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25 3
G.L.!0.56m G.L.!0.40m 15

1 G.L.!0.00 0.50m Fc 38.2% 3 G.L.!0.00 0.50m
Fc 24.4%

 
 

(G.L. m)
No. ( )

 
(GL m)

1 1.12 0.50 25 0.45
3 0.56 0.40 15 0.45

 

 

SRS MRS
1 SWS-WL

2 1.20m

1  
RI-CPT 0.80m

 

No.  
(G.L m) 

 

 1.80 11/15 
SRS  1.80 11/20~22 
MRS  1.65 11/21 1  
SWS_WL 1.42 11/27 

 0.74 11/12 
SRS  1.20 11/21~22 
MRS  1.15 11/20 2  
SWS_WL 1.20 11/27 
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1 2 

MRS

1 2
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GL -m  
 

GL -m  
 0.40 0.35 

 2.00 2.30 
 1.40 1.80 
 0.80 0.74 

 0.80 0.92 
1 1.15  
2 1.05 1.30 

 
6mm 1m

SWS 33mm 19mm
 

 

No.  
 

(G.L m) 
 

MRS  1.22 12/10 
SWS Vibro  1.05 12/5 1 
SWS_WL 1.00 12/5 

 1.30 12/7 
MRS  0.95 12/12 
SWS Vibro  0.71 12/6 

2 

SWS_WL 0.66 12/6 
 



 

 155 

GL-3m
 

SWS ECO- 1V
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 156 

�
�
(m)

�
�
�

�
�
�

1.45
1.75

�������

����

3.55

������

4.60 �������

2.35

�����

������

0

1

2

3

4

5

6

7

8

9

10

0 20 40 60 80 100

Vibro
SPT

 (%)

(1) 

 (G
L 
� m

)

0

1

2

3

4

5

6

7

8

9

10

0 20 40 60 80 100

Vibro
SPT

Fc (%)

(2) 

 (G
L 
� m

)

0

1

2

3

4

5

6

7

8

9

10

0 20 40 60 80 100

Vibro
SPT

wn (%)

(3) 

 (G
L 
� m

)

 

�
�
(m)

�
�
�

�
�
�

0.80
1.40

5.25

0.30

6.75

2.45
2.90
3.35

4.20
4.60

7.25
7.50
7.80
8.45
8.80
9.45

�����

�����

��

��

��

������

������

�����

��
����

�����
��

����
��

�����
��

�����

0

1

2

3

4

5

6

7

8

9

10

0 20 40 60 80 100

Vibro
SPT

 (G
L 
� m

)

 (%)

(1) 
0

1

2

3

4

5

6

7

8

9

10

0 20 40 60 80 100

Vibro
SPT

Fc (%)

 (G
L 
� m

)

(2) 
0

1

2

3

4

5

6

7

8

9

10

0 20 40 60 80 100

Vibro
SPT

 (G
L 
� m

)

wn (%)

(3) 

1
Vibro 2 SPT

Vibro Vibro
1 2 Fc

wn  
1 Vibro G.L.!9.60m Vibro G.L.!8.00m

G.L.!3.00 5.00m Fc

Vibro Vibro

wn



 

 157 

 
2 Vibro G.L.!10.60m Vibro G.L.!5.00m

N 15 SPT Fc

w n Vibro SPT  

 

0

1

2

3

4

5

6

7

8

9

10

0 20 40 60 80 100

Vibro
Vibro

 (G
L 
� m

)

 (%)

(1) 

0

1

2

3

4

5

6

7

8

9

10

0 20 40 60 80 100

Vibro
Vibro

 (G
L 
� m

)

(2) 

Fc (%)

0

1

2

3

4

5

6

7

8

9

10

0 20 40 60 80 100

Vibro
Vibro

 (G
L 
� m

)

wn (%)

(3) 

 
1

 

0

1

2

3

4

5

6

7

8

9

10

0 20 40 60 80 100

Vibro
Vibro

SPT (m
)

 (%)

(1) 

0

1

2

3

4

5

6

7

8

9

10

0 20 40 60 80 100

Vibro
Vibro

SPT (m
)

(2) 

Fc (%)

0

1

2

3

4

5

6

7

8

9

10

0 20 40 60 80

Vibro
SPT

 (m
)

wn (%)

(3) 

 
2



 

 158 

1 2 4
SWS  

SWS
3 SWS

 
50cm

28mm SWS i)
50cm ii)

 
 

SRS SP SWS
15cm i)SWS

ii) SWS
 

 

20cm
27mm SWS

i) ii)20cm
iii)

 

 

   
   

SWS



 

 159 

 
         

SWS

 

(1) (4) 1 2 SWS
SPT Fc SPT 0.5m

(3) 1 SPT Vibro_SP

Fc SPT Vibro_SP

 

(1) SPT

Fc

1.0m SPT 0.5m

SPT  

(2) SP SPT 10% Fc

SPT  

(3) 1 GL-5.5m

SPT GL-6m Fc SPT

 

(4) 2 SPT

GL-2m

Fc GL-2m

SP

Fc  

 

ii)  

 
 

 i
)

 
  

 

SWS  
 

 i
)

 
 

 i
)

 
      

 i
i)

 

 

 i
i)

 
  

 
 

 i
ii)

 
 

 



 

 160 

0

1

2

3

4

5

6

7

8

9

10

0 20 40 60 80 100

SPT

 (m
)

(1) 

Fc (%)

 

0

1

2

3

4

5

6

7

8

9

10

0 10 20 30 40 50 60 70

SPT

 (m
)

(2) 

Fc (%)

 

0

1

2

3

4

5

6

7

8

9

10

0 20 40 60 80 100

SPT

 (m
)

(3) 

Fc (%)

0

1

2

3

4

5

6

7

8

9

10

0 20 40 60 80 100

SPT

 (m
)

(4) 

Fc (%)

 
SWS SPT Fc

 
 

 1)
19 41 pp.89-94 2013. 

 



 

 161 

SWS

10m 2 SWS 1

5m SWS DT-SWS DT-SWS

5m SWS 1.5m

N 30 DT-SWS

2m SWS

2m SWS

Nsw 2m SWS DT-SWS5

SWS  

 

 
SWS  

 
DT-SWS

DT-SWS SWS 19mm 20A

27.2mm 21.6mm

 

 

1m 2m 5m SWS  

 

 

SWS

 

SWS  

�
�
(m)

�
�
�

�
�
�
��

�����

3.50

������

1.60

�����

��������

5.00
�����

1.15



 

 162 

 
DT-SWS  

 
DT-SWS SWS 2

2  

DT-SWS DT-SWS SWS

N

qu

 

 

12 DT-SWS SWS 11 SWS

DT-SWS  

N75 Y100 Y75

“N ” ”Y “

75 75cm 100 100cm N

1kN Y 0.25 kN

 

DT-SWS 1 75cm 100cm

DT-SWS5 5m  

Y75

2 5

M

SWS DT-SWS

25cm Mp

75cm 1cm

Mr  



 

 163 

 
(a)  

 
(b)  

 
(c)  

N qu SWS DT-SWS  



 

 164 

 
(d)  

 
(e)  

 
(f)  

N qu SWS DT-SWS  



 

 165 

 
(g)  

 
(h)  

 
(i)  

N qu SWS DT-SWS  
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N Nsw

1) 1 4
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N SWS  

 

qu DT-SWS qu Nsw

qu =95+1.2 Nsw

Nsw 10 (4.3.1) Wsw’

qu qu Wsw’
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Mr  

Mr Mr fs

(4.3.4)  

Mr = fs (!dL)(d/2) (4.3.4) 

fs (N/m2) 

d =0.019m  

L m (m)  

Wsw (4.3.5) (4.3.4) (4.3.5)

fs Mr (4.3.6)  

Wsw = fs(!dL) (4.3.5) 

Mr = (d/2) Wsw (4.3.6) 

(4.3.1) Wsw’ Wsw

aWsw (4.3.7)  

aWsw = Wsw + lg L ! Mr /(d/2) (4.3.7) 

0 aWsw=0 Mr (4.3.7) (4.3.8)  

Mr = (d/2)( Wsw + lg L)=0.0095(Wsw + 22L) (4.3.8) 

Wsw

aWsw = Wsw Mr (4.3.7) (4.3.9)  

Mr = (d/2)( lg L)  =  0.209L (4.3.9) 

(4.3.8) Wsw=1kN (aWsw=0)

(4.3.9) (aWsw=Wsw) Mr

Nsw Mr

Mr (4.3.7) aWsw

Mr

 

Mr 4 2 SWS

Mr Nsw

Mr

Mr Nsw Mr  

(4.3.4) Mr fs

SWS (25cm) v =

1m Nsw Nsw/8 h (4.3.10) (4.3.11)
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(a) (b)  

Mr SWS  

 

v = s = 0.25m (4.3.10) 

h = (!d)(Nsw/8) (4.3.11) 

fsv fsh (4.3.12) (4.3.13)  

 fsv = fs cos hv (4.3.12) 

 fsh = fs sin hv (4.3.13) 

 tan hv = h/ v = (!d)Nsw/(8s) 

 

 

 

 

 

 

 
Nsw 10 Nsw=10 fsv fsh (4.3.10) (4.3.13)

fsv/fs fsh/fs  

  
 

fsv 
fs 

fsh 
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Nsw 10  

 

(4.3.5) Wsw  

Wsw = fsv (!dL) = ( fsv / fs) fs (!dL) (4.3.14) 

(4.3.4) (4.3.14) (4.3.7) cWsw (N)

 

cWsw = Wsw + lgL ! (fsv/ fs) Mr /(d/2) (4.3.15) 

 = Wsw+22L ! 0.958 Mr /(0.019/2) = Wsw + 22L ! 100.8Mr 

Nsw>10  

 

Nsw Mr (4.3.16)  

Nsw = 3 Mr = 3(fsh/ fs) Mr (4.3.16) 

Nsw cNsw

 

cNsw = Nsw ! 3(fsh / fs) Mr = Nsw ! 3sin hv Mr (4.3.17) 

SWS DT-SWS 3

SWS DT-SWS

 
 

 
(a) (b) (c)  

Mr  
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1) DT-SWS
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3) N DT-SWS N DT-SWS

N DT-SWS

 

 N=4+0.05Nsw 
4) qu DT-SWS qu (kN/m2) DT-SWS

 

 Nsw 10 qu=95 Wsw’  

 Nsw >10 qu=95+ 1.2Nsw 

 Wsw’ kN  

5) Mr

SWS DT-SWS Nsw

 

 1) Vol.8 No.1
pp.13 18 1960. 
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N CPT
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SWS Nsw  
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CPT SWS      CPT SWS  
 

SWS

1kN
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CPT
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qt Wsw

SWS qsw (4.4.2)  

 

qsw =
(Wsw + l ! lg)

A
 (4.4.2) 
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CPT qt qsw  
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CPT 60° SWS
CPT (4.4.3) "

CPT SWS qsw (4.3.2) A CPT
10cm2 (4.3.3) "

 

qt (CPT) = ! qsw (SWS)  (4.4.3) 
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DT-SWS
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4 4
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13 1113 5m
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SWS
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CPT qt Wsw 0.5kN
1.0kN (4.4.2) qsw (4.4.3) " 0.5kN
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Ic Ic 2.0 2.0 2.5
qt Nsw Nsw

SWS 1.0kN Wsw Wsw=1kN
(4.4.2) qsw qsw* (qt!qsw*)

Nsw 150 Nsw

10m 20m

Nsw

Nsw 150 qt

Nsw (qt!qsw*)
Ic

(qt!qsw*) Nsw

(4.4.4)  

 

Nsw = 35(qt ! qsw*)  (4.4.4) 

SWS CPT

Nsw (qt!qsw*) N Nsw
1)

N qt 2

5)

SPT SWS CPT SWS

qt N (4.3.5)
 

 

N =1.5qt  (4.4.5) 

qt MPa
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CPT qt SPT N  

(4.4.4) (4.4.5)
Nsw N

N
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(4.4.4) qt qsw*
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Nsw qt qt N 6)
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(4.5.1)
(4.5.2)

Wsw 1kN
 

SWS
SPT N

Wsw Nsw  

0

5

10

15

20

25

0 0.5 1 50 100 150 200 250 300

N

NswWsw (kN)

N = 2Wsw + 0.067Nsw

10m
10m

 

17 Wsw Nsw N  

 

0

5

10

15

20

25

0 0.5 1 50 100 150 200 250 300

N

NswWsw (kN)

10m
10m

N = 3Wsw + 0.050Nsw

 
17 Wsw Nsw N  



 

 188 

qu
qu

(1) (5) 5 SWS N
qu SWS

Y YBM Y
G N H E  
(1) 2 17m qu qu
SWS qu 8m Nsw=0 qu

8m qu
 

(2) 16m qu 57m
qu qu

Nsw  
(3) 4.6m qu qu

H qu  
(4) 8.5m qu

qu qu  
(5) 16m (2) qu

qu
 

3 16 20m qu

2011
 

SWS  

 

(m)

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

�
�
(m)

�
�
(m)

�
�
�

�
�
�

�
�
�

4.90 11.80

�� ��

1.35 13.60
�� ��

�� ��

27

28

29

0.45 12.25 ����� ��

0.50 14.10 ����� ��

1.15 15.25

����� ��

10

12

14

16

18

20

22

24

26

28

30

0 50 100 150 200

S (N)
D (N)
H (H)

 (m
)

qu, qu (kN/m2)

SWS Wsw Nsw qu  

 



 

 189 

(m)

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

�
�
(m)

�
�
(m)

�
�
�

�
�
�

�
�
�

1.15 1.15

17

18

19

�� �
��

���

9.30 14.30

�� ��

�����

1.90 3.50

���������

0.45 1.60

�����

��
��������

��

��
1.50 5.00

�����

��

2.50 16.80

������ ��

0.60 17.40

0.80 18.20

������ ��

����� ��

1.60 19.80

0

2

4

6

8

10

12

14

16

18

20

0 50 100 150 200

S (N)
N (Y)
N (N)

 (m
)

qu, qu (kN/m2)

(1) 

(m)

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

�
�
(m)

�
�
(m)

�
�
�

�
�
�

�
�
�

27

28

29

�� ��

����� ��

2.00 16.00

����� ��

8.25 14.00

10

12

14

16

18

20

22

24

26

28

30

0 50 100 150 200

S (N)
N (Y)
H (H)

 (m
)

qu, qu (kN/m2)

(2) 

(m)

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

�
�
(m)

�
�
(m)

�
�
�

�
�
�

�
�
�

1.45 1.45
0.30 1.75

17

18

19

����������

���� ��

1.20 3.55

������

�

1.05 4.60 ������� ��

������ ��

��
14.90 19.50

0.60 2.35 ��

�����

���

�����

0

2

4

6

8

10

12

14

16

18

20

0 50 100 150 200

S (N)
D (Y)
N (Y)
N (N)
H (H)

 (m
)

qu, qu (kN/m2)

(3) 

(m)

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

�
�
(m)

�
�
(m)

�
�
�

�
�
�

�
�
�

0.80 1.15

17

18

19

����� �

������

1.80 4.20

��

��

������

1.25 2.40

��

0.35 0.35 ���������� �

�

1.90 6.10
��

2.40 8.50

������� ��

1.25 9.75 ����� ��

2.25 12.00

��

��
��
�
���

0

2

4

6

8

10

12

14

16

18

20

0 50 100 150 200

N (Y )
N (G )

 (m
)

qu, qu (kN/m2)

(4) 

(m)

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

�
�
(m)

�
�
(m)

�
�
�

�
�
�

�
�
�

27

28

29

������

1.50 12.50

��

������

1.40 11.00

3.50 16.00

����� ��

� ��

1.50 17.50
����� ��

��

10

12

14

16

18

20

22

24

26

28

30

0 50 100 150 200

S (N)
N (Y )
N (G )
H (H)

 (m
)

qu, qu (kN/m2)

(5) 

SWS Wsw Nsw qu  



 

 190 

qu
13 Wsw Nsw qu

10m 10m 10m qu 100kN/m2

(4.5.3)
 

 

0

50

100

150

200

250

300

350

0 0.25 0.5 0.75 1 25 50 75 100 125 150 175 200

q u
 (k

N
/m

2 )

NswWsw (kN)

qu = 45Wsw + 0.75Nsw 

10m
10m

 
13 Wsw Nsw qu

 1) Vol.8 No.1
pp.13 18 1960. 



 

 191 

SWS 9
12

1) SWS 4 3
SWS

DT-SWS

DT-SWS
 

2) SWS

30 SWS SWS

GL-3m
 

3) SWS
Fc

wn SPT
Fc wn

 
4) SWS

Fc SPT 1 2
 

5) DT-SWS SWS
SWS

SWS

N DT-SWS

qu DT-SWS

1cm Mr

Mr

SWS DT-SWS Nsw



 

 192 

 
6) SWS CPT

SWS CPT qt Wsw

SWS qsw

"qsw "=0.8 qt qsw* Wsw=1kN
qsw Nsw (qt$qsw*) N

Nsw

 
7) 17 SWS Wsw Nsw N

SWS 10m 10m 10m

SWS
SPT

N Wsw Nsw  
8) 13 Wsw Nsw qu

10m qu 100kN/m2

 
9) N qu

qu

 


