
 

 



 

 



 

 



1 
 

 
 

2010

 
1998  

 
 

 
 

 
 

 
 

 
 

 
 

1997 25 40

 
 

 
 

 
 

 



2 
 

 
 

 
 

 
 

1998 20

 
 
 
 
 
 
 
 

 
 

 
 

2003
2013



3 
 

 

2002
3.1 4.7cm 2.7 3.4cm  

 
 
 
 
 
 
 

 
 

 

 
 

 

1999

2002
11

2010
30



4 
 

2012 23 70
2000 34 35

2007 21 91
2003

60  
 

 
2001

2001
2000

 
2012

2012
FEM

 
 

 

 

1963 1970

80



5 
 

 

2006
2002

2005

2002
mm

 

1963 1970 1984

1993
1999

Richards 2003

54%
2005

2013

 
1989 1996

Climate index CI
CI

 
 

 

1998



6 
 

2006

 
2007

2011

 
Dang et al 2008

Dang et al 2007 2010 95%
2.7mm/ 4.3mm/ 5.0mm/

2013 13 10
2014

5.5 11.5
 

 
 



7 
 

 
 

 
 

 
 

3.1

3.43.3

3.2



8 
 

3.0m

 
18

 

 
  



9 
 

 

 

10
500m 800m

20m
1km2

 

15 20cm 2cm

60 21

21

2006
2009

 
 
  



10 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
  

0
1

2
3

4
5

6
7

8
9

20
03

8.
50

2.
10

85
0

0.
17

10
.9

1,
04

4
68

3
11

.4
20

03
20

10
20

02
9.

78
2.

10
1,

04
0

0.
10

10
.9

1,
06

3
68

3
12

.0
19

98
20

08
20

05
22

.5
0

2.
80

1,
35

0
0.

82
10

.3
1,

09
6

71
5

18
.6

19
98

20
08

20
05

17
.5

0
3.

15
52

0
3.

90
12

.2
95

8
50

2
3.

2
20

04
20

10
20

08
15

.5
0

2.
80

75
0

0.
01

9.
3

1,
03

9
95

8
10

.7
20

08
20

12
20

06
9.

00
2.

10
62

0
0.

05
12

.1
1,

09
3

61
0

11
.4

20
06

20
13

20
06

10
.0

0
3.

08
95

0
0.

04
12

.2
1,

06
4

61
0

16
.1

19
98

20
08

20
03

10
.9

8
1.

96
62

6
0.

09
11

.2
1,

57
0

63
3

5.
5

20
03

20
07

20
05

19
.5

0
3.

08
1,

08
0

0.
09

11
.7

1,
49

8
63

3
7.

8
20

05
20

10
20

06
8.

65
2.

52
80

0
0.

02
10

.9
1,

94
1

75
0

14
.8

20
06

20
11

19
85

21
.0

0
3.

00
1,

35
0

0.
87

10
.9

3,
63

9
75

0
26

.4
19

98
20

08
20

03
16

.0
0

2.
00

1,
09

0
0.

07
9.

7
2,

64
4

94
0

2.
7

20
03

20
10

20
04

19
.5

0
3.

00
95

0
0.

89
9.

6
1,

89
3

61
0

4.
5

19
98

20
08

20
05

22
.9

8
3.

00
91

0
0.

58
9.

6
1,

89
3

61
0

3.
6

19
98

20
08

20
03

8.
50

2.
10

66
0

1.
25

11
.5

1,
39

6
31

3
19

.3
20

04
20

10
20

04
12

.5
0

3.
12

81
0

0.
94

9.
5

2,
32

2
94

0
25

.7
20

04
20

10
20

08
15

.0
0

3.
00

60
0

0.
33

16
.2

2,
42

6
66

20
.1

20
08

20
11

20
06

10
.5

0
2.

10
20

0.
65

10
.6

1,
25

3
9

19
.4

20
06

20
11

m
m

m
km

km
2

m
m

m



11 
 

46

 
 
 
 
 
 
 
 

2006 10 3  
 
 
 
 
 
 
 

2012 7 9  
 
 
 
 
 
 
 

2010 7 5  
 
 
 
 
 
 

2012 6 7  
  



12 
 

 
 
 
 
 
 
 

2006 5 1  
 
 
 
 
 
 
 

2007 9 2  
 
 
 
 
 
 
 

2011 7 5  
 
 
  



13 
 

 
 
 
 
 
 
 
 

2007 9 1  
 
 
 
 
 
 
 
 

10 2013 6 5  
 
 
 
 
 
 
 
 

11 2007 11 2  
 
 
 
 
 
 
 

12 2006 11 4  
 
  



14 
 

 
 
 
 
 
 

13 2006 12 3  
 
 
 
 
 
 
 

14 2007 9 4  
 
 
 
 
 
 

15 2009 12 6  
 
 
 
 
 
 

16 2010 11 7  
 
 
 
 
 
 

17 2012 11 9  
  



15 
 

 
 
 
 
 
 
 
 

18 2006 4 3  
 
 
 
 
 
 
 

19 2007 10 4  
 
 
 
 
 
 
 

20 2013 4 9  
 
 
  



16 
 

 
 
 
 
 
 
 

21 2007 8 11 2  
 
 
 
 
 
 
 

22 2010 4 5  
 
 
 
 
 
 
 

23 2012 4 8 7  
 
  



17 
 

 
 
 
 
 
 
 

24 2006 10 0  
 
 
 
 
 
 
 

25 2007 8 1  
 
 
 
 
 
 
 

26 2011 5 5  
 
 
 
 
 
 

27 2012 5 6  
 
 
  



18 
 

 
 
 
 
 
 
 

28 2006 7 9 3  
 
 
 
 
 
 

29 2007 6 4  
 
 
 
 
 
 

30 2008 6 5  
 
 
 
 
 
 

31 2009 6 6  
 
 
 
 
 
 

32 2010 7 7  
  



19 
 

 
 
 
 
 
 
 
 

33 2012 10 9  
 
 
 
 
 
 

34 2007 6 3  
 
 
 
 
 
 

35 2007 5 2  
 
 
 
 
 
 
 

36 2007 11 3  
 
 
  



20 
 

 
 
 
 
 
 
 

37 2008 8 2  
 
 
 
 
 
 

38 2009 5 3  
 
 
 
 
 
 

39 2010 8 4  
 
 
 
 
 
 

40 2011 8 5  
 
 
 
 
 
 

41 2012 5 6  
  



21 
 

 
 
 
 
 
 
 

42 2009 8 0  
 
 
 
 
 
 

43 2009 8 1  
 
 
 
 
 
 

44 2010 5 2  
 
 
 
 
 
 

45 2011 8 3  
 
 
 
 
 
 

46 2012 7 4  



22 
 

24
23 24

24
25 12

26 26

 

47
54  

 

CanopOn URL http://takenaka-akio.cool.ne.jp/etc/canopon2/

 
 
 
 
 
 
 
 

 
 

PROCEQ Pilodyn
max=40mm =2.5mm J



23 
 

40mm

2002 3.1 4.7cm 2.7 3.4cm

 
 
 
 
 
 
 
 

 
 

mm 0.5mm

n=100
40mm 40mm

41mm
40mm

 

 
 

 
 

 

1

2



24 
 

20cm

 

 
 

Haglof =5.0mm

L=10cm

12
g/cm3

 

 
 
 
 
 
 
 
 

 
 
 
 



25 
 

2012

 
 

 

25 248
59 14

21 22
25

22 12 23 14
25

 
21 12

2020 1990 25

22 26
 

 
  



26 
 

 

 
 
 

 

 
  

S59 S60 S61 S62 S63 H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 H11 H12 H13 H14 H15 H16 H17 H18 H19 H20 H21 H22 H23 H24 H25
65

1 3 1 1 1 1 4 12 14 6 22 65
26

2 2 2 1 1 1 3 6 16
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0 1 2 3 4 5 6
H14 9.78 2.10 H18 1,040 0.10 10.9 1,063.3
H15 8.50 2.10 H18-21 850 0.17 10.9 1,063.3
H17 22.50 2.80 H19 1,350 0.82 10.3 1,095.8
H18 9.00 2.10 H19 620 0.05 12.2 1,063.6
H18 10.00 3.08 H19 950 0.04 12.2 1,063.6
H15 10.98 1.96 H18-19 626 0.09 11.3 1,418.6
H17 19.50 3.08 H19 1,080 0.09 11.3 1,418.6
H18 8.65 2.52 H18 800 0.02 10.9 1,871.7
S60 21.00 3.00 H18 1,350 0.87 10.9 3,638.9
H15 15.30 2.00 H18-21 1,090 0.07 9.6 2,524.7
H16 19.50 3.00 H19 950 0.89 9.6 1,893.3
H17 22.98 3.00 H19 910 0.58 9.6 1,893.3



40 
 

 
…( ) 

 
…( ) 

 

40mm
40mm

40mm
40mm

 
21 40mm

40mm
 

 
 

21

 

           

x
2
1 2

e
2

1f(x) 

           

lnx
2
1 2

e
2x

1f(x) 



41 
 

29.30 
 7.44 

n 751

19.66 
 7.63 

n 556

31.20 
 6.80 

n 625

25.48 
 7.71 

n 547

21.54 
 8.60 

n 338

36 0 16 40 24 32 20 28 12 4 8 

36 0 16 40 24 32 20 28 12 4 8 

36 0 16 40 24 32 20 28 12 4 8 

36 0 16 40 24 32 20 28 12 4 8 

36 0 16 40 24 32 20 28 12 4 8 

0

0.1

0.2

0.3

0.4

36 0 16 40 24 32 20 28 12 4 8 

14.16 
 3.13 

n 687

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

0

0.1

0.2

0.3

0.4

0

0.1

0.2

0.3

0.4

0

0.1

0.2

0.3

0.4

0

0.1

0.2

0.3

0.4

0

0.1

0.2

0.3

0.4



42 
 

 
 
 
 
 
 
 
 
 

26mm
26mm

2007 25mm
% ( )  

 
% 26mm 100 …( ) 

 

0

 

90

 
21

% 50%

0

0.1

0.2

0.3

0.4

0 10 20 30 40
0

0.1

0.2

0.3

0.4

0 10 20 30 40



43 
 

26mm

2001 2007 Dang et al. 2007
 

 
 

 

 

Kolmogorov-Smirnov
1%

F 1%
 

56.55 68.35 25.56 48.33 50.88

76.36 79.39 23.15 57.09 -

20.14 43.53 19.71 36.32 -

94.97 84.58 20.77 49.08 -

- - 41.78 59.42 -

66.92 77.75 4.67 29.34 6.96

85.82 84.57 0.71 17.82 -

75.40 96.92 4.77 37.47 -

63.72 86.90 8.74 31.65 -

14.62 63.28 - - -

82.97 47.02 - - -
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( ) ( )

y x  
 

y 2.56x 11.7 …( ) 
R 0.96 P 0.0005 P < 0.01  

245 - 380 31.15 - 31.23 7.60 - 6.24 n.s.
356 212 191 27.00 26.78 22.64 8.23 8.62 5.63 0.060

297 266 454 28.85 25.74 29.59 8.19 5.98 6.90 n.s.
367 215 189 21.64 20.85 15.81 8.03 8.52 4.87 0.070

196 - 650 20.91 - 16.80 6.55 - 5.61 0.002
310 253 500 24.55 25.17 23.78 8.12 5.66 7.99 n.s.
326 183 349 26.90 27.53 19.36 6.98 7.13 5.59 0.007
365 218 188 18.62 20.87 16.56 7.34 7.61 4.40 0.074

310 286 502 19.95 16.14 19.82 7.82 5.08 7.36 0.100
512 198 554 22.34 21.53 18.33 7.00 5.70 4.68 0.120
366 210 188 14.65 17.17 15.34 5.17 6.07 3.68 0.003
902 - 588 17.21 - 13.29 5.47 - 3.64 n.s.

535 350 459 13.79 13.62 14.47 4.48 4.09 3.46 n.s.
402 215 359 15.46 15.44 14.10 5.51 5.38 4.74 n.s.
578 - 572 15.82 - 15.95 5.54 - 4.09 n.s.

280 - 389 14.33 - 14.58 3.22 - 3.50 0.003
323 - 369 15.26 - 16.96 4.12 - 3.06 n.s.
255 156 279 12.68 12.08 11.53 2.82 2.94 2.94 0.004

0.0093.13687 14.16

y = 2.5577x + 11.661
R² = 0.9292

y = 2.1177x + 12.047
R² = 0.8858

0 

5 

10 

15 

20 

25 

30 

35 

0 1 2 3 4 5 6 7

m
m

y = 0.9466x + 2.9048
R² = 0.9681

y = 0.5586x + 3.0309
R² = 0.9151

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

0 1 2 3 4 5 6 7

m
m



46 
 

 
y 2.12x 12.0 …( ) 

R 0.94 P 0.0016 P < 0.01  
 

( ) ( ) y
x  

 
y 0.947x 2.90 …( ) 

R 0.98 P 0.0001 P < 0.01  
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R 0.96 P 0.0007 P < 0.01  
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3.0 4.9mm/year 3.7 4.7mm/year

3.9 4.8mm/year 2.7 2.9mm/year

2.7mm
 

 
 

 

 
 

 

5.54 3.15 5.00 4.06 3.38 4.29 2.07 6.27

5.47 3.22 4.01 6.33 5.55 4.77 6.84 5.75

3.72 4.32 0.00 2.85 2.84 4.13 5.48 0.00

14.73 10.69 9.01 13.24 11.77 13.20 14.39 12.02

4.91 3.56 3.00 4.41 3.92 4.40 4.80 4.01

3.08 3.90 3.48 6.06 1.56 1.58 0.28

2.72 2.32 2.96 4.41 0.00 0.00 0.50

5.97 5.02 6.54 3.60 6.42 7.00 7.29

11.77 11.23 12.98 14.07 7.98 8.58 8.07

3.92 3.74 4.33 4.69 2.66 2.86 2.69
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3 812 20.68 14.20 25.33 23.68 19.74 18.37 11.94 21.74

4 810 26.22 17.36 30.33 27.74 23.12 22.66 14.01 28.01

5 751 31.69 20.57 34.35 34.07 28.67 27.43 20.85 33.76

6 625 35.41 24.90 33.43 36.92 31.51 31.56 26.33 26.15

7 323 27.79 27.60 34.13 35.32 33.56 32.72 30.37 35.31

3 4 5.54 3.15 5.00 4.06 3.38 4.29 2.07 6.27

4 5 5.47 3.22 4.01 6.33 5.55 4.77 6.84 5.75

5 6 3.72 4.32 0.00 2.85 2.84 4.13 5.48 0.00

6 7 0.00 2.70 0.70 0.00 2.05 1.15 4.04 9.16

sum. 14.73 13.40 9.71 13.24 13.82 14.35 18.43 21.17

1 534 13.52 12.44 11.93 12.26 10.65 10.71 12.73

5 203 18.99 22.55 17.99 - - - -

7 101 21.19 22.50 17.62 - - - -

1 5 5.47 10.11 6.07 - - - -

5 7 2.19 0.00 0.00 - - - -

sum. 7.66 10.11 6.07 - - - -

(1 5) 1.37 2.53 1.52 - - - -

(5 7) 1.10 0.00 0.00 - - - -

0 687 14.16 14.16 14.16 14.16 14.16 14.16 14.16 14.16

1 692 14.50 17.96 13.36 19.14 15.86 16.84 13.71 18.00

5 192 27.00 29.17 30.25 - - - - -

0 1 0.34 3.81 0.00 4.99 1.70 2.69 0.00 3.84

1 5 12.50 11.21 16.88 - - - - -

sum. 12.84 15.02 16.88 4.99 1.70 2.69 0.00 3.84

(0 1) 0.34 3.81 0.00 4.99 1.70 2.69 0.00 3.84

(1 5) 3.13 2.80 4.22 - - - - -

Note;
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3 554 15.42 13.75 13.81 15.83 14.22 17.18 15.04

4 553 18.50 17.65 17.29 21.89 15.78 18.75 15.32

5 556 21.23 19.97 20.25 26.31 14.96 16.96 15.82

6 547 27.20 24.99 26.79 29.90 21.38 23.96 23.11

7 528 31.47 28.88 34.55 31.20 24.19 23.45 23.31

3 4 3.08 3.90 3.48 6.06 1.56 1.58 0.28

4 5 2.72 2.32 2.96 4.41 0.00 0.00 0.50

5 6 5.97 5.02 6.54 3.60 6.42 7.00 7.29

6 7 4.27 3.89 7.76 1.30 2.82 0.00 0.20

sum. 16.04 15.13 20.73 15.37 10.80 8.58 8.27

3 1066 27.21 20.61 19.62 19.07 18.36 17.77 21.38 14.20

4 675 30.83 23.56 25.68 20.16 18.73 19.57 21.48 15.30

3 4 3.61 2.95 6.07 1.09 0.38 1.80 0.10 1.09

sum. - - - - - - - -

2 761 15.06 16.66 14.12 15.52 12.85 16.75 12.85 13.43 15.36

5 366 32.95 36.69 32.81 33.44 -- - - - -

2 5 17.89 20.03 18.69 17.92 - - - - -

sum. - - - - - - - - -

5.96 6.68 6.23 5.97 -- - - - -

Note;
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2007 2013

 
 
  

1 367 21.05 21.49 24.61 18.21 25.60 20.64

2 489 22.57 24.27 25.91 18.93 20.85 21.32

3 215 33.18 32.41 37.98 - - -

1 2 1.51 2.78 1.30 0.72 0.00 0.68

2 3 10.61 8.14 12.07 - - -

sum. 12.12 10.93 13.37 - - -

3 438 15.10 16.09 16.60 15.18 26.31 24.31 22.60

4 430 24.39 26.26 26.56 24.67 32.01 30.47 24.44

5 270 21.04 24.34 25.94 22.85 - - -

3 4 9.29 10.17 9.96 9.49 5.70 6.16 1.84

4 5 0.00 0.00 0.00 0.00 - - -

sum. 9.29 10.17 9.96 9.49 - - -

Note;
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2.34 3.43 2.07 - 3.25 3.60 3.76 4.92 2.53
1.29 1.80 1.03 - - - - - -
2.73 2.95 3.50 - 4.99 1.70 2.69 0.00 3.84
4.08 3.76 5.10 3.88 2.55 1.77 2.43 - -
3.61 2.95 6.07 - 1.09 0.38 1.80 0.10 1.09
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CI

CI
x1 CI x2 x3  

 
0.072x1 0.004x2 1.985x3 0.169 …( ) 
R 0.73 P 0.005 P 0.01  

 
 

 
 

10 P
t

CI
CI

CI CI

CI
-0.169 -0.05 0.96

y 1.00
CI x1 -0.072 -0.97 0.34 0.26 1.00

x2 0.004 2.47 0.03 0.63 0.35 1.00
x3 1.985 2.18 0.04 0.59 0.61 0.47 1.00
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20cm cm

 
 

 

 

 

 
 
 
 
 
 
 
 

 
 
  

m m m km2 mm

2008 2013 5 15.5 2.8 750 0.01 9.3 1,080.3
2006 2013 7 9.0 2.1 620 0.05 12.1 1,092.6
2005 2012 7 19.5 3.1 1,080 0.09 11.7 1,497.6
2003 2012 9 8.5 2.1 850 0.17 10.9 1,043.5
2003 2012 9 11.0 2.0 626 0.09 11.2 1,569.6
2003 2012 9 16.0 2.0 1,090 0.07 9.7 2,643.7
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g/cm3 g cm3 …( ) 
cm3 r2  

 
% 100 

…( ) 
 

0.5g/cm3 40%
2002 0.27 0.42g/cm3 1998

0.34 0.43g/cm3

2003 0.48g/cm3

 

0.07g/cm3 0.15g/cm3

0.2 g/cm3

0.18 g/cm3

0.4 0.5g/cm3
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2008 20 30
1982

28

 
 

 

10
10%

 

50% =0.4g/cm3 100
=0.3g/cm3 0.1 200 =0.2g/cm3

0.4g/cm3 20%

 
 
  

1 1.31 0.94 39.52 0.48
2 1.38 0.98 40.47 0.50
3 1.41 1.03 37.02 0.52

ave. 1.36 0.98 39.00 0.50
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B 1.5m 2.0m 1.5m  
 

h’ 0.23m 0.28m 0.18m  
 

 
 

 
’ 11.8 kN/m3 

s 17.7 kN/m3 

s’  14 kN/m3 18 kN/m3 13 kN/m3  

w 6.8 kN/m3  

w 5.6 kN/m3 7.0 kN/m3  
4.8 kN/m3  

d 14.8 kN/m3 15.2 kN/m3 14.8 kN/m3  

s 40  
c 0.333 

 
d R  

 
d w R s’ 1 R …  

 
 

 
f 0.6  

Q 200kN/m3 93  
 

 
 

 
Ft 2009 1.2

Mv MH  
 

Ft Mv / MH 1.2 …  
 

d e
V  
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1 2
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2012

16

2010 Dang et al 2007

0.2m
 

16  
 

 
 

 
6.9 103 kN/m2  

0.5 103 kN/m2  
4.2 103 kN/m2  

D 0.2m 
D 0.09m 0.13m 0.10m  

0.45 0.64 0.49  
A D2 / 4 3.14 10-2 m2 

A D2 / 4 6.36 10-3 m2  
1.29 10-2 m2 7.54 10-3 m2  
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Z D3 / 32 7.85 10-4 m3 
Z D3 / 32 7.16 10-5 m3  

2.06 10-4 m3 9.24 10-5 m3  
wa 2 D 0.4m 
wb 2 D 0.4m 

ya H 1.5 D 1.8m 1.66m 1.7m  
ya H 3.5 D 1.4m 1.26m  

1.30m  
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2006
55 169 172 

2007
56 287 292 

2012
52 54 55 
1963

150 143 156 
1970 10

230 105 142 
1970

232 109 135 
2002

46 11 4 7 
2002

14 238 239 
2012 FEM

64 14 23 
Dang QD , Ishikawa Y , Nakamura H , Shiraki K 2007 Evaluating method of 

durability of small wooden crib dams with considering the deterioration rate
60 7 15 

Dang QD , Ishikawa Y , Shiraki K 2008 Influence of design high water level, warm 
index, and maximum snow depth on deterioration rate of wooden crib dams

61 11 15 
2003

2003 130 131 
2006

21 24 

1993
19 13 22 

1989 15
9 17 
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1996 22 2 9 
2000  

2001 86 111 112 
1998 50 33 39 

2000
52 16 23 

2001 12
95pp 
2003

56 21 31 
2010 62

52 58 
1999 25

12 
1999 51 46 50 

2005
58 221 224 

1998
15  

2012 pp591 
2012 pp218 

2009
pp254 

Martonne E (1942) Novelle carte mondiale de l’indice d’ aridite. Annalesde 
Geographie tome LI:241-248 

1984
329 73 106 

2000 52 52 56 
2003 pp353 

2012
65 39 46 

2013 pp460 
1982

319 85 126 
2004
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2012 pp467 
2002

pp276 
2008

73
627 591 597 

2010
21  

2011
60 277 281 

Theodora C S (1971) A climate index for estimating potential for decay in wood 
structures above ground. FPJ 21 10 25 31 

2002 55 192
195 

2005
31 199 206 

2014
62 95 96 

1997 12 224 
2013 12

73 76 
2013 55 35 36 

 
 
 
 


