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1.2.1 58

 

1.2.1  

 

(mm) (m)
1 CB 500 4.5 0.2 0.6
2 CB 600 8.0 0.3 0.6
3 CB 500 6.5 0.4 1.0 GI-50C
4 CB 600 7.0 0.6 1.0 GI-50C2
5 CB 600 6.0 0.8 0.6
6 CB 600 6.0 0.8 0.8 GI-50C2
7 CB 500 9.5 0.8 1.8
8 CB 600 9.5 0.8 0.8 SSG-315
9 CB 600 5.5 0.8 0.5 SW-1565

10 CB 600 3.0~3.5 1.0 0.5 GI-50C-HT
11 CB 600 6.0 1.0 0.4 SW-1565
12 CB 600 3.5 1.3 0.7 GI-50C3
13 CB 500 9.5 1.5 1.7 SSG-302
14 CB 600 5.0~7.0 1.6 1.2 DHJ08
15 CB 600 5.0 1.0 0.6 GI-50
16 CB 600 7.5 1.2 0.5 GI-50
17 CB 600 6.0 1.0 1.4 GI-50C-HT
18 CB 600 6.5 0.7 0.4 GI-50C
19 CB 600 6.0 1.0 0.6 GI-50C
20 L ( ) 600 7.0 0.5 0.6 GI-50

21 CB L ( ) 600 8.0 CB:1.0~2.0
L :1.0~2.0

1.5 DHJ08 CB

22 L ( ) 600 6.5 1.0 0.5
23 L ( ) 600 3.5 2.0 2.0 GI-50C2
24 L ( ) 600 6.3 2.0 0.7 NB08
25 CB 600 8.0 1.0 7.0 GI-50C-HT
26 CB 800 10.0 0.8 0.8 GI-50-HT
27 L ( ) 600 2.6~5.1 2.5 2.3 GI-50C
28 L ( ) 600 7.5 1.0 0.9
29 L ( ) 800 2.2~8.5 3.0 3.0 GI-50C-HT
30 L ( ) 600 3.0 1.5 0.5
31 L ( ) 500 2.5 1.5 0.6
32 L ( ) 600 5.0~6.0 1.0 1.0 DHJ08
33 L ( ) 500 2.5=4.7 1.0 1.2
34 L ( ) 600 11.5 0.5 1.5 SSG-201
35 L ( ) 600 7.5 1.3 1.5 NB08
36 L ( ) 600 7.0 1.0 1.5 GI-50C-HT
37 L ( ) 600 5.5 1.2 2.0
38 L ( ) 600 5.0~6.0 1.5 0.7 GI-50C-HT
39 L ( ) 600 5.0 1.4 1.6 GI-50C
40 L ( ) 600 6.5 1.5 1.6 DHJ08
41 L ( ) 600 6.5 1.0 2.7 DHJ12
42 L ( ) 600 8.0 2.2 2.7 GI-50-HT
43 CB 600 5.0 0.8 0.5 GI-50C
44 L ( ) 600 11.5 0.4 2.0 SSG-201
45 L ( ) 600 8.0 0.7 2.5
46 L 600 5.0 2.5 0.9 GI-50C-HT
47 +CB 600 5.0~7.75 1.2 1.0 DHJ08

48 CB 500 5.5 CB:0.4~0.8
:0.8

1.1 GI-30-HT

49 600 8.5 4.8 0.8 DHJ08
50 CB 500 5.0 1.2 0.7 MD60
51 600 4.0 0.9 0.7 DHJ08
52 500 2.5 0.5 0.9 DHj08
53 1.0 1.0 25t
54 500 5.0 1.5 1.7 GI-50C-HT
55 CB 600 5.0 1.0 1.9 GI-50CAT 20K
56 600 7.0 1.5 1.5
57 RC 600 6.5 0.5 2.0

58 CB 500 3.5~7.0 :2.0
CB:0.2

0.6~1.0 GI-30-HT
( )

No. (m)
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3.5.2
12)

FEM

3.5.2

 

 

3.5.2  

 

3.5.2  

 

kn (kN/m3) 

 

ks (kN/m3) 

 

c (kN/m2) 

 

deg.) 

50000 10000 100 30 

 

100kN/m2

G.L.-1.0 3.0m

150kN/m2 3.5.3
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3.5.3  

 

13)14)

FEM 3.5.4

0-150kN/m2

2m  

 
3.5.4  

 

3.5.2  

2m

3.5.5 3mm

 

3.5.3 3.5.7

4m

2.0mm

3.4.3
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3.5.6  

 

3.5.3  

 

(mm) 

(m) 

2.0 2.5 3.0 3.5 4.0 

 0.490 1.175 1.004 1.285 1.460 

 4.148 2.935 2.278 1.943 1.683 

 

 
3.5.7 -  

 

2m

3.5.8

3mm  

 

0

1

2

3

4

5

2 2.5 3 3.5 4

(m)
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3.5.8  

 

3.5.9 14 1m

4mm 3mm

4m

1.5mm

FEM

4m

 

 

3.5.4  

 

(mm) 

(m) 

0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 

 10.341 4.557 2.054 0.141 0.786 1.002 1.053 1.024 

 0.308 2.781 3.493 4.132 3.731 3.338 2.934 2.569 

 

 
3.5.9 -   

0

2

4

6

8

10

12

0 1 2 3 4

(m)
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3.6  

 

1) 1

100kN/m2

2

 

2) 0.78 + 0.66

 

3) 2 FEM

4m 1.5mm

 

15)

FEM
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1) 2008 

2) pp.148-151 2010 

3)  

1 31 pp.151-152 1996 

4)  

42 pp.1217-1218 2007.7 

5)  

30 pp.2165-2166 1995.7 

6) 36

pp.91-98 1986 

7) p.21 2006 

8)  pp.106-108 1997 

9) pp.25-30 2001 

10)  pp.17-20 2009 

11) pp.160-163 2000 

12) FEM 

Vol.46 No.1 pp.39-40 1998 

13)  pp.60-62 1993 

14) 

2012 7 pp.180-181 

15)  

pp.89-90 2023 
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4.  
 

4.1  

2016 6

 

 

 

3

3

2

3 1/10

2D 4 1/20
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4.2  

3/1000 6/1000

6/1000

 

4.2.1

2

 

 

  
4.2.1  

 

2

2m
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4.3

4.3.1

4.3.1

5 30mm

1,500mm× 1,000mm× 200mm

dmax=1.652g/cm3 dmin=1.369g/cm3

8)

4.3.2

Dr=30%

d=1.443g/cm3 Dr=50% d=1.497g/cm3

4.3.1

Fv

Dr=30%

Dr=50%

Fh

1,500mm×1,000mmm×200mm

1500mm

110mm
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4.3.2

4.3.3 Dr=30% 200mm Dr=50%

400mm V

4.3.3

10cm

Dr=50% 5cm Dr=50%

Dr=30%

70° 8 40mm×40mm×195mm

140mm×12mm×190mm

70°

0
20
40
60
80

100

0.01 0.1 1 10
(mm)

20cm

40cm

V
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2

Dr=50%

3D

40

 

1/10

 

1 22N

0.2 0.2

2

1.5m 0.5m 2

1

0  

5mm 0.5mm 600mm 2.7 185N/mm2

4.3.1  

 

1  

 
  E L   

D(mm) t(mm) (kN/m2) (m) (m-1)  

 48.6 2.4 205 6.00 2.010 12.06 

 5.0 0.5 68 0.60 19.459 11.68 
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0.91kN/m2

0.28kN/ 2 1/3

 

40mm 1

5(a) 20mm 2

5(b) 2 20 40mm

5(c) 3

20

4.3.4 300mm

2 10%

 

 

 

    (c)  

4.3.4  

 

 

 

140 9555 140
42.5

82.5
25

20°

140 9555
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4.3.2  

(1)  

0.2 2

140mm 10%

15mm

6mm 34mm  

4.3.5 Terzaghi

0.2

0.6 9) 15mm

39.77kN/m2 25.94kN/m2

0.65  

 

 
4.3.5  

 

(2)  

-35.0

-30.0

-25.0

-20.0

-15.0

-10.0

-5.0

0.0
0.0 10.0 20.0 30.0 40.0 50.0

(kN/m2)
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1 (a) (b)

7.75kN/m2 1.56kN/m2

  

(a)   (b) 

4.3.1

5mm 5mm

4.3.6

(a)      (b) 

4.3.6
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4.3.7

4.3.7

4.3.8 4.3.8(b) 4.3.1(b)

(a) 14.27kN/m2  (b) 7.75kN/m2 1.56kN/m2

4.3.8

0

5

10

15

20

0 1 2 3 4 5 6
(mm)

( )
( )

( )
( )
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(3)  

4.3.10

1

 

4.3.10 10kN/m2

30mm

8mm

30kN/m2

 

 

 

(a)  

 

(b)  

4.3.10  

0.0

5.0

10.0

15.0

20.0

25.0

30.0

35.0

0 10 20 30 40

(mm)

0.0

5.0

10.0

15.0

20.0

25.0

30.0

35.0

0 10 20 30 40

(mm)
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4.3.2  

 
 (mm) 

(kN/m2) (kN/m2)   

 7.75 1.56 3.81 1.07 

 15.07 3.11 31.64 7.94 

 19.08 3.99 28.38 8.01 

 31.12 6.68 18.58 8.93 

 

4.3.2 I

4

2

 

1

4.3.3 1

1 1.8

 

 

4.3.3  

 

 

 

1  

 

(kN/m2) (kN/m2)  (kN/m2) (kN/m2) 

 7.32 1.55 5 1.46 0.31 

 11.33 3.43 9 1.26 0.27 

 23.37 5.12 10 2.34 0.51 

 

(4)  

4.3.11

0

4.3.12

 

58



 
4.3.11  

 

 

(a)     

 

    (d)  

4.3.12  

 

7.75kN/m2

10kN/m2

13(a)

-50

-40

-30

-20

-10

0
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0

(kN/m2)

-50

-40

-30

-20

-10

0
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0

(kN/m2)

-50

-40

-30

-20

-10

0
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0

(kN/m2)

-50

-40

-30

-20

-10

0
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0

(kN/m2)
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(5)

7.86kN/m2

1.56kN/m2

4.3.13 4.3.14

4.3.16

15

(a) 

  (d) 

4.3.13 7.75kN/m2 1.56kN/m2
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(a) 

  (d) 

4.3.14 7.75kN/m2 1.56kN/m2

6mm 2.25mm

I

(6)

4.3.15 I
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(a) 

  (d) 

4.3.15

I

4.3.16

I
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(a)  

7.75kN/m2 1.56kN/m2  

 

 

15.07kN/m2 3.11kN/m2  

 

 

19.08kN/m2 3.99kN/m2  

 

(d)  

31.12kN/m2 6.68kN/m2  

4.3.16  

 

 

 

100mm

100mm

100mm

100mm
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4.3.3 FEM

3 FEM 4.3.17

midas FEA NX Dr=30% 3

4.3.17

Dr=30% Dr=50%

4.3.4

4.3.4

E (kN/m2) kN/m3) c(kN/m2) (deg.)

-1 Dr30% 200 14.3 0.6 30 0.3 

-2 Dr30% 400 14.3 0.6 30 0.3 

-3 Dr30% 600 14.3 0.6 30 0.3 

Dr50% 1200 14.9 0.6 36 0.3 

2.05E+08 78 

7.00E+07 24 

4.3.18 XZ YZ
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XZ Y X Z

YZ X Y Z

Z X Y

( )

4.3.18

1 5 4.3.19

7.1.2

1 2 3 4

5

4.3.19
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4.3.5 1 5

Kn

(kN/m2/m)

Kt

(kN/m2/m)

1 25000 50 

2 25000 50 

3 25000 50 

4 25000 50 

5 25000 50 

(Kn)

(Kt)

4.3.20 4.3.21

4.3.20
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4.3.21  
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532N 20kN/m2

106.7N 11 1 0.097N 20

4.3.22

4

4.3.22

4.3.22 4.3.23

FEM

4.3.24 =212.80N =42.68N

=20.28N =1842.11N mm

=44.68mm FEM

FEM

4.3.6 4.3.9 FEM

FEM
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4.3.22  

  

-45

-40

-35

-30

-25

-20

-15

-10

-5

0
1 10 100 1000

(N)

( )
( )

-45

-40

-35

-30

-25

-20

-15

-10

-5

0
1 10 100 1000

(N)

( )
( )

-45

-40

-35

-30

-25

-20

-15

-10

-5

0
1 10 100 1000

(N)

( )
( )

-45

-40

-35

-30

-25

-20

-15

-10

-5

0
1 10 100 1000

(N)

( )
( )
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4.3.23 (a)  

  

0

5
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25

30

35
1 10 100 1000

(N)

( )
( )

0

5
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15

20

25

30

35
1 10 100 1000

(N)

( )
( )

0

5
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1 10 100 1000
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( )
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0
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4.3.23 (b)  

  

0

2

4

6

8

10

12
1 10 100 1000

(N)

( )
( )

0

2

4

6

8

10

12
1 10 100 1000

(N)

( )
( )

0

2

4

6

8

10

12
1 10 100 1000

(N)

( )
( )

0

2

4

6

8
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12
1 10 100 1000

(N)

( )
( )
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4.3.24(a) ) 

  

200

300

400

500

600

700

800

-40.0 -30.0 -20.0 -10.0 0.0
(N)

=42.56N =85.12N
=127.68N =170.24N
=212.80N =255.36N
=297.92N

200

300

400

500

600

700

800

-7.0 -2.0 3.0
(N)

=42.56N =85.12N
=127.68N =170.24N
=212.80N =255.36N
=297.92N

200

300

400

500

600

700

800

-300.0 -200.0 -100.0 0.0 100.0 200.0 300.0
(N mm)

=42.56N =85.12N
=127.68N =170.24N
=212.80N =255.36N
=297.92N

200

300

400

500

600

700

800

-3.0 -2.5 -2.0 -1.5 -1.0 -0.5 0.0
(mm)

=42.56N =85.12N
=127.68N =170.24N
=212.80N =255.36N
=297.92N
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4.3.24(b) ( ( ))  

200

300

400

500

600

700

800

-20.0 -15.0 -10.0 -5.0 0.0
(N)

=42.56N =85.12N
=127.68N =170.24N
=212.80N =255.36N
=297.92N

200

300

400

500

600

700

800

-3.0 -2.0 -1.0 0.0 1.0 2.0 3.0
(N)

=42.56N =85.12N
=127.68N =170.24N
=212.80N =255.36N
=297.92N

200

300

400

500

600

700

800

-150.0 -100.0 -50.0 0.0 50.0 100.0 150.0
(N mm)

=42.56N =85.12N
=127.68N =170.24N
=212.80N =255.36N
=297.92N

200

300

400

500

600

700

800

-3.0 -2.5 -2.0 -1.5 -1.0 -0.5 0.0
(mm)

=42.56N =85.12N
=127.68N =170.24N
=212.80N =255.36N
=297.92N
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4.3.24(c) ( ( ))  

(N)

200

300

400

500

600

700

800

-7.0 -2.0 3.0
(N)

=42.56N =85.12N
=127.68N =170.24N
=212.80N =255.36N
=297.92N

200

300

400

500

600

700

800

-300.0 -200.0 -100.0 0.0 100.0 200.0 300.0
(N mm)

=42.56N =85.12N
=127.68N =170.24N
=212.80N =255.36N
=297.92N

200

300

400

500

600

700

800

-3.0 -2.5 -2.0 -1.5 -1.0 -0.5 0.0
(mm)

=42.56N =85.12N
=127.68N =170.24N
=212.80N =255.36N
=297.92N
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4.3.24(d) ( ( ))  

(N)

200

300

400

500

600

700

800

-7.0 -2.0 3.0
(N)

=42.56N =85.12N
=127.68N =170.24N
=212.80N =255.36N
=297.92N

200

300

400

500

600

700

800

-400.0 -200.0 0.0 200.0 400.0
(N mm)

=42.56N =85.12N
=127.68N =170.24N
=212.80N =255.36N
=297.92N

200

300

400

500

600

700

800

-3.0 -2.5 -2.0 -1.5 -1.0 -0.5 0.0
(mm)

=42.56N =85.12N
=127.68N =170.24N
=212.80N =255.36N
=297.92N
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4.3.24(e) ( ))  

(N)

200

300

400

500

600

700

800

-3.0 -2.0 -1.0 0.0 1.0 2.0 3.0
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=42.56N =85.12N
=127.68N =170.24N
=212.80N =255.36N
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800
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=42.56N =85.12N
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=212.80N =255.36N
=297.92N
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500

600

700

800

-3.0 -2.5 -2.0 -1.5 -1.0 -0.5 0.0
(mm)

=42.56N =85.12N
=127.68N =170.24N
=212.80N =255.36N
=297.92N
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4.3.6  

= 23.2N 21.28N = 137.7N 138.32N 

  
= 46.2N 42.56N = 160.8N 159.6N 

  
= 69.0N 74.48N = 183.4N 180.88N 

  
= 91.7N 95.76N = 206.1N 202.16N 

  
= 114.7N 117.04N  
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4.3.7  

= 46.2N 42.56N = 91.7N 95.76N 

  
= 137.7N 138.32N = 183.4N 180.88N 

  
= 228.8N 228.76N = 272.5N 271.32N 

  
= 315.3N 313.88N = 358.1N 356.44N 

  
= 400.8N 399.00N  
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4.3.8  

= 46.2N 42.56N = 91.7N 95.76N 

  
= 137.7N 138.32N = 183.4N 180.88N 

  
= 228.8N 228.76N = 272.5N 271.32N 

  
= 315.3N 313.88N = 358.1N 356.44N 

  
= 400.8N 399.00N  
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4.3.9  

= 46.2N 42.56N = 91.7N 95.76N 

  
= 137.7N 138.32N = 183.4N 180.88N 

  
= 228.8N 228.76N = 272.5N 271.32N 

  
= 315.3N 313.88N = 358.1N 356.44N 

  
= 400.8N 399.00N  
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4.3.4  

 

1) 

 

2) 

 

3) I

 

4) 1

 

5) 

 

6) 

I

 

7) 

 

8) FEM
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4.4  

4.4.1  

4.4.1 750mm×

500mm× 200mm

Dr=50% dmax=1.652g/cm3 Dr=30% dmin=1.369g/cm3

1/10

20.4kN/m2 75mm 6.9kN/m2

 

20mm×20mm×195mm

8

1/20

2.1mm t0.3mm 2.7g/cm3 30cm 185N/mm2

4.4.1 70mm 1/10 6.9kN/m2

4.6kN/m2 4.4.1

1

-1 -2 1 -

3 -4 -5 5

-1 -2 5 -2
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4.4.1 200mm

4.4.2 20 3Hz 20mm

10mm

40mm 60mm 70mm

4.4.2

4.4.2

4.4.3 2.1mm

1 I

4

8D

-3

275 75 70 330

P-2

-1

-5
-4

83



7mm 6

2.1mm 10

4.4.4

4.4.1

    

(   (     (

    

(   7 90    2.1 45 

4.4.3

7075

50.0

7.0mm

6

50.0

2.1mm

10

84



 

 2.1mm L=200mm 

 

 7mm L=200mm 

4.4.4  

 

4.4.1  

 
 

D  t  L  

    

 2.1 0.3 300 

 2.1 0.3 300 

 2.1 0.3 300 

   200 

   300 

   300 

   300 

   300 

7 90 7 0.5 200 

45 2.1 0.3 200 

    

  

200mm

45 1010 45 45 45

200mm

90 1010 90
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4.4.3  

20mm( max 90Gal
4.4.5 (i

20mm 20mm

(

( (

 

 

  

(      (   

 

  

(      (   

4.4.5 20mm( max  

 

4.4.2 4.4.3 (

30mm( max 1
(
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4.4.2  

 
( 100mm  

 
 

 
 

 
 

 
 

 
 

 
 

 

20mm( max 90Gal  -20.65 -5.23 -1.90 -0.65 -0.65 0.01 

30mm( max 1   -16.77 -5.75 -0.96 -0.74 -0.26 

40mm( max 190Gal   -84.31 -12.24 -1.69 -1.10 -0.62 

50mm( max 230Gal  × × -17.92 -2.6 -1.93 -1.73 

60mm( max 280Gal  × × -84.02 -4.29 -3.28 -19.73 

70mm( max 330Gal  × × × -39.48 -6.74 × 

×  

 

4.4.3  

 
(  

 
 

 
 

 
 

 
 

 
 

 
 

 

20mm( max 90Gal  21.46 6.51 0.45 0.22 0.02 -0.01 

30mm( max 1  67.08 9.79 1.39 0.30 0.19 0.03 

40mm( max 190Gal   14.81 3.32 0.53 1.12 0.19 

50mm( max 230Gal  × × 8.00 0.85 11.72 0.56 

60mm( max 280Gal  × ×  5.84 13.41  

70mm( max 330Gal  × × ×  19.16 × 

×  
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4.4.6 (

(

 

 
4.4.6  

 

20mm( max ( (

4.4.7 (

(

 

 

 
       

4.4.7 20mm( max  
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4.4.4 4.4.5 40mm( max 190Gal
50mm( max 230Gal

60mm( max 280Gal
40mm( max 190Gal

 

 

4.4.4  

 
( 100mm  

 
(  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

20mm( max 90Gal  -0.65 -0.05 0.01 -0.39 -0.46 -1.40 

30mm( max 1  -0.96 -0.16 -0.19 -0.97 -6.49 -12.44 

40mm( max 190Gal  -1.69 -1.31 -1.69 -2.18 -13.17  

50mm( max 230Gal  -2.6 -2.69 -7.28 -5.28 -18.54  

60mm( max 280Gal  -4.29 -37.39 -70.21 -48.66 -24.63 × 

70mm( max 330Gal  -39.48 × × × -83.72 × 

×  

 

4.4.5  

 
(  

 
(  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

20mm( max 90Gal  0.22 0.01 0.01 0.1 0.23 0.51 

30mm( max 1  0.3 0.15 0.05 0.34 4.1  

40mm( max 190Gal  0.53 0.54 0.42 0.74 8.52 12.81 

50mm( max 230Gal  0.85 1.14 2.22 1.79 12.06  

60mm( max 280Gal  5.84    20.06 × 

70mm( max 330Gal   × × ×  × 

×  
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1.  

 20mm( 90Gal  

 -1  

  

  

  

  

-100

-50

0

50

100

150

-25

-20

-15

-10

-5

0

-100

-50

0

50

100

150

-6

-5

-4

-3

-2

-1

0

-100

-50

0

50

100

150

-2.5

-2

-1.5

-1

-0.5

0

-100

-50

0

50

100

150

-0.8
-0.7
-0.6
-0.5
-0.4
-0.3
-0.2
-0.1

0
0.1
0.2

90



-2 -25mm  

  

  

  

  

 

 

-100

-50

0

50

100

150

-25

-20

-15

-10

-5

0

-100

-50

0

50

100

150

-25

-20

-15

-10

-5

0

-100

-50

0

50

100

150

-25

-20

-15

-10

-5

0

-100

-50

0

50

100

150

-25

-20

-15

-10

-5

0

91



-1  

  

  

  

  

 

 

-100

-50

0

50

100

150

0

5

10

15

20

25

-100

-50

0

50

100

150

0

1

2

3

4

5

6

7

-100

-50

0

50

100

150

0
0.05
0.1

0.15
0.2

0.25
0.3

0.35
0.4

0.45
0.5

-100

-50

0

50

100

150

0

0.05

0.1

0.15

0.2

0.25

92



-2 25mm  

  

  

  

  

 

 

-100

-50

0

50

100

150

0

5

10

15

20

25

-100

-50

0

50

100

150

0

5

10

15

20

25

-100

-50

0

50

100

150

0

5

10

15

20

25

-100

-50

0

50

100

150

0

5

10

15

20

25

93



 30mm( 140Gal  

-1  

  

  

  

  

 

-150

-100

-50

0

50

100

150

200

-90

-80

-70

-60

-50

-40

-30

-20

-10

0

-150

-100

-50

0

50

100

150

200

-18

-16

-14

-12

-10

-8

-6

-4

-2

0

-150

-100

-50

0

50

100

150

200

-7

-6

-5

-4

-3

-2

-1

0

-200

-150

-100

-50

0

50

100

150

200

-1.2

-1

-0.8

-0.6

-0.4

-0.2

0

94



-2 -20mm  

  

  

  

  

 

 

-150

-100

-50

0

50

100

150

200

-90

-80

-70

-60

-50

-40

-30

-20

-10

0

-150

-100

-50

0

50

100

150

200

-20
-18
-16
-14
-12
-10

-8
-6
-4
-2
0

-150

-100

-50

0

50

100

150

200

-20
-18
-16
-14
-12
-10
-8
-6
-4
-2
0

-200

-150

-100

-50

0

50

100

150

200

-20
-18
-16
-14
-12
-10

-8
-6
-4
-2
0

95



-1  

  

  

  

  

 

 

-150

-100

-50

0

50

100

150

200

0

10

20

30

40

50

60

70

80

-150

-100

-50

0

50

100

150

200

0

2

4

6

8

10

12

-150

-100

-50

0

50

100

150

200

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

-200

-150

-100

-50

0

50

100

150

200

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

96



-2 10mm  

  

  

  

  

 

 

-150

-100

-50

0

50

100

150

200

0

10

20

30

40

50

60

70

80

-150

-100

-50

0

50

100

150

200

0
1
2
3
4
5
6
7
8
9

10

-150

-100

-50

0

50

100

150

200

0
1
2
3
4
5
6
7
8
9

10

-200

-150

-100

-50

0

50

100

150

200

0
1
2
3
4
5
6
7
8
9

10

97



40mm( 190Gal
-1

-250
-200
-150
-100
-50
0
50
100
150
200
250

-90

-80

-70

-60

-50

-40

-30

-20

-10

0

-250
-200
-150
-100
-50
0
50
100
150
200
250

-14

-12

-10

-8

-6

-4

-2

0

98



 -2 -90mm  

  

 

 

  

  

 

 

-250
-200
-150
-100
-50
0
50
100
150
200
250

-90

-80

-70

-60

-50

-40

-30

-20

-10

0

-250
-200
-150
-100
-50
0
50
100
150
200
250

-90

-80

-70

-60

-50

-40

-30

-20

-10

0

-250
-200
-150
-100
-50
0
50
100
150
200
250

-90

-80

-70

-60

-50

-40

-30

-20

-10

0

99



-1  

  

  

  

  

 

 

-0.05

0

0.05

0.1

0.15

0.2

0.25

0
10
20
30
40
50
60
70
80
90

100

-250
-200
-150
-100
-50
0
50
100
150
200
250

0

2

4

6

8

10

12

14

16

-250
-200
-150
-100
-50
0
50
100
150
200
250

0

0.5

1

1.5

2

2.5

3

3.5

4

-250
-200
-150
-100
-50
0
50
100
150
200
250

0

0.1

0.2

0.3

0.4

0.5

0.6

100



-2 16mm  

  

  

  

  

 

 

-0.05

0

0.05

0.1

0.15

0.2

0.25

0
10
20
30
40
50
60
70
80
90

100

-250
-200
-150
-100
-50
0
50
100
150
200
250

0

2

4

6

8

10

12

14

16

-250
-200
-150
-100
-50
0
50
100
150
200
250

0

2

4

6

8

10

12

14

16

-250
-200
-150
-100
-50
0
50
100
150
200
250

0

2

4

6

8

10

12

14

16

101



 50mm( 230Gal  

 -1  

  

  

 -2 -20mm  

  

  

-300

-200

-100

0

100

200

300

-20
-18
-16
-14
-12
-10
-8
-6
-4
-2
0

-300

-200

-100

0

100

200

300

-3

-2.5

-2

-1.5

-1

-0.5

0

-300

-200

-100

0

100

200

300

-20
-18
-16
-14
-12
-10
-8
-6
-4
-2
0

-300

-200

-100

0

100

200

300

-20
-18
-16
-14
-12
-10

-8
-6
-4
-2
0

102



 -1  

  

  

-2 9mm  

  

  

 

-300

-200

-100

0

100

200

300

0

1

2

3

4

5

6

7

8

9

-300

-200

-100

0

100

200

300

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1

-300

-200

-100

0

100

200

300

0

1

2

3

4

5

6

7

8

9

-300

-200

-100

0

100

200

300

0

1

2

3

4

5

6

7

8

9

103



 60mm( 280Gal  

 -1  

  

  

 -2 -90mm  

  

  

-400

-300

-200

-100

0

100

200

300

400

-90

-80

-70

-60

-50

-40

-30

-20

-10

0

-400

-300

-200

-100

0

100

200

300

400

-5
-4.5

-4
-3.5

-3
-2.5

-2
-1.5

-1
-0.5

0

-400

-300

-200

-100

0

100

200

300

400

-90

-80

-70

-60

-50

-40

-30

-20

-10

0

-400

-300

-200

-100

0

100

200

300

400

-90

-80

-70

-60

-50

-40

-30

-20

-10

0

104



 -1  

  

  

 -2 30mm  

  

  

 

-400

-300

-200

-100

0

100

200

300

400

0

5

10

15

20

25

30

-400

-300

-200

-100

0

100

200

300

400

0

1

2

3

4

5

6

7

-400

-300

-200

-100

0

100

200

300

400

0

5

10

15

20

25

30

-400

-300

-200

-100

0

100

200

300

400

0

5

10

15

20

25

30

105



2.  

 20mm( 90Gal  

  

  

  

(  (  

  

-100

-50

0

50

100

150

-0.8
-0.7
-0.6
-0.5
-0.4
-0.3
-0.2
-0.1

0
0.1
0.2

-150

-100

-50

0

50

100

150

-0.15

-0.1

-0.05

0

0.05

0.1

0.15

-100

-50

0

50

100

150

-0.2

-0.15

-0.1

-0.05

0

0.05

0.1

0.15

-100
-80
-60
-40
-20
0
20
40
60
80
100
120

-0.5

-0.4

-0.3

-0.2

-0.1

0

0.1

0.2

106



  

  

  

(  (  

  

 

 

-100

-50

0

50

100

150

0

0.05

0.1

0.15

0.2

0.25

-150

-100

-50

0

50

100

150

-0.02

-0.015

-0.01

-0.005

0

0.005

0.01

0.015

0.02

0.025

-100

-50

0

50

100

150

-0.008

-0.006

-0.004

-0.002

0

0.002

0.004

0.006

0.008

-100
-80
-60
-40
-20
0
20
40
60
80
100
120

-0.02

0

0.02

0.04

0.06

0.08

0.1

0.12

107



 30mm( 140Gal  

  

  

  

(  (  

  

 

-200

-150

-100

-50

0

50

100

150

200

-1.2

-1

-0.8

-0.6

-0.4

-0.2

0

-200

-150

-100

-50

0

50

100

150

200

-0.3
-0.25

-0.2
-0.15

-0.1
-0.05

0
0.05
0.1

0.15
0.2

-150

-100

-50

0

50

100

150

200

-0.35
-0.3

-0.25
-0.2

-0.15
-0.1

-0.05
0

0.05
0.1

0.15

-150

-100

-50

0

50

100

150

200

-1.2

-1

-0.8

-0.6

-0.4

-0.2

0

108



-1  

  

  

(  (  

  

 

 

-200

-150

-100

-50

0

50

100

150

200

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

-200

-150

-100

-50

0

50

100

150

200

-0.02
0

0.02
0.04
0.06
0.08
0.1

0.12
0.14
0.16
0.18
0.2

-150

-100

-50

0

50

100

150

200

-0.01

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

-150

-100

-50

0

50

100

150

200

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

109



40mm( 190Gal

( (

-250

-200

-150

-100

-50

0

50

100

150

200

-1.4

-1.2

-1

-0.8

-0.6

-0.4

-0.2

0

-250

-200

-150

-100

-50

0

50

100

150

200

-2
-1.8
-1.6
-1.4
-1.2

-1
-0.8
-0.6
-0.4
-0.2

0

-200

-150

-100

-50

0

50

100

150

200

-2.5

-2

-1.5

-1

-0.5

0

110



  

  

  

(  (  

  

 

 

-250
-200
-150
-100
-50
0
50
100
150
200
250

0

0.1

0.2

0.3

0.4

0.5

0.6

-250

-200

-150

-100

-50

0

50

100

150

200

0

0.1

0.2

0.3

0.4

0.5

0.6

-250

-200

-150

-100

-50

0

50

100

150

200

0
0.05

0.1
0.15

0.2
0.25

0.3
0.35

0.4
0.45

0.5

-200

-150

-100

-50

0

50

100

150

200

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

111



 50mm( 230Gal  

  

  

  

(  (  

  

 

-300

-200

-100

0

100

200

300

-3

-2.5

-2

-1.5

-1

-0.5

0

-250
-200
-150
-100
-50
0
50
100
150
200
250

-3.5

-3

-2.5

-2

-1.5

-1

-0.5

0

-250
-200
-150
-100
-50
0
50
100
150
200
250

-8

-7

-6

-5

-4

-3

-2

-1

0

-250
-200
-150
-100
-50
0
50
100
150
200
250

-6

-5

-4

-3

-2

-1

0

112



  

  

  

(  (  

  

 

 

-300

-200

-100

0

100

200

300

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1

-250
-200
-150
-100
-50
0
50
100
150
200
250

0

0.2

0.4

0.6

0.8

1

1.2

1.4

-250
-200
-150
-100
-50
0
50
100
150
200
250

0

0.5

1

1.5

2

2.5

-250
-200
-150
-100
-50
0
50
100
150
200
250

0
0.2
0.4
0.6
0.8

1
1.2
1.4
1.6
1.8

2

113



 60mm( 280Gal  

  

  

  

(  (  

  

 

-400

-300

-200

-100

0

100

200

300

400

-5
-4.5

-4
-3.5

-3
-2.5

-2
-1.5

-1
-0.5

0

-400

-300

-200

-100

0

100

200

300

-45

-40

-35

-30

-25

-20

-15

-10

-5

0

-400

-300

-200

-100

0

100

200

300

-80

-70

-60

-50

-40

-30

-20

-10

0

-300

-200

-100

0

100

200

300

-60

-50

-40

-30

-20

-10

0

114



  

  

  

(  (  

  

 

-400

-300

-200

-100

0

100

200

300

400

0

1

2

3

4

5

6

7

-400

-300

-200

-100

0

100

200

300

0

10

20

30

40

50

60

70

80

-400

-300

-200

-100

0

100

200

300

0
5

10
15
20
25
30
35
40
45
50

-300

-200

-100

0

100

200

300

0

10

20

30

40

50

60

70

80

115



4.4.4  

 

 ( 30mm( max 140Gal
30mm( max

140Gal
 

 ( 60mm( max 280Gal
 

 (

(

 

 

30mm( max 140Gal

 

 

 

 

  

116



4.5  

2 3

4

 

  

 

 

 I

 

 1

 

 

 

 

I

 

 

 

 FEM  

 
  

 30mm( max 140Gal
30mm( max 140Gal

 

 60mm( max 280Gal

117



 

 

 

 

30mm( max 140Gal

 

 

 

  

118



 
 , , , , 

No.637/VI-45, pp.63-77, 1999. 12 

 2016 , 

11 , pp.97-105, 2017.1 

 , (

, pp.2-5, 2004.12 

 , , 

, pp.46-48, 2017.3 

 , , , Vol.26, No.7, pp.56-61, 

1998.7 

 , , , 

, vol.53, No.1, pp.1-6, 2013.3 

 , , , 

, Vol.9, No.3, pp.417-426, 2014.9 

 , , , 14

, pp193-196, 1979.6 

 , pp.132-135, 2019.11 

119



5.  
 

 

 

 

1

 

 

2

10

 

1  

 

2  SWS

SWS

 

3  

 

4  

 

5  

120



 

6  

 

7  

 

 

3

 

1) 

100kN/m2

 

2) 0.78 + 0.66

 

3) 2 FEM

4m 1.5mm

 

 

4 3

3

 

(1)  

1) 

 

2) I

121



 

3) 1

 

4) 

 

5) 

I

 

6) 

 

7) FEM

 

 

(2)  

(1) (a) 30mm( max 140Gal)

30mm( max 140Gal)
 

(2) (d) 60mm( max 280Gal)
 

(3) (a)

(d)

 

122



(4) 

 

(5) 

 

 

L

100kN/m2

 

 

FEM

 

123



 

2017

 

 

 

  

4  FEM

Winter Michael James

1 3

 

2

 

4

2019 2022

  M

  

124



 

125


