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- Q
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o 2 4 6 8 10 o 2 4 6 8 10
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(kPa)

stress

Xl@hear

(©)

(kPa

Moé’u)l us

Shear

4-4 s
I I I I I
-1.0-0.50.0 0.5 1.0

Shear strain (%)

2 6+ — 50
Sampl e: BH1- T1. O Shear Modul us
Effect vV e ocy=e00 kPi c a | st "€ SSoampi nd A@tio

1 5 a

O
.—302
1 G+ - ® o e 5
° —20 _
Q

5 O
- — 10 |
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0. 0001 0. 001 0. 01 0. 1 1 10 o
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(m) Vs (m/s) Ve
0-5 35(0;“)0'23 0.08
5-10 33(0‘%)0'36 0.03
>10 61.6(c,)" 0.01
421 =
. 50m
BH1-T1
160 150 200 kPa 4-4
- 4-5
>
Y& =0.08, Hardin and Drenvich (1973)
<
z
o
(]
2.
o
1.
£
1.
o
- 1.

| | | |
1.4 1.6 1.8 2.0

Logrithm of mean effective stress (k
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us ( kPa)

Mo dul

Shear

ng ratio (%)

Dampi

25x40
2 6+
1 51

1 G+

Sampl e: BH1-T1
® o,/=100 kPa
O o,=150 kPa
A /=200 kPa

0.0001 0.001

0.01 0.1 1 10

Shear Strain (%)

1 Bttt s s AR SAS S oo s 0o e
Sampl e: BH1-T1
0. ® o©,=100 kPa
O o,=150kPa
0.6 A ©,=200 kPa
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Shear Strain (%)
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N
Logrithm of shear wave velocity (mﬁs)

5~10 m

4-6
Hardin and Drenvich (1973)

7¢=0.03

BH2-T2
100 150 200 kPa

4-7

| |
1.4 1.6

Logrithm of

4-6 BH2-T2

4-10

| I
1.8 2.0

mean effective stress
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Mo d u |

Shear

G/l .G«
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rat.i

Damping

A
6 0 X0 _
Sample: BH2-T2 ® o,<100kPa
5 od 0O o,=150kPa
o A ©,=200 kPa
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3 4@
2 O+
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0.0001 0.001 0.01 0.1 1 10
Shear Strain (%)
1.
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0 .~ 0O o,/=150 kPa
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ceseee PI=0
0 .-
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0 ] a
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0.0001 0.001 0.01 0.1 1 10
Shear Strain (%)
4 O+
Sample: BH2-T2 ® &8
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— A
3 - 0O o,=150kPa o .
A ©,/=200kPa ] a
Hardin r_~0.03 0 - 0
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'l
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0.0001 0.001 0.01 0.1 1 10
Shear Strain (%)
4-7 BH2-T2
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shear wave velocity (m/s%

Logrithm of

10m BH2-T2
100 150 200 kPa
4-8 4-9
Hardin and Drenvich (1973)

| | | |
1.4 1.6 1.8 2.0

Logrithm of mean effective stress

4-8 BH3-T8
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rat.i
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A
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4 0
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1 6+
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4.3

Ko
3%
4-10
0.9
N=15
0.375
M,=7.5
4-14
N=15

150 kPa
1 Hz 0.9
BHI-T1-L3
0.4 9
4-11
M,=7.5 (CRR75)
4-12
4-13 N=15
(CRR75) 0.276
4-15

M,=7.5 (CRR;5)  0.290

4-14
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Cyclic Resistance Ratio, CRR

O CRR ru=0.9 BH3-T8
A CRR DA=6% c,'=150 kPa
USCS: SM
O
\D
CSR=0.290 r\\\\\ﬁ 0
N=15
2 3 5 AR 3 4
10
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5.1
511

(physical modeling)
(numerical simulation)
(soil-structure
interaction, SSI)

512
FLAC
FLAC (explicit)
(time-stepping fashion)
(node) (zone)
(implicit)
FLAC

51



(interface element)

5.1.3 FLAC Dynamic

FLAC  Dynamic Option
Finn model
Klar and Frydman
(2002, 2004) FLAC Martin et al. (1975)

(damping)
(geometric damping)
(Material
damping)

5-2



(Material damping)

Rayleigh damping
FLAC Dynamic

Rayleigh damping
(artificial damping) (Hysteretic
damping) (linear-equivalent)

backbone curve Masing
rule
(secant shear modulus) (damping ratio)

Hardin and Drenvich (1972)
(reference

shear strain) 4-1 4-5 4-7 49

5-3



FLAC
Lysmer and Kuhlemeyer
(dashpot)
(quiet boundary)
( Z )

FLAC
Lysmer(1975) 3-D
(viscous dashpot)
51
(flexible base) (rigid
base)
FLAC Dynamic
(free-field
boundaries)
FLAC Dynamic
o= pP= V=

5-4
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i damping

sifucture I"\,__ _,/"I
] §
intemial
E ‘E dymamie "’:"_,.-:3\' i
g put T E | 3
= '!f ¥ =
& G
quiei boundary
extarnal dynamic npul (siress of fares anly)
(a) Flexible base
=
darmpirg
Elfchure l\.,_ __/'I
= &
nternal - =
E ﬁ dynamic _ r"?,‘lﬁ"‘ 5 i
a E iriput q‘"\.\_____.l' & g
E = E =
& 3

eaigmmal dynamit imput (pCceleramon or vekeciy)

(a) Frgid base

o1

. (1977)

Finn et a. (1977)

Finn et



Model

FLAC

-Coulomb

5.1.4

4)
6)
8)

Martin et al (1975)

Finn-Martin model Finn-Martin model
Byrne (1991) Martin
A _ ¢, exp(-C, (P2
4 (5.2
Finn-Martin model Finn and Byrne
2 C: SPT-N
Cl = 87( N1 gé'zs (53)
c, 04
G (5.4)
Finn and Byrne Model
SPT Mohr
1) 2)
3)
5)
Finn 7)
1 2

5-6



3)

(h)

FLAC

S-7

/10

(5.5)



FLAC
FLAC Finn model

Mohr —Coulomb Mohr —Coulomb
(permeability)
FLAC
Finn and Byrne Model
SPT N

Mohr -Coulomb

- (Mohr-Coulomb
Plasticity Model) (Plastic Flow)

(tangent stiffness)
Masing (Hysteretic damping)
Hardin reference strain
5%

5-8



T, = 2(pV U (p=

5.2
FLAC Dynamic
521
1.
(2003)
300
-10m

59

60m

-10m



2m

SPT-N

-25m N 30 -80m
N 100
( 2000)
20
(2000) -25m N 30
30
30m 16 m
BH-1 BH-2 BH-3 6m
MASW
MASW
30m 5
51 soil3  soil4 20m
Finn Model
3m
40m 30m  40x30
im 5-2 5-2
Poisson’s
raio 0.3 125 m/s 10m
12.5Hz 8Hz
8Hz
(Ny)g =17 (N)g =21
Hardin

5-10



2000)

1x107" m/s (

Top

2

Soil 1

2

Soil 2

Sail 3

11-20

2

Soil 4

20-30

2

JOB TITLE : IHMT Free Field Mesh

(*10M)

FLAC (Version 5.00)

step 2082

I IHMT:soil3
I IHMT:soil2

IHMT:soill
[_iHMT:Top
Grid plot

LEGEND
2-Nov-06 20:53
Flow Time  1.2000E-02
-2.222E+00 <x< 4.222E+01
-7.222E+00 <y< 3.722E+01

User-defined Groups

0

T R R

1E 1

Marked Gridpoints
Fixed Gridpoints
X X-direction

B Both directions

Eeg{& Hlﬂl v

CE-SDL

L 3.250

L 2750

L 2.250

L 1750

L 1.250

L 0750

L 0.250

L -0.250

T T T
0.250 0.750 1.250

5-2

5-11




5-2

Soil 4 Sail 3 Sail 2 Sail 1 Top
Density(kg/m®) 2010 2010 1950 1900 1900
Young's Modulus (MPa) 3135 3135 117 49 49
Poisson’sratio 0.3 0.3 0.3 0.3 0.3
Cohesion(Pa) 2000 2000 0 2000 2000
Friction angle(degrees) 38 38 32 35 35
Dilation angle(degrees) 0 0 0 0 0
Dilation angle(degrees) 0 0 0 0 0
Reference strain 0.01 0.01 0.03 0.08 0.08
Finn Parameter C1 -- 0.194 0.25 0.194 --
Finn Parameter C2 - 2.07 1.59 2.07 -
125 m
3m

8Hz

5-12




Fish

5.3
5-3 FF-E
FF-EQ
TCUO059 FF-HS 5-1
5-2
5-3
FF-E Elastic sin
FF-EQ MC+Finn
FF-HS MC+Finn 15 7Hz
531
180 m/s
5Hz
5-3
( ) 2 180 m/s

5-13



Hysteric Hardin ref=0.03

( 54(b)

Masing rule

JOB TITLE : FF-E Top!

FLAC (Version 5.00)

LEGEND

2-Nov-06 0:03

step 3466
Flow Time  1.4901E+00
Dynamic Time 1.2501E+00

HISTORY PLOT

Nat'l Chi Nan Univ.
CE-SDL

-1.000

-2.000

-3.000

-4.000

4.000

3.000

2.000

1.000

0.000

(10°

5-3

532

5-2
TCUO050
1 m/s
980880

FF-E

8 Hz ( 55

980880 Pa

20m

Finn

15 28
Sensor 6 m 8m
m 8.6 kPa

( 56 )

5-6

5-8 8

6m

5-14

7.5 kPa



JOB TITLE : FF-E Hyst 0.03

FLAC (Version 5.00)

LEGEND
2-Nov-06 0:09 3.000
step 3466
Flow Time 1.4901E+00
Dynamic Time 1.2501E+00 2.000
HISTORY PLOT
Y-axis : 1.000
6 X acceleration( 20, 1)
9 X acceleration( 20, 31) 0.000
X-axis :
1 Dynamic time
-1.000
-2.000
-3.000
2 4 8 10 12
@)
Nat'l Chi Nan Univ.
CE-SDL
JOB TITLE : FF-E Hyst 0.03
FLAC (Version 5.00)
(10 04
LEGEND
2-Nov-06 0:09 1.500
step 3466
Flow Time 1.4901E+00
Dynamic Time 1.2501E+00 1.000
HISTORY PLOT
Y-axis : 0.500
17 Viscous SXY ( 20, 1)
X-axis :
13 EX_6 (20, 1) 0.000
-0.500
-1.000
-1.500

Nat'l Chi Nan Univ.
CE-SDL

(@)

5-4

(b)

5-15

(ref= 0.03)
(b)




JOB TITLE : Base Velocity
FLAC (Version 5.00)
LEGEND
A
3-Nov-06 20:22 0-800 |
step 168081
Flow Time  4.8940E+02 0.600 |
Dynamic Time 2.8000E+01
0.400 b ('”
HISTORY PLOT A J UT / \
Ve W‘W |
~axis : 0.200 Uu% ‘ ’/
21 X velocity (20, 1) I } W I I
e - R |
X-axis 0.000 _ ﬂmwn\ - NH il W\ | J‘lu Lu i
1 Dynamic time v U\ | V‘MJ‘U\ ¥ | { \
Il ‘
-0.200 Iy H\ \ ‘ U
-0.400 [ \
I
-0.600
-0.800 L/
5 10 15 20 25
CE-SD Lab.
NCNU

5-5 TCUO59 8Hz (0-25 =)

5-16




Wi o

30

- e

EEREL =
4L Zensor-tim
| t 1 Rensor-Sa
(b)
5.6 (a)

5-17

(b)




JOB TITLE : Base and Top Accleration

FLAC (Version 5.00)

LEGEND

3-Nov-06 20:22

step 168081
Flow Time  4.8940E+02
Dynamic Time 2.8000E+01

HISTORY PLOT
Y-axis :

26 X acceleration( 20, 31)
X-axis :
1 Dynamic time

CE-SD Lab.
NCNU

(10 0

3.000

2.000

1.000

0.000

-1.000

-2.000

-3.000

S-7

(15-28 sec)

JOBTITLE : EPP hist 6 !

FLAC (Version 5.00)

LEGEND

3-Nov-06 20:22

step 168081
Flow Time  4.8940E+02
Dynamic Time 2.8000E+01

HISTORY PLOT
Y-axis :
2EX_4( 6,25)
3EX_4( 6,23)
X-axis :

1 Dynamic time

CE-SD Lab.

0%

8.000

7.000

6.000

5.000

4.000

3.000

2.000

1.000

6m
8m

ph BN 1A

10 15 20 25

NCNU

5-8 6m (6,25)

8m (6,23)

5-18




() (Au)
(o= Y0, +0,+0))
5-9 3m

29.9 soil 2 soil 3 (20m )

JOB TITLE : EPP hist 6 window (*1071)

FLAC (Version 5.00)

LEGEND

L 3.000

3-Nov-06 20:22

step 168081
Flow Time  4.8940E+02
Dynamic Time 2.8000E+01
-2.635E+00 <x< 4.312E+01
-7.528E+00 <y< 3.823E+01

Boundary plot
e v v v v v 01

0 1E 1 L 1.500

| 1.000

L 0.500

L 0.000

History Locations
Marked Gridpoints

CE-SD Lab.

NCNU T | B — T i N T T
0.000 0.500 1.000 1.500 2.000 2.500 3.000 3.500 4.000
(*10°1)

L -0.500

5-19



533

532
15 1.25m
( )
7 Hz
120
5-6 35 m
(sensor-8m) 55m
5-10
Sensor-6m
10 kPa
2
6.5m Sensor-6m
5-11
ru
(r,=0.3)
5-12
0.4 0.15
Sensor-6m
5-13
Sensor-8m 50 ga
10 gal 50 ga

15

6.5 m (sensor-6m)

7.5m

23 kPa

2

Sensor-8m

30

0.2

150 gd

5-20

85 m

ru

0.3



JOB TITLE : Shaking Epp hist

FLAC (Version 5.00)

LEGEND

4-Nov-06 1:54

step 140733
Flow Time 4.8940E+02
Dynamic Time 1.7143E+01

HISTORY PLOT
Y-axis :
2EX_4( 6,24)

(10 %4

2.500

2.000

3EX_4( 6,22)

1.500

5EX_4( 9,22

X-axis :
1 Dynamic time

CE-SD Lab.
NCNU

1.000

0.500

Sensor-6m Sensor- 8m

' {H'H . w W ||.|M|

\ | WM ‘wlﬁm

HW d

5-10 Sensor-6 m Sensor-8 m

Pa

6.5m 85m

JOB TITLE : Shaking Ru hist

FLAC (Version 5.00)

LEGEND

4-Nov-06 1:54

step 140733
Flow Time 4.8940E+02
Dynamic Time 1.7143E+01

HISTORY PLOT
—————

22E>< 3( 6,24)

(10"

3.500

3.000

2.500

23EX_3( 6,22)

2.000

24 EX_3( 2,24)

X-axis
1 Dynamic time

CE-SD Lab.
NCNU

1.500

1.000

0.500

i

Uil

\

Sensor-8m

i

5-11 Sensor-6 m

Sensor-8 m

(ru)

6.5 m

5-21




JOB TITLE : Shaking Ru Contour (*1071)

FLAC (Version 5.00) L 3.200

LEGEND a6 7

3.000

4-Nov-06 1:54

step 140733
Flow Time 4.8940E+02
Dynamic Time 1.7143E+01
-2.619E-01 <x< 1.722E+01
1.525E+01 <y< 3.272E+01

2.800

2.600

EX_5 Contours
0.00E+00
1.00E-01
2.00E-01
3.00E-01
4.00E-01
5.00E-01

2.400

2.200

Contour interval= 1.00E-01
Grid plot
I I |
o) 5E O

2.000

Boundary plot 1.800

0 5E 0

Beam plot
CE-SD Lab.
NCNU

1.600

0.900
(10%1)

5-12

JOB TITLE : Shaking X Acc

FLAC (Version 5.00)

LEGEND

4-Nov-06 1:54

step 140733
Flow Time  4.8940E+02
Dynamic Time 1.7143E+01

Xacc Sensor-8m

CE-SD Lab.
NCNU

5-13 Sensor-8m

5-22
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9-11

6.1
6.1.1
(coupled response)
analysis) Winkler
24
Winkler
(damping)

field) (freefield)
Winker
(pile element) (beam element)
(1975)

6-1

FLAC

(decoupled

dashpot
(near

Martin et al.



6.1.2

2 3
FLAC (node)
2
2-4
(near field)
6.2
6.2.1 9-11
9-11 6-1 0.6m
0.3m 30m 25m
40
6.2.2
921 4000
1 4A 11 12
1 4A 19
11 9 11
10~15cm
10~20cm

6-2



...... |-
L
1~ =
—""\“\/_, ..',. E;E"'ﬂi: K
Aam e L-";':"

6-1 9-11 ( 2.5m)
6.2.3
1) 2)
3) 4)
5) Finn 6)
7)
1.
9 1
( 61 45%19 131
30m gen line

6-3



(2000)

(2000) (2000)
(N}) =22
(N))g=10 6-1 6-2
X
X y 2m
oem
30m 10
6-2
Mohr-Columb
6-3 6-3
Finn
0.03~0.05MPa
Finn
soil 2 Finn 6.1
(N))g=10 10'm/s
Rayleigh 2% Hardin
6-1

6-4



free field

(Quiet Boundary)
6.1
Soil 1 Soil 2 Gravel
density(kg/m®) 1800 1800 1900
Shear Modulus (MPa) 80 30 140
Bulk Modulus
(MPa) 133 68 310
Cohesion(Pa) 50000 0 0
Friction angle(degrees) 33 30 40
Dilation angle(degrees) 0 0 0
Dilation angle(degrees) 0 0 0
Hardin re 0.01 0.08 -
Finn Parameter C1 -- 0.49 --
Finn Parameter C2 -- 0.82 --

JOBTITLE : .

(+1071)

FLAC (Version 5.00)

LEGEND

5-Nov-06 2:02

step 3166

-7.278E+00 <x< 1.383E+02
-4.878E+01 <y< 9.678E+01

User-defined Groups

I wharf:soill
‘wharf: gravel'

- wharf:soil2

Grid plot

L
0 2E 1

Marked Gridpoints
Fixed Gridpoints
X X-direction

Y Y-direction

B Both directions

CE-SD Lab.
NCNU

L 9.000

L 7.000

L 5.000

L 3.000

L 1.000

L -1.000

L -3.000

T T
0.300

T T T
0 0.700
(10

0.900

T
1.300

6-2




6-2

Elastic Moment of | Cross Sect Mass Pile
Modulus [ ner}i a Arezaa Dens t%/ Perimeter
(Gpa) (m?) (m’) (kg/ m) (m)
Beams 2.0 2.364x10° 0.305 2000 —_
Piles 2.0 6x103 0.212 2000 1.88

JOB TITLE : Wharf Beam and Pile

(10°)

FLAC (Version 5.00)

0

Net Applied Forces

max vector = 5.178E+05
[
0

LEGEND

5-Nov-06 2:03

step 8071
Flow Time  3.9584E+05
3.996E+01 <x< 1.076E+02
-5.257E+00 <y< 6.243E+01

User-defined Groups
. wharf:soill
‘wharf: gravel'
wharf:soil2
Grid plot
[ N
2E 1

1E 6

Applied Pore Pressures
O Max Value = 1.600E+05
Beam Plot

Beam Locations

Pile Plot

Structural Node Numbers
CE-SD Lab.

NCNU

L 6.000

L 5.000

4.000

3.000

2.000

1.000

0.000

0.450

T T
0.550 0.650

0.750 0.850
(10%2)

T
0.950 1.050

6-3

6-3

M ohr-Columb

Normal Shear Normal Shear Normal Shear
Stiffness Stiffness | Cohesion | Cohesion Friction Friction
(GN/m/m) | (GN/m/m) (N/m) (N/m) (degrees) | (degrees)
Soil 1 &
1.0 1.0 1000 1000 30 30
Grav
Sail 2 1.0 1.0 1000 1000 30 30

6-6




4.7km

6.3

6.3.1

(NS)

m/s) (

(TCUO059)

(9))

35
6-4

921

JOB TITLE : Wharf: Input histories

FLAC (Version 5.00)

LEGEND

5-Nov-06 3:32

step 148070
Flow Time  3.9584E+05
Dynamic Time 3.5000E+01

Table Plot

Velocity

CE-SD Lab.
NCNU

(10701

4.000

2.000

0.000

-2.000

-4.000
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6-5

JOB TITLE : Wharf:Acce. Hist

FLAC (Version 5.00)

CE-SD Lab.
NCNU

LEGEND
5-Nov-06 3:32
step 148070 2:000
Flow Time  3.9584E+05
Dynamic Time 3.5000E+01
1.000
HISTORY PLOT
Y-axis :
0.000
Base Xacc
Slope Xacc
. -1.000
X-axis :
1 Dynamic time
-2.000
-3.000

“ il l
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b [J |
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\ H

N
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\
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J ﬂ
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26
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JOB TITLE : Wharf: Max Ru

(-1071)

FLAC (Version 5.00)

LEGEND

5-Nov-06 3:32

step 148070
Flow Time  3.9584E+05
Dynamic Time 3.5000E+01
-8.166E+00 <x< 1.408E+02
-5.006E+01 <y< 9.889E+01

EX_5 Contours
0.00E+00
2.50E-01
5.00E-01
7.50E-01
1.00E+00
1.25E+00
1.50E+00
1.75E+00

Contour interval= 2.50E-01
Boundary plot

[IETISTII ]

0 2E 1

Pile Plot
Pile Locations

BEeE 1%,

NCNU

L 8.000

L 6.000

| 4.000

L 2.000

| 0.000

L -2.000

L -4.000

T T T T T T T
0.100 0.300 0.500 0.700 0.900 1.100 1.300
(10%2)

JOB TITLE : Wharf: Front Ru

FLAC (Version 5.00)

LEGEND

5-Nov-06 3:32

step 148070
Flow Time  3.9584E+05
Dynamic Time 3.5000E+01

HISTORY PLOT
Y-axis :

6 EX_3(20, 9)

15m

X-axis :
1 Dynamic time

CE-SD Lab.
NCNU

0.800
0.600
\
0.400 H \
0.200 %
WY
é V 10 15 20 25 30 35

6-7

(20,9) 15m ry

6-9




JOB TITLE : Wharf: Front Ru

FLAC (Version 5.00)

LEGEND

5-Nov-06 3:32

step 148070
Flow Time 3.9584E+05
Dynamic Time 3.5000E+01

HISTORY PLOT

CE-SD Lab.
NCNU

1.200

1.000

0.800

0.600

0.400

0.200

6.3.3

6-10
0.1m

6-10

(36,11)

0.3m

(36,19)r.,

0.7m




JOB TITLE : Wharf: Soil-Structure Interaction

(*10°1)

FLAC (Version 5.00)

LEGEND

5-Nov-06 3:32

step 148070
Flow Time  3.9584E+05
Dynamic Time 3.5000E+01
-8.166E+00 <x< 1.408E+02
-5.006E+01 <y< 9.889E+01

EX_5 Contours
0.00E+00
2.50E-01
5.00E-01
7.50E-01
1.00E+00
1.25E+00
1.50E+00
1.75E+00

Contour interval= 2.50E-01
Boundary plot
Lol
0 2E 1
Pile Plot
B voment  on
B pmap.  on

L 8.000

| 6.000

L 4.000

L 2.000

| 0.000

| -2.000

| -4.000

NCNU T

T T T T T
0.700 0.900 1.100
(+10%2)

1.300

JOB TITLE : Wharf: Crest Disp

FLAC (Version 5.00)

(10"t
LEGEND
5-Nov-06 3:32
step 148070 2.000
Flow Time  3.9584E+05

Dynamic Time 3.5000E+01

HISTORY PLOT 0.000
Y-axis :

25 X displacement( 18, 19)

-2.000
X-axis :
1 Dynamic time
-4.000
-6.000

CE-SD Lab.

—_—

NCNU

6-10
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7.1

7.1.1

7.1.2

1.2

721

3m*5Sm*1.2m(

2)

(coupled)

5-6

7-1

3)

1-2(b)

(1)



3m BH-1 BH-2

7.2.2
1.
ANCO Engineers
MK-155U (Eccentric Mass Vibrator)
7-1
7-2
m o 0o ()]
r X
y P(t)
P(t) =2F sinot =2mro’ sinot (7-1)
P(t) y
unidirectional
sinusoidal force
15 1 8Hz
2.
S5Sm X 3m Im 20cm
7-3 50cm X 40cm 50cm

7-4

7-2



7-1 (Eccentric Mass Vibrator)

7-2 ( 2004)

7-3



7-4



7.2.3

1.
( 2005 2006)
(miniature DC triaxial accelerometer)
(miniature pore pressure transducer) (coupled
sensor)

(time domain)

(coupled)
(point measurement)
1~8 Hz

(capacitive accelerometer)
PCB 3703 0.01 100 Hz

Drcuk PDCR 81

7-5 12 cm 5.5 cm
AB  (epoxy)
AB
7-1

7-5



7-1

Sensor-1 SYSCOM Cable S2002+ Triaxial
Sensor-2 SYSCOM Cable S2002+ Triaxial

PCB 3703D1FD3G
Sensor-3

Druck Druck PDCR 81

PCB 3703D1FD3G
Sensor-4

Druck Druck PDCR 81

T 3 ) S 3R




7-7

6m 8m



7-7
y THz AY1
THz 7-8 7-10

7-11(c)
7-11(d)
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X (@
(d)150~225

(b)0~75
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7-9

Y @
(d)150~225

(sec
(e)

(0)0~75
(€)225~300
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(sec
(b)

Case-17
| | | |
80 100 120 140

(sec
(©)

160

180

200
(sec
(d)

220

7-10

240
YA (a)
(d)150~225

260 280
(sec
(e)
(b)O~75
(e)225~300

7-11

300

(C)75~150
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(Z)

(Z)

(Z)



National Instrument NI-SCXI
NI LabVIEW

NI  LabVIEW  LabVIEW
(Graphic Language)

(Dataflow)
7-11
(SYSCOM)
14 ( 7-12)
PXI
724
1.
7-13 7-14

200m 100m 30m 15m
55m 8m 1lm 15.5m 19.5m
30m

7-12
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7-14

(a) (b)

7.3

731

100%



7-2

30
7-2
EHm MASS OUTPUT

CASE HZ #5HZ |N,SLINE|EW-LINE| PLATE |FORCE TON [STAR TIME
Case1 2.0 1200 @ 1L20 3.4 11:31
Case? 2.0 1200 @ 1L30+4530 6.5 12:00
Case3 2.0 1200 @ 213041520 8.93 13:35
Cased 2.0 1200 @ 3L30 12.66 14:00
Cases5 2.0 1200 @ 4130 16.63 14:35
Cases 2.0 12.0 . 4130 16.63 15:00
Case7 2.0 12.0 e 4130 16.63 15:00
Casesd 26 15.6 ) 3.01 15:57
Cased 2.6 15.6 . 2530+1512 6.43 16:10
Casel0 2.6 15.6 . 4530+1512 9.27 16:25
Casel1 4.0 24.0 . 1L20+1530 15.02 16:50
Case12 4.0 240 ® 1L20+1530 15.02 17-30
Caseld 5.0 300 @ 553041512 16.72 1751
Caseld 5.0 300 . 5530+1512 16.72 18:10
Case15 6.0 36.0 . 3530+1512 17.66 19:02
Casel5 6.0 360 e 3530+1512 17.66 10:35
Casel7 7.0 420 » 1530+1520 16.48 10°45
Caseld 7.0 40.0 L) 1530+1520 16.45 20013
Case1d 70 . 1648 20°30
Case20 8.0 . 17.73 20:53
Case21 70 . 1773 21:24
Case2? 5.9 ) 16 48 21:55

L30 - 183 300MM

L20 183 200MIM

$30 /183 30MIM

$20 s+ 183 200MM

§12 i 12Mm

7-16




71.3.2

(D)

(shear beam)

(White 1965)

y =Y
s (7-2)
(ms), —A=
7-15
y
Vi
(coupled)

7-17



Sensor{&m]

shear wave Sensor{8m)
7-15
2)
Zeghal and Elgamal (1994) (in
situ seismic downhole- array) 1-D
(shear beam)
(7,) (7)
1
r,=>pZ@+a,) (7-3)
dl'_'dz
= -4
Y n (7-4)
Z
az=al+(az—al)ﬁ Z= (m) h=
(m); p= (k%); =
; d d,= 7-16 1-D

7-18



6m 8m

7-4
— —"
e

shear |
i beam | |
— . |F

e 4 |

— — [

' Senson(Gm) |

I

n 'I

| ] Sensor(dm) | | |
shear wave ; 4
s & —
dz
7-16
(1)
14
(1 kHz)
ASCII (binary)
(binary)



2)

(D)

7~10

7-5)

Fortran

35~50Mb
Fortran
1000Hz

N

(Analog to Digital (A/D) converter)

7-20

1000Hz
(binary)

(7-5)



2)
(time domain signal)
(frequency domain signal)
(numerical integration) (baseline
correction)
(drift) 7-17
(baseline
correction) (least square regression)

(best fit curve)

7-21



0 I I I

50t -
raw data .
drift
fit

: -0.001 | -

-00015 | | |
0 5 10 15 a0

7-17

(Sheriff and Geldart 1995)

(Discrete Fourier transform DFT) N

(7-6)
1 & -
X[k _NZ e—jZﬂ'nk/N (7'6)
w, =K 27 @ (circular frequency) N=
k N At k q y
X[K]= @, k=0,1,2...N -1 (7-6)
X (Inverse Discrete Fourier
transform IDFT) %
(7-7)
N-1 _
X[n] => X[k]-e/*m/m (7-7)
k=0
(7-7)  (7-6)

7-22



(DFT) (7-7)
An N N-1
N N? N(N-1)
N 2
Cooley  Turkey(1965)
DFT DFT
N) 2 (Fast
Fourier transform FFT)
FFT (Inverse FFT IFFT)
FFT (filter)
(background noise)
(low-pass)
(high-pass) (band-pass) 7-18
FFT
2Hz 7-18(a)
(low-pass filter) (cut-off frequency) 10 Hz
10 Hz 10 Hz
AC (60Hz)
7-18(b) (high-pass filter)
(cut-off frequency)
7-18(¢c)
(band-pass filter)

7-23
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7-18
NI-DAQ
(IHMT)
(synchronization)
(reference channel)
NI-DAQ
(rtl)  NI-DAQ (r2) (r2-rt)
(delay) NI-DAQ NI-DAQ
= () (Pts/s)
7-19

7-24



7.3.3

7-20 8m FFT
Y 7Hz
7-21 7-23 7-22(c) 8m
7-22(d)

7.19 @
(b)

7-25
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7-20 8m
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7.3.4

(1

(Hydrodynamic) (Residual)

(recoverable strain)

( )
(low-pass) (band-pass)

7-24(a) Case-15( 5 Hz) 4.5~6.5 Hz
2 Hz
7-24(b)Case-17( 7 Hz)
5~12 Hz 2 Hz
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(kpa)

2)

7-25 SHz

1.5kpa

100 400

6m

Casel3-

0 100 200 300 400
(sec)
7-25
3)
7-26
6m  7-26(a) Case-20 6m
0.19
Case-19 6m
7-26(c) Case-19
200~300 0.13

7-32

500

7-26(b)
0.25
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Case20

0. H5

400 500
(sec)

400 500
(sec)

(b)

100 200 300 400 500
(ti me)
(€)
7-26 (a) Case-20 (b)Case-19 (c)Case-17
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7-27 6m 8m

6x107% 7-28 6m 8m

6m 8m

6x107%

0'>?Case17

0 50 100 150 200 250 300
(sec)

7-27
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( %)

Case-18

50 100 150 200 250 300

(sec)
7-28
7-29(a) 8m
0~100
100~250
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7.3.6

1.
7-30
15m
N-S (v
15m
2.
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Case-21
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Casel9
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8.1

1.
BWF - -
2 4
3 30m
3. : Bender element
Hardin and Drenvich (reference strain)
6 10m
CRR, 0.28
4.
FLAC Dynamic Finn and
Byrne

FLAC Dynamic

8-1



0.25

8.2

10m

TCUO059

Smx3mx1.25m( x x )

8-2

9-11

Mohr-Coulomb

15



(push over)

sensor-8m
Sensor-6m

Finn model
FLAC
u-p formulation

8-3
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CPT
CPT
( 2.1) 3
2.7
521 1 2
MASW
SPT-N
SPT-N
SPT-N
GCTS
1Hz
0.9 3 1.0

(Kammerer 2002, Hazirbaba|
2005 )
0.9 3

2.9 o ' =150kpa BH-1
T-1 1.5m o
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Hysteretic

Biggs(1964) Hardin and Drenvich (1972)
5 2.8
3 Damping Ratio reference strain
25 4.1
FLAC
2.3
BH1 BH2 BH3
25 5m ~ 10m
Vs 200 m/s
2.1 SPT-N
12 21 BH3 N |[MASW "
7 19 N K
Vs
2.5 SASW1
MASW1
SASW1 SASW2
p.31 N 15 N=15
M 75 Das
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6
FLAC
FLAC FISH
P14“Bean” “Winke” P16*“Bean”
P43* " P79*Winker”
P80“Bean” P81¢ "
P84 " P88* "
P89“ " P138¢ "
FLAC
" Mohr-Columb
P86 6.3 “ " n
Mohr-Columb i Grav
Sail ? Mohr-Columb
P86 Rayleigh "
2%"
P87 X Yy
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(Quiet Boundary)

Rayleigh
2%”
Rayleigh damping

c=aM + pK a=0

B =0.02

Xy
(Quiet Boundary)
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(2)
(2) PP11
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PP23"....
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) 3.1

(34 (
34 36

3.3 5-10m

(1)

1Hz

(2) 4.2.3
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FLAC

Sail 1 Sail 2 Gravel
density(kg/m3) 1800 1800 1900
Shear Modulus (MPa) 80 30 140
Bulk Modulus
(MPa) 133 68 310
Cohesion(Pa) 50000 0 0
Friction angle(degrees) 33 30 40
Dilation angle(degrees) | O 0 0
Hardinr, 0.01 0.08 --
Finn Parameter C1 -- 0.49 --
Finn Parameter C2 -- 0.82 --
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EHm MASS OUTPUT

CASE HZ #5HZ |N,SLINE|EW-LINE| PLATE |FORCE TON [STAR TIME
Case1 2.0 1200 @ 1L20 3.4 11:31
Case? 2.0 1200 @ 1L30+4530 6.5 12:00
Case3 2.0 1200 @ 213041520 8.93 13:35
Cased 2.0 1200 @ 3L30 12.66 14:00
Cases5 2.0 1200 @ 4130 16.63 14:35
Cases 2.0 12.0 . 4130 16.63 15:00
Case7 2.0 12.0 e 4130 16.63 15:00
Casesd 26 15.6 ) 3.01 15:57
Cased 2.6 15.6 . 2530+1512 6.43 16:10
Case10 2.6 15.6 . 4530+1512 9.27 16:25
Casel1 4.0 24.0 . 1L20+1530 15.02 16:50
Case12 4.0 240 ® 1L20+1530 15.02 17-30
Caseld 5.0 300 @ 553041512 16.72 1751
Caseld 5.0 300 . 5530+1512 16.72 18:10
Case15 6.0 36.0 . 3530+1512 17.66 19:02
Casel5 6.0 360 e 3530+1512 17.66 10:35
Casel7 7.0 420 » 1530+1520 16.48 10°45
Caseld 7.0 40.0 L) 153041520 16.45 20013
Case1d 70 . 1648 20°30
Case20 8.0 . 17.73 20:53
Case21 70 . 1773 21:24
Case2? 5.0 e 16.48 21:55

L30 183 30MM

L20 183 200

$30 /182 30MIM

$20 /|~ 183 20MM

§12 g 120Mm
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