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L 
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G

(Dyvik and Madshus;1985, Jovicic et al.;1996, 

Viggiani and Atkinson ;1995)

BE

Start-to-start Cross correlation analysis( ) 2

(1) Start-to-start

Star-to-start

3.8 sin BE

Start-to-start 
t Peak-to-peak


t S

1 b 
t Star-to-start

S’ 1 c 
t Peak-to-peak

(2001 2004) Peak-to-peak
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S b

Star-to-start

Star-to-start

b near field effect

4.8 a b

Brignoli et al. (1996) near field effect

BE 4.9 near 

field effect Brignoli et al. (1996)

a b b

near filed effect

4 8

(Salinero et al.;1986, Mancuso et al.;1989) Start-to-start

BE

near field effect

Star-to-start 4.9 b


t

(2) Cross correlation analysis

Cross correlation analysis 2

Viggiani and Atkinson (1995) (1997) near field effect

4-8 BE Cross correlation analysis

� � � � � �� 	�
��

��� dtYtX
T

CC
T

xy

1lim (4-8)

CCxy T X(t) Y(t)

� Cross correlation analysis
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4-8

CCxy CCxy-max Cross correlation 

analysis CCxy/CCxy-max=1 T Peak-to-peak

(2001 2004)

Cross correlation analysis

4.10 BE Star-to-start

S-C Cross correlation analysis 1 S-Pa

S-C S-Pa

4.11 BE Cross correlation 

analysis (2001, 2004)

Star-to-start Cross correlation analysis

BE Start-to-start Cross correlation analysis

1

Received
wave

Input
wave

Peak-to-peak

Start-to-start


t


t

S

S’

a b

c
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w=10% 16) Ec=22 113 504kJ/m3 3

Ec 5cm 10cm

5

Ec
18), 19) , 20)

R L B
c

W H N N
E

V

� � �
�                                    (4-7)

WR (=0.00116kN) H (m) NL (=5 ) NB

1 V (m3) WR

NL WR=0.00116kN NL=5 H 1

NB Ec 4.4

Ec H 1

NB NB

H Ec=22kJ/m3 H=0.05m Ec=113 

kJ/m3 Ec=504kJ/m3 H=0.184m

-4.4

Tamping energy Dropping height
Ec (kJ/m3) 1st layer 2nd layer 3rd layer 4th layer 5th layer of a rammer (m)

22 5 10 15 25 30 0.050
113 14 19 23 25 29 0.184
504 60 80 100 120 140 0.184

Number of dropping per a layer
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�c’=20kPa

100kPa

B=0.95

c’=50 100 200 400kPa

BE

BE V=20V f=2.5 5 10

15 20 25 30kHz

Vs L BE

t start-to-start

start-to-start near field effect
21), 22) near field effect

4 8

start-to-start

BE near field 

effect 
t

1

7 BE Nw=5


t 
t


t near-field-effect

BE 4.12

Nw 
t

near field effect

Nw<5 f<5Hz

Nw>5 (f�10Hz) f=15Hz


t near-field-effect

Nw>5 f�10Hz

-4 f=2.5Hz f=5Hz f=10Hz


t 0.560msec 
t
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VS G (4-5) (4-6)

t

L
VS 


� (4-8)

2
St VG �� � (4-9)

�t

BE

4-5 Fc Ec �c’

e �t Vs

G
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4.12
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4.5

Soil Fc (%) E c(kJ/m3) �'c(kPa) e �t(g/cm3) V s(m/sec) G (MPa)
50 1.194 1.664 145.4 35.2

22 100 1.182 1.666 173.7 50.3
200 1.165 1.672 210.6 74.2
400 1.141 1.679 252.0 106.6
50 1.057 1.707 159.6 43.4

0 113 100 1.049 1.711 188.5 60.8
200 1.039 1.713 218.6 81.9
400 1.021 1.719 259.3 115.6
50 1.018 1.720 162.6 45.5

504 100 1.012 1.723 195.6 65.9
200 1.003 1.726 234.4 94.8
400 0.989 1.730 276.2 132.0
50 1.168 1.671 131.4 28.9

22 100 1.152 1.676 158.9 42.3
200 1.128 1.685 196.3 64.9
400 1.095 1.694 236.2 94.5
50 1.033 1.716 146.2 36.7

10 113 100 1.022 1.720 170.4 50.0
200 1.000 1.729 208.4 75.1
400 0.982 1.734 247.0 105.8
50 0.928 1.754 152.3 40.7

504 100 0.922 1.757 182.6 58.6
200 0.914 1.760 220.6 85.6

Aira shriasu 400 0.898 1.766 266.0 125.0
50 1.092 1.697 130.2 28.7

22 100 1.076 1.701 155.6 41.2
200 1.054 1.709 187.7 60.2
400 1.019 1.721 234.0 94.2
50 1.012 1.723 138.6 33.1

20 113 100 0.999 1.726 165.0 47.0
200 0.980 1.737 198.6 68.5
400 0.950 1.747 247.5 107.0
50 0.908 1.763 147.1 38.1

504 100 0.900 1.766 175.9 54.7
200 0.888 1.771 211.0 78.8
400 0.869 1.779 251.1 112.1
50 1.091 1.698 116.6 23.1

22 100 1.069 1.704 146.8 36.7
200 1.037 1.715 184.8 58.6
400 0.996 1.730 228.1 90.0
50 0.986 1.733 133.8 31.0

30 113 100 0.973 1.738 162.1 45.7
200 0.955 1.745 195.5 66.7
400 0.928 1.755 237.8 99.2
50 0.843 1.790 143.6 36.9

504 100 0.834 1.794 170.5 52.1
200 0.821 1.800 202.8 74.0
400 0.802 1.808 249.2 112.3
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4.13(a) (b) (c) Ec

e �c’ e �c’=20kPa

BE �c’=50, 100, 200, 400kPa

Ec e Fc=0%

Fc

�c’=400kPa �c’ e

4.14 �c’=100kPa e eg

Fc Ec

3.13 e Ec

Fc eg

Fc

Fc

BE G �c’

Ec 4.15(a) (b) (c) �c’=20kPa e

Ec �c’

G Fc

e G

e G

e

G

Fc

G b

ege
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(a) Ec=22kJ/m3

(b) Ec=113kJ/m3
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(c) Ec=504kJ/m3

4.13

4.14 (�c’=100kPa)
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(a) Ec=22kJ/m3

(b) Ec=113kJ/m3
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(c) Ec=504kJ/m3

.15
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G

e �’m

� �1 'n n
A mG CP f e ��� (4-11)

C n f(e) e PA

100kPa �’m BE

�c’

�’m

f(e) Hardin Richart23) Jamiollowski 24)

(4-12) (4-13)

� � � �2

1
B e

f e
e

�
�

	
                                     (4-12)

� � af e e�                                           (4-13)

B a B

B=2.17 10), 23), 24) (4-12) B

e (4-13) e

(4-11) (4-12)

f(e) (4-9)

G 24)

1 'n a n
A mG CP e ��� (3-13)

n G

G �c’ Salgado 11)

BE Fc

n Salgado 11) (4-14)
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Fc=0, 5, 10, 15% n=0.443, 0.458, 0.557, 0.715

Fc n 4-18(a), (b), (c)

G �c’ 4.18 Fc

Salgado 11) n Fc

Fc n 0.5

0.6 Fc=0%

n n 0.5 n n 0.5

(4-14) n 0.5

(4-14)

� �0.5'

a
A

m A

G
CP e

P�
�                              (4-15)

(4-14) �’m G e

G

e ege

4-18(a)~(e) b 1 0.75 0.5 0.25 0

G ege

Hardin Richart23)

� �
� �2

0.5'

2.97
3270

1A

m A

eG
P

eP�

�
� � �

	
(in kPa)      (4-16)

Fc=0% Hardin Richart
23) G 4.18(a) b=1

ege e e

Fc G Fc

G e 4.18(e)

b=0 ege eg
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Fc G

b b=0 1 G

ege B 4.16 b=0.75

b=0.25 Fc=10, 20, 30% G

ege Fc=0% b=0.5

Fc=0% G e

b=0.75, 0.5, 0.25 b=0~1

b b=0.5

Fc Fc=0%

4.18(a) Fc=0% G e

(4-16)

� �
1.5

0.5'
640 A

m A

G
P e

P�
�� � �     (in kPa)     (4-17)

b=0.5 Fc=0~30%

G ege Fc=0% G e

Fc=0~30% G

ege �’m

� �
1.5
( 0.5)0.5'

640 A ge b

m A

G
P e

P�
�

�� � �     (in kPa)     (4-18)

ege(b=0.5) b=0.5 ege

(3-18) (3-11)

0.5 1.5 0.5
( 0.5)640 A ge b mG P e ��
�� � � �     (in kPa)     (4-19)

(4-19) (4-6) G

e �’m Fc
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1.5
0.5 ' 0.50.5640

1 0.5A m

e Fc
G P

Fc
�

�	 �� �� � � �� �� �� �
(in kPa)   (4-20)

4.19 Fc=0~30% BE

(4-17) G

G (4-20) (3-20)
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4.20 PS G

G PS G

4.21 G

G G
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4.21 PS

4-20

G b
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4-16 b

0 b 1 b
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4.17 n

(a) b=1.0 (ege=e) 
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(b) b=0.75 
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(d) b=0.25 

(e) b=0 (ege=eg) 

4.18  

0.5 1.0 1.5 2.0
0

20

40

60

80

Equivalent void ratio, ege

G
/( �

' c/
P

A
)0.

5
(M

P
a)

�'c=50-400 kPa
Aira shirasu

: Fc=0%
: Fc=10%
: Fc=20%
: Fc=30%

b=0.25

0.5 1.0 1.5 2.0
0

20

40

60

80

Equivalent void ratio, ege

G
/( �

' c/
P

A
)0.

5
(M

P
a)

�'c=50-400 kPa
Aira shirasu

: Fc=0%
: Fc=10%
: Fc=20%
: Fc=30%

b=0



93

4.19
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4.20 PS G G
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4.21 G G
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4 5

1. e G Fc

 

 

2. Fc G 0.5

 

3. b=0.5 ege

Fc G

ege G

(4-16)  
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6 7

6 7 1
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4-2

7

6

5-1

6 7
�s(g/ ) 2.66 2.62

0.982 0.931
0.619 0.613

D50(mm) 0.26 0.18

5-1.
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