51 Soil Stiffness

(Back  Analysis)
(Field  Instrumentation)

Young's Modulusn
(Soil - Stiffness)
(Strain Level)  Mair(1993)
51

Typical strain Ranges:

| < j«—| Retaingwalls
< - -|«—| Foundations

Stiffness G

= | 1
0.0001 0.001 0.01 . 0.1 1 10
Bender

A

Shear Strain ¢_: %
Resonant Coulomn $

A

% me== V)
0 Special Triaxial

0 Conventional

b1 Stiffness , Mair(1993)
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0.1-1%

Self-Boring Pressuremeter Test Cambridge In-Situ

Teparaksa (1999a, ) G/Su

52 53

500

400

300 \

200 ®

G/Su
/

0.01 0.1 1
Shear Strain (%)

5.2 Pressuremeter test Bangkok Soft Clay, Teparaksa(1999)

600

500

400

300 -

G/Su
Vi

200

100 s

0.01 0.1 1
Shear Strain (%)

5.3 Pressuremeter test Bangkok stiff Clay, Teparaksa(1999)



5.2
5.2.1 (Properties of Soil)
5.2.1.1 (Shear stength)
Bishop  Skempton (1954)
() Undrained Test
Shear Strength)
e
Field Vane Shear Test

1) Field Vane Shear Test

(M
(Sensitvity)

Bjerum  (1972)
Plasticity Index (PI)

(Standard Penetration Test)

()

(Soft to medium clay)

v

HField —

Py

53

(Maximum

1
<5'1)

(52)
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Fetl =
p/o=
(4 = Bjerrum (Bjerrum's correction factor) 54
( 0.7-0.85
Y} et Normalized
Eu/
14 —
v S, (FIELD) = p x S, (VANE)
B SYMBOL REFERENCE
e o4 O e Bjerrur (1972)
: A A Milligan (1972)
a w A O Ladd & Foott (1974)
= = \v4 \v4 Flaate & Preber (1974)
I3 } O LaRochelle et. al. (1974)
o 4 Laycred and Varved Clays.
B 1.0 I
< i l—fA——n
; t -
Q 4 ’ O Bjerrum's (1972) Recommended Curve
% - yY) _
: T
; 91 -
g | 0]
@®
0.6
0
- !ﬂ&r—i
0.4 1 1 1 1 1 1
0 20 40 60 80 100 120

PLASTICITY INDEX P.I, %

b4 0 Bjerum (1972) Geonor Vane
2) Standard Penetration Test
(Stiff to very stiff clay)
(SPT-N value) (Su)

(2526)

(&
06BN /2 53)



= 052N /2 (5.4)
N= (1)
N Situ Effective Vertical Stress

Unified Sail Classification System
Empirical Eu/Su

5.2.1.2 (Soil Modulus)
(Strain Level)
Pressuremeter Test Young's Modulus
(2543) (Back analysis)
B
Empirical
B = M3 (55)
Ei= Elastic Plastic Yielaing

M= Modulus Multiplier

(2543)
Eu/Su
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200 480
(Soft to medium clay) (2544)
EuSu
= 240 430
EuSu = 240
EwSu = 480
Young’s Modulus
Bulk Modulus ~ Shear Modulus Elasticity
B E B K G
e = ZEul+v) (6)
7 3
K' = \ El (57)
1 —t E'
Y 59
G =Effective Shear Modulus
«  =FEffective Bulk Modulus
EI =Undrained Young's Modulus
E =Effective Young's Modulus
V =
FLAC3D
(56)
Effective Bulk modulus ~ Effective Shear Modulus
0.33 0.3
Effective Bulk Modulus (KM Effective Bulk Modulus

(«8IL 9el) C g
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5.2.1.3 Grouting Material
Tal
void (Tail void closure)
(Tail void closure)
5.2
B R=E/qB Egrouting V
(kPa)
B 138 0.75 1000 0.3
N8 1338 0.10-0.75 133.8- 1000 0.3
(Grouting ~ material)™ ! 1

5.2.2 (Stiffness of Lining, E)

( odulus of elasticity)

2

Segment
Segment

Crown Tunnel Segment



Linear Elastic material Shell Element
Plane strain
H

;  =-—D>bh

12

Moment of Inertia

Segment
h Segment
Concrete Segment
28 430 ksc
Ec = 15210(fc)®

Ec = Modulus of Concrete (ksc)
fc= (ksc)

Ec 3.1 107kNIm23.1x10DPa)

H

58

(49

510
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523
(«0) (Pl
(OCR)
Ko Empiricall  Alpan (1967)
Ko(NO P
kome) = 0.190+0.233 gPI (611
Schmigt (1966)
(Ko (OC)) OCR
Ko,00 = Ko{NC-(OCRy (512J
m A m=0.39
08
06 (1965), roorrc?éoRO:f ;;;;;;;;
02
0
PLASTICITY INDEX, Pl (%)
b5 m P (Laad et al. 1977)
Short terrr  Total Stress Analysis Ko Ko(Total)
Pender (1980) Ko(Total)
al =Ko-av
Kofl,1= Ko-!"(Ko-J) (513,
Cth
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Ko
P lpw
Total Stress Analysis Ko
Jacky (1944) Ko (Medium dense to
dense sandLL  OCR 1 Short term Effective Stress

Ko=\-sin<t>' (514)

U] (Friction Angle)



5.3

61

Finite Difference

3
(Longitudinal ~ Effect)
531
10.50 23.89
1681
magnetic processing 2
b
5.6
L -3.24
2. 1 -3.24 £6.87
3. 2 £6.87 -105
4 -105 -14.13



5. -19.48

6. -29.72

7. -30.91

8. -37.04

53.2

53

Soil Type 1t N C S v E K G
(Nmg  (lowf) (kM) (cegree) KNTD (M) (kNm)

Made Ground ~ 18.0 - 40 25 033 5400 5300 2000
Soft Clay 1 16.5 - 20 24 033 2700 2600 1000
Soft Clay 2 16.5 - 30 24 033 4100 4000 1500
Medium Clay 175 - 55 25 033 7400 7250 2800
Stiff Clay 19.5 - 80 21 033 21500 21100 8100
Very stiff Clay 195 - 120 21 033 32300 31700 12000

Clayey Sand 200 2000 0 6 033 29150 28600 11000
Dense Sand 195 2000 0 36 033 56050 55000 21100

~THE: .1 /I

MNA  AIEK LIIIEL 7AS50c

—. " PV CASING AIPh

[l - 1
[i_ TUIIEL W

5.1 Spiling Pipe
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TMB - Earth Pressure Balanced Shield
Young's Modulus, E
Thickness
Poisson’s Ratio, v
Face Pressure(SB)
Face Pressure(NB)
MRTA- Concrete Segment
Young’s Modulus, E
Thickness
Poisson’s Ratio, v
MWA- Concrete Segment
Young’s Modulus, E
Thickness
Poisson’s Ratio, v

5.5 Spiling Pipe
Spiling Pipe
Young’s Modulus
Poisson’s Ratio, v
Polar Moment of Inertia, J
Moment of Inertia, |

55 Spiling Pipe

Spiling Pipe

5.1

63

2 x 108 kN/m2
0.15m
0.20
281 Bar
1.50 Bar

3.1 x 10/kN/m2
0.30 m
0.20

2.5 x 107kN/m2
0.35m
0.20

(for 1 spile)
5.61 x 107kN/m2
0.20
168 x 105 4
8.38x 106 4

VL
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541 Empirical
() ()
(Superposition®
i ( Gaussian’s curve)
8 6 (] (N) K
0.35 0.57 Mair
055  0.66
(Ground o )
Shallow Subsurface Settlement(SSS) 5
0.35% 8% ()
5.6 Empirical( SSS)
i K Groundloss
() (mm.)  (Gaussian) %
SB 23.89 535 8 . 034 0.35
NB 10.50 37.26 6 0.57 1.80
()
()
(GL = 1-3%)

7.30
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Shallow Subsurface Settlement Trough due to SB

2
@
£
£
<
L‘D
£
°
®
12}
N U R R R R S L e o ® Field Measurement
—— Gaussian Curve,i=8, K =034
-12 .
25 20 15 10 5 0 -5 -10 -15 -20 -z
Distance From Centerline(m.)
Shallow Subsurface Settlement Trough due to NB
0 — s
5 T e e ittt 4
£
£
<
____________________________________________________ H
£
.................................. Q@
®
__________________ 12}
_____________________________________________________________ 4
B0 S S LA LS DS S S SN S MWA Water Tunnel } ______________________
B T e - - T B e -
. @ Field Measurement
Y \—— Gaussian Curve, 1=6, K =057
.80 .
25 20 15 10 5 0 -5 -10 -15 -20 28

Distance From Centerline(m.)

59 ()
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Shallow Subsurface Settlement Trough (-0.45 m. Level)

Qe — - 70-.-.‘“.6:.\?_; e e e e e o e --'-

.,—,:u-l-i—‘"-« s
-

A

® - L 4

Wy Y T .

|30 - - - -

_________________________________________

L 40 === =

_____________________________________________

Settlement(mm.)

[ [ MWA Water Tunnel l C A W R W YR R R e I

e —-____---__ﬁ: ______________ ® Field Measurement i

~—&— Gaussian Curve,i=55
= =—Gaussian Curve, i=6

Lae----]  Jeeseeeatt s e et s n e DORVERMAIRITD heceea

25 20 15 10 L 0 -5 -10

Distance From Centerline(m.)

5.10

K ( face  Settlement
Trough) Mair K

Mair
London,
(Stiffness of Existing Structure)”

K (2544) 57

L, K GL
57 K
K Soil
() Mair (2543) (2544) Condition
SB 23.89 0.34 0.55 0.45-0.55 0.34-0.50  stiff Clay

NB 10.50 0.57 0.66 - : Soft Clay



532 Finite Difference

FLAC3D Finite
Difference 3
5321 ( )
1) Stiffness Ratio
Stiffness  Ratio
(Tail void Closure) R = EyuiqB
R
R Grouting Material
R (SB)
0.75- 08 R=0.75
(NB) Stiffness ratio
1:
| 8

10

5.11 Stiffness RatioR (B
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2.1) Shallow Subsurface Settlement Point(SSS)

22 5 f
FDA 3 58

FDA

25.35
512

Distance from Samyan Station(m.)

30.00 20 00 10.00 0.00 -10.00 -20.00 -30 00 -4000

# ttlement(mm.)

—t—y=-358m.
- y=0m

y=477m
y=1073m.
— y=1669m.
—e—y=2535m.

—F y=318m
—— y=378lm
- y=43.77
y=49.73 m.
y = 5550
«  Field

512 Shallow Surface Settlement
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2.2) Surface Settlement Point(SS)

(Ground Level)

33.82 !

3,9

Distance from Centerline (m.)

SSIGCCESSST F. 7 7, 0 & T N o { SRS, SIREPRRT S T S

3£0°11'SS
4£0°L1'SS

\'EI){NF‘LLHEIJ.VN\

— y=-11 15m
y=-519m
y=0

y=10m
-f-y 1593 m
—e—y=2189m
—% y=27.86m
- —y=3382m
- y=4980m
«  Field

U U . SIS v . . O A —

513 Surface Settlement
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2.3) Subsurface Settlement Heave(SUB)

Subsurface Settlement Heave 15
, ( tacked tunnel)

SS
Subsurface Settlement Heave 2

21.86
(crossing point) 5.14

Distance from Centerline(m.)

100 -- - — e

Settlement(mm.)

514 Subsurface Settlement

3 FDA

25- 34



Settlement(mm.)

10

25

30

3)

FDA

(Longitudinal Effect)

(DA

3.1) Longitudinal profile at Ring No.22

-30

Approac<_

-20 -10

RSN RN,
10

40
sl 5.1

Longitudinal profile at Ring No.22(Samyan-Hualumphong)

Move away

10 20 30 40 50 60

70

FDA

80

Field

Z=0m
FDA Z=458m
FDA,Z=687m
FDA,Z=1413m
FDA, Z=1948m

[ SHELD I

Longitudinal distance to tunnel face(m.)

5.15 Longitudinal profile at ring No.22

1



3.1) Longitudinal profile at Ring No.42

Ring No.22

20
heave 5 ()

3 FDA

40 5.16

Longitudinal Settlement at Crossing {Ring N0.42) Samyan-Hualumphong

Approa% Move awa) y
->

-40 -30 -20 -10 10 20 30 40 50 60
5 - A e T S = e =7 "!
|
i
|
)
0 2. {
|
58 |
§ !
E
£
§ -0
€
K
k=
@
- ® - Field
15 FDA,Z=0m
FDA, Z=458m
FDA,Z=687m
FDA,Z=1413m m
.20 FDA.Z=1948m.. .
25 Lo 2 i

Distance(m.)

5.16 Longitudinal profile at ring No.42

FDA
FDA
FDA
FDA



25D)

4)

3%5-42

(

5.17

6

5.20

13

Suwanasawat(2002)
(Ground Level = Q)
12-15 (>
(Heave) 4-8
/ )
-)



Settlement(mm.)

Settlement(mm-)

-10

-20

-25

-10

-25

Samyan Station

10

517

Samyan Station

20

Settlement Along Tunnelling Alignment

30

SRS s AN IR ot s SRS S TSIty IR M e hAstees SRRy~

Cross}ng point

40 50

Distance from Samyan Station(m.)

60

——Z=0m.

—e—Z7=458m.
Z2=687m.
Z=1413m

—a—7 =19.48 m.

70

Settlement Along Tunnelling Alignment

Hualumghong

80

Lo ddild

cecsoecsogiimescePiaccosll

Cross';ng point

——Z=0m.

—e-Z=458m.
Z=687Tm
Z=1413m.

—e—27=19.48 m.

90

30

Hualumghong

10

5.18

20

30

40 50
Distance from Samyan Station(m.)

60

70

80

9C

42



sejueine 1( [ )

-40

-25

-30

-35

-40

Settlement Along Tunnelling Alignment

——Z=0m.

—e—~7=458m.
Z=687m.
Z2=1413m |

—=—7Z=19.48 m. i

Samyan Station Crdssmg point

0 10 20 30 40 S0 60 70 80 90

Distance from Samyan Station(m.)

5.19 Y

Settlement Along Tunnelling Alignment

——Z=0m.
~e—7 =458 m.
Z=687m.
Z=14.13m.
: —=—Z=1948m.
: i
Samyan Station Cross')ng point Hualumphong
10 20 30 40 50 60 70 80 90

Distance from Samyan Station(m.)

5.20 66

15
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5.3.2.2 ( )

1 Stiffness Ratio

Stiffness Ratio

R |
R 01-03 R
Finite
Difference SSS (4261 )
Stiffness Ratio
grouting  material R 01 25
Tail void
Stiffness Ratio
b2 , 58

n 20

30

521 Stiffness RatioR (NB)



J

0

5.8 FDA
Instrumentation Maximum Settlement (mm.)
Type Field FDA Analysis ~ FDA Analysis
Instrumentation R=0.75 R=0.25
Shallow 4261 16.22 18.17
Subsurface '
Surface 16.13 10.87 1150
Settlement
Subsurface 028and 086 . 321and393 158 and 2.48
Settlement
Heave (final)
1 FDA ,
Stiffness Ratio
(Stiffness Ratio, R = 0.1)
3
)
void)
)
(Strain)
)
Mohr-Coulomb

77
NB

FDA Analysis
R=0.10
25.43

12.14

0.94 and 1.49

(Tl void)

(Tl

(Compressive state)



A
) — B Mohr-Coulomb L
(Not validity)
9
(Small strain) 1’
1 (Large strain)
Mohr-Coulomb
9), 2
plain strain (Ground Response)™ (
Face pressure, Heave effect) 3
5.3.2.3 Spiling pipe
Spiling pipe
Spiling pipe 4 8
Spiling pipe~~ Element  Beam §
(Southbound 1 ¢l)
4
FLACD Spiling pipe
Spiling  pipe
' ' Spiling pipe '
Spiling pipe
Spiling pipe Beam
Spiling pipe
Spiling pipe

Spiling pipe



	บทที่ 5 การวิเคราะห์การเคลื่อนตัวของดินจากการก่อสร้างอุโมงค์
	5.1 ความสัมพันธ์ระหว่าง Soil Stiffness กับระดับการเสียรูป
	5.2 ปัจจัยที่มีผลต่อปริมาณการทรุดตัวที่ผิวดิน
	5.3 การวิเคราะห์กรณีศึกษาจุดตัดสามย่าน
	5.4 ผลการวิเคราะห์


