)
AR I Y=159um’ LA e " (] o T ¥ =150 Um’
Excavaton Level at
Orange Line Stab i
15 }— -t 15 |- §
18.00m / 16.00m
| e ] / Gkl &
Yersrum® | f E [ € Yey87um’
4 g S
2430m]| |4 E E 2430m
— — = # g 25 - g — i
| i c =
g | { g /
4 S L hd |
: & 5
B =i = . oy i £ 3
Mecsm o Dense | | 8 § ; Mockm & Donse
Sond (SM) g _Rum o Sand (SM)
J Ya218vm Teziavm’
o [ =l . as: [ i 35 ==
— — 1L —_ E sk
— jald mOvement al roof siad stage B;m:a — o - b aiage j —u:dwmumn
{ | —400m} 40 40 | 4000m|
—&— Movement from PLAXIS
| —e— Movement from PLAXIS 2 o,
= e e WS, L ALALLEN. L) O o TR (N (T
i 2 Hasd Clay (CH) sassm | 45 Sl | Hard Clay (CH) sassm |
| Tazorum’® 45 < =207 e’ T=207vm
] | 5000 m| so Loauls i : 50.00m 50 -~ ~ L5000

Uttt oy ke wttcyvel Amekraereticeyie o)
Roof slab Concourse slab Orange line slab

4.12 PLAXIS



Depth of diaphragm wall (m)

10

15

20

25

30

35

40

45

50

- Excavation Level at -—

Final Stage

——— —— ————— —— —o—]

Soft Clay Eu/Su = 532

——{Stiff Clay ~ Eu/Su = 1061 |——

=—Field movement at base slab stage|

—&— Movement from PLAXIS

|

10 0 0 2 30 40
Cum. lateral movement of diaphragm wall (mm)

4.13
PLAXIS

50

Silty Sand
2.5

Softto Medium

Clay (CH)
y = 1,59 tm3
16.00

stiff Clay (CH)
y = 1.87 tn3

Medium to Dense
Sand (SM)
y =2.18 t/m3

40.00 m

Hard Clay (CH)
y =2.07tIm3

50.00

90

CL

3.00m

Roof slab

8.05m

Concourse

slab

14.75m
Orange line]

slab

2255 m

Base slab

Diaphragm
Wall

32.00 m

Barreite Pile
@ gm

44.65m



Depth of diaphragm wall (m)

15—

ST T

1

Excavation Level at Roof Slab

|
35 |—J
I === Movement from PLAXIS

= Field movement al roof slab stage

—

45

s 0 5

Cum. lateral movement of diaphragm wall (mm)

4.14

10 15 20 25 30 35 40

Roof slab

PLAXIS

Depth of diaphragm wall (m)

35

3210 m|

=—=Field movement al concourse M“’(Q?
P | | Y=210um

| .
A ol
/

—*— Movement from PLAXIS

45

5 0 5 10 15 20 25 30 35 40

Cum. lateral movement of diaphragm wall (mm)

Concourse slab




0 ’ } \
Silty Sand
’ Y=182vm’
‘ 4.00m
5 |- 1
‘ l Soft to Medium
10 ; 1 ‘ Clay (CH)
‘ ! Y =166 Um’
Excavation Level
at Final Stage
15 =
e e e e 16.00 m
- \
= '
c=§ - ‘ , ‘ Stiff Clay. (CH)
! | |
| T Vo L 3
= |4 Y=194vm
>
©
= 1
=3 ‘ ‘ ; 23.60m
= | | ,
‘526 [—f— Y A/ L
%- ‘ | Medium to Dense
| |
= Sand (SM-SP
Softclay EwSu=592 || iR
' Y=205tm
30 — Stiff Clay Eu/Su = 1141},
| | I T
! | ] ‘ | 32.10 m
\ = Field movement at base sfab stage | Hayrd Clay (CHa)
35 r =210 tm
- 36.00 m
—— Movement from PLAXIS } :
i ' | ! Very Dense
40 | | : L
| [ [ Sand (SM-SP)
] Y=210tm’
| |
w
45 ' ' 1 45.00 m)

5 0 5

10 15 20 25 30 3H 40

Cum. lateral movement of diaphragm wall (mm)

4.15

PLAXIS

2| Diaphragm

Wall

N
©
13
e}
3

Barrette Pile
@ 10.8
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Depth of diaphragm wall (m)

25

35

40

Y=160um’
T

Excavation Level

al Roof Siab Stage

Soft to Medium

Ciay (CH)
Y= 166Um’

Stitf Clay (CH)
Ye10s Vm‘

Barrette Pile
aném

Medium to Dense|

| | |sandism -2820m]

.
f
| w—Field movement at roof slab stage 3 s
i " ¥=2020m

—&— Movement from PLAXIS
== T
N ) 4
| 3700m|

Hard Clay (CL)
¥ =208 um’

Qe oanatd e ()

4000 m|

25

Roof slab
PLAXIS

of diaphr:

™

P

3

30

35

40

Clayey Sand
¥=180um’

Soft o m
/ Excavation Level | Clay (CH)
- /t— at Concourse Y= 1680’
/// Stab Stage :

ﬁ/ : < goh \Id

Sutt Clay (CH) Diaphragm
Y = 1.94 tm Wall

2050m_

it DS Barrelle Pile
PR B 2 —— ®11.4m

l Medium lo Dense
Sand (SM)
Y=202um

‘ 37.00m|
Hard Clay (CL) |

‘ ‘ T=208um |
: s 4000 m|

25

“Qmidid oenetc el ()
Concourse slab

(Inclinometer No.03)
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CL
0
Cayey S
y =1 Ot/nﬂ 2.60m
340m Roof slab
5 ol _
St ioedum CoYﬁigurrZe
Gay (G-D slab
10 |— = == = y = 166
Excavation Level
at Final Stage 1440 m
15 o | R« p 1515 m
E Base slab
‘_g Siff an ((H Diaphragm
> y =1 %8 Wall
5 A = 2050
= 200m
O —
=
o
=N Barrette Pile
a
25 ‘ @114m
l Soft clay Eu/Su=510 N&?ﬁg\t]j}m&
29.20 m
| Stiff Clay Eu/Su-= 1090
&0 | fa— 1 y=20thB
"===Field movement at base slab stage |
35 - 1
~—4#— Movement from PLAXIS
= 37,00 m
I-brd(]ayé(r]rg
y =208
40 40.00 m
5 0 ) 0 5 2 25
Cum. lateral movement of diaphragm wall (mm)
4.17 PLAXIS

(Inclinometer N0.03)
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Depth of diaphragm wall (m)

25

35

40

Soft to Medkum

Ciay (CH)
Y= 166um’

| Medum to Dense

Sand (SM) -2220m ]
Y=202um’

3700m
[ Hard Clay (CL
[ Y=208um’

I S i

Qe ddatand (m)
Roof slab

PLAXIS

Depth of diaphragm wall (m)

35

40

T
! ~

Tl

= = = Field movement before completed
concourse siab stage

—Fiold movement afler completed
concourse siab stage

Clayay Sand
¥=180um’

Soft o Medium

Clay (CH)
Y=166um’

1440m

Suff Ciay (CH)
Ye194um’

| Medium o Dense
Sand (SM)
Y=202um’

Hard Clay (CU)
Y=z208um’

Cmbdnewtddagnd o)

25

Concourse slab

(Inclinometer No.04)

&



Depth of diaphragm wall (m)

96

0 .
Clayey Sand
Y=180um’ | [}2
3.40m ;
5 N 1 g g
Soft to Medium
| Clay (CH) s
10 = == [ | I - = 3 || slab :'
¥ =166 ym i o
g !
1
Excavation Level % 3 :
2 "
at Final Stage 14.40 m 6 T :
TR . ) i 15.15m 11!
_________ S HE A Sk oA it S, = T =
| Baseslab [[ !
M !
& 1
stiff Clay (cH) | [Bf P'@Phraom ff !
Y=194tm’ Wall i
i { i
8 2050m ||
22.00m i
1
i
Barrette Pile :
25 = — I L @11.4m :
Soft clay - Eu/Su = 528 :
Stiff Clay  Ew/Su = 1031 Medium to Densg i
: : Sand (SM) _220m| !
30 [— T e e—— Y =202Um g
==Field movement at base slab stage |
—&— Movement from PLAXIS
35 == | (P 3 =X —— ——
37.00 m
Hard Clay (CL)
Y=208¥m’
40 ‘ 40.00 m
-5 0 ) 0 1 2 5
Cum. lateral movement of diaphragm wall (mm)
4.19 PLAXIS

(Inclinometer No.04)
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4.20

| |
| |

= 1 1
/ Excavation Level

at Roof Slab Stage |

|
| P A [N |
| == Field movement &' roof slab stage

-10%%@&6? 10 25 |r((n'|65

Clayey Sand
y=1,11

Soft to Medium
Clay (CH)
Y=151m3  skb

Stif Ciay(CH)
Y=195tm3

Medium to Dense
Sand | Diaphragm
y= I Wal

...3L8am

Hard Clay (CH)
Y- Amg
Barrette Pile
014"

Very Dense
Sand (SM)
y= 2.07tm3 Pile Tipat

I w 59.05
1

Roof slab

PLAXIS

Concourse !

Depth of diaphragm wall (m)

10

25

30

35

40

45

55

Excavation Leve! at

Concourse Stab Stage

Clayey Sand
T=171um’
.50 m)

Soft to Medium

|

T1

r— -

====Field movement al concourse l

slab stage

=& Movement from PLAXIS

| | R

| |

ot ()

Clay (CH)
Y=157um’

16.00 my

SHift Clay (CH)
Y-195um’

Medium to Dense

Sand (SM)
Y=207vm’

Hard Clay (CH)
Y=201um’

4670 m|

Very Dense
Sand (SM)
Y=207um’

L S500m

19.75m

Plant slab

Barrette Pile
@nem

PileTpat
5905m

Concourse slab

"
: H
| Piatfoem siath v
G "
"
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| ——
[

Excavation Level at Upper

Piatform Stab Stage

+
|

|
| | ‘

+ + —t | S
|

|

] S SR | | S G
|—led movement at Upper platform |
slab stage 1

—&— Movement from PLAXIS

{ ris—| + + + ¥ A
|
|

fivid

-lﬁmﬁheoanaxﬂfé‘tdj iO 25 wtnm)S

421

layey Sand
= 171 t3
3.80m
Soft to Medium
Clay(CH)

Y=1571im3

16.00m

Stiff Qay(CH)
Y=195tm3

2950m

Medium to Dense

Sand (SM)
Y=2071m3

__.&dh

Hard Clay (CH)

y= i3

46.70m

Very Dense
Sand (SM)
T=207tm3

— 500,

220m
Roof slab

710m
Concourse

slab

1445m
Upper 1
Platform slaf)

19.75m |

Diaphragm
Wall

Barrette Pile
114m

Pile Tip at
59.05m

Upper Platform slab

PLAXIS

Depth of diaphragm wall (m)

20

25

35

40

45

Excavation Level

at Plant Slab Stage

Clayey Sand
Y=171ym’
3.50 m|
Soft to Medium
Clay (CH)
Y-1s570m’

16.00 my

220m

7.10m

/| Roofsiab 4t

¢

R s

- S S
|

b I A | -

| ==—=Field movement at plant slab stage
|

| —®— Movement from PLAXIS

Suff Clay (CH)
Y= 195um’

Medkum o Densel

Sand (SM)
T=207vm’

Hard Clay (CH)
Y=201vm’

46.70 m|

Very Dense
Sand (SM)
Y=207vm’

55.00

Plant slab

2080m| |

| Concourse

slab

Pie Tip at

59.05m




10

15

w N N
o w o

Depth of diaphragm wall (m)

w
(6)]

40

45

50

55

Clayey Sand
Y=171tm°
3.50 m
1 Soft to Medium
! Clay (CH)
: = % P ot ‘7 Y=157Um’
16.00 m
= |
\
B T Stiff Clay (CH)
| Y = 1.95ym’
|
| e — - ]
s Excavation Level 29.50 m
at Final Stage Medium to Dense
‘ Sand (SM)
| i Y=207um’
o |
{ 36.80 m
‘ ! l
| 4 |
s i 3 | Hard Clay (CH)
Soft Clay. Eu/Su = 516 E Y =201 ¢m
ol ‘ | |Stiff Clay Eu/Su = 1036 81
: L == 46.70 m
== Field movement at base slab stage
Very Dense
| —a— Movement from PLAXIS Sand (SM)
==t = Y=207Um’
\ \
55.00 m

2.20m i

Roof slab

Cum. lateral movement of diaphragm wall (mm)

4.22

PLAXIS

" Upper

1
1
1 I
+| Platform slat}
:
1

A

19.75 m

Plant slab

Base slab |

2
2

Barrette Pile »
@11.4m

Pile Tip at

59.065 m
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