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�
� �5 �5 � �� �6

m

0.00 24.39 0.01 6.13E+04

0.00 16.00 10.03 0.03 9.65E+04

20.51 44.25 10.03 0.03 9.65E+04

245.05 0.79 0.34 3.39E+05

246.55 0.79 0.34 3.39E+05

248.55 0.79 0.34 3.39E+05

252.49 270.29 8.59 0.03 1.03E+05

282.55 8.59 0.03 1.03E+05

0.00 36.21 0.80 5.41E+06

0.00 24.50 15.09 1.91 8.38E+06

73.57 112.84 15.09 1.91 8.38E+06

118.19 148.19 15.09 1.91 8.38E+06

148.19 70.96 0.41 3.87E+06

0.00 36.17 0.81 5.48E+06

0.00 24.50 15.09 1.94 8.49E+06

58.12 88.12 15.12 1.93 8.48E+06

88.12 71.45 0.41 3.90E+06
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�

� �5 �5 � �7 �8

0.00 7.69 0.07 2.16E+05

3.00 6.00 7.69 0.07 2.16E+05

26.00 12.46 0.04 1.71E+05

32.00 12.50 0.04 1.72E+05

267.37 271.67 12.37 0.04 1.71E+05

271.67 277.97 15.26 0.04 1.54E+05

279.43 290.13 15.26 0.04 1.54E+05

508.24 599.00 15.25 0.04 1.54E+05

646.36 0.20 2.69 1.35E+06

648.86 0.20 2.69 1.35E+06

651.36 0.20 2.69 1.35E+06

679.00 15.26 0.04 1.54E+05

0.00 14.59 3.95 1.70E+07

15.50 14.60 3.95 1.70E+07

24.00 14.58 3.95 1.70E+07

28.50 39.00 11.44 5.04 1.92E+07

55.10 64.67 24.86 2.32 1.31E+07

59.88 85.79 13.77 4.17 1.75E+07

81.07 90.51 17.26 3.34 1.56E+07

236.93 256.38 24.65 2.34 1.31E+07

354.72 25.09 2.30 1.30E+07

398.72 25.09 2.30 1.30E+07
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�

� �5 �5 � �6 �8

0.00 13.83 4.23 1.77E+07

12.80 13.83 4.16 1.75E+07

26.24 13.71 4.16 1.74E+07

27.94 47.30 13.71 4.26 1.78E+07

82.21 103.86 0.55 6.34E+06

95.01 75.92 0.77 7.53E+06

128.41 25.64 2.21 1.26E+07

261.58 25.80 2.27 1.30E+07

350.65 25.80 2.27 1.30E+07

554.9 78.14 0.74 7.37E+06

584.75 75.96 0.77 7.56E+06
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� �5 �5 � �6 �8
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� �5 �5 � �6 �8
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�

m

0.00 9: 0.500 1.000 4.66 9.58E+06 1.11

0.00 16.00 9;< 0.003 0.049 3.57 1.22E+07 0.03

20.51 44.25 9=�9=� 0.143 3.42 1.22E+07 0.09

245.05 9�< 0.489 0.825 11.83 1.18E+07 3.49

248.55 9�: 0.825 0.489 11.83 1.18E+07 5.89

252.49 270.29 9=�9=� 0.160 2.12 6.99E+06 0.04

282.55 9> 1.000 0.500 2.10 6.95E+06 0.23

0.00 282.55 ? 0.015 3.22

m

0.00 9: 0.500 1.000 2.99 2.03E+07 0.46

0.00 24.50 9;< 0.002 0.048 7.18 3.15E+07 0.13

73.57 112.84 9=�9=� 0.195 7.73 3.25E+07 0.59

118.19 148.19 9;: 0.112 0.006 12.05 4.45E+07 0.83

148.19 9> 1.000 0.500 2.17 1.51E+07 0.24

0.00 148.19 ? 0.015 1.33

m

0.00 9: 0.500 1.000 2.87 1.83E+07 0.37

0.00 24.50 9;< 0.002 0.048 6.43 2.83E+07 0.10

58.12 88.12 9;: 0.112 0.006 6.41 2.82E+07 0.23

88.12 9> 1.000 0.500 1.35 1.29E+07 0.09

0.00 88.12 ? 0.015 0.50
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m

0.00 9> 0.500 0.100 6.17 1.93E+07 0.97

3.00 6.00 9;< 0.030 0.002 6.16 1.93E+07 0.06

26.00 9=: 0.051 3.78 1.51E+07 0.04

32.00 9=: 0.070 3.76 1.50E+07 0.05

267.37 271.67 9;< 0.049 0.006 3.84 1.50E+07 0.04

271.67 277.97 9;: 0.043 0.336 3.03 1.33E+07 0.09

279.43 290.13 9=�9=� 0.102 3.03 1.33E+07 0.05

508.24 599.00 9=�9=� 0.100 3.19 1.28E+07 0.05

646.36 9�: 0.499 0.974 18.01 9.04E+06 16.12

651.36 9�< 0.974 0.499 18.01 9.04E+06 8.26

679.00 @: 1.000 0.500 0.18 7.96E+05 0.001

0.00 679.00 ? 0.018 9.32

m

0.00 9> 0.500 1.000 9.63 4.16E+07 4.73

15.50 9=: 0.006 9.59 4.14E+07 0.03

24.00 9=: 0.012 9.67 4.17E+07 0.06

28.50 39.00 9;< 0.062 0.004 11.94 4.56E+07 0.22

55.10 64.67 9=�9=� 0.102 5.48 3.09E+07 0.16

59.88 85.79 9;< 0.022 0.000 5.65 3.14E+07 0.04

81.07 90.51 9=�9=� 0.108 5.65 3.14E+07 0.18

236.93 256.38 9=�9=� 0.091 5.51 3.10E+07 0.14

354.72 9=: 0.006 5.41 3.07E+07 0.01

398.72 9: 1.000 0.500 5.41 3.07E+07 0.75

0.00 398.72 ? 0.018 4.39

�
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m

0.00 9> 0.500 1.000 9.10 3.82E+07 4.22

12.80 9=: 0.183 8.80 3.70E+07 0.72

26.24 9=: 0.183 10.88 3.92E+07 1.10

27.94 47.30 9=�9=� 0.082 13.21 4.28E+07 0.73

82.21 9�< 9=: 1.823 1.473 1.92 1.32E+07 0.34

95.01 9�: 0.309 0.291 1.61 1.59E+07 0.04

128.41 9�: 9=: 1.307 1.366 4.51 2.58E+07 1.42

261.58 9=: 0.001 4.74 2.73E+07 0.001

350.65 9=: 0.001 4.72 2.72E+07 0.001

554.9 9�< 9=: 1.366 1.307 1.51 1.51E+07 0.15

584.75 9: 1.000 0.500 1.58 1.56E+07 0.06

0.00 584.75 ? 0.018 4.36

�
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� �5 A>>BC

� �5 � �7 �8 A>>BC

� A>>BC

� �5 � �� �8 A>>BC

A>>BC

f n

$ �
D���7E.

�F G!

(1995) �=0.015[H���� I] 

$=0.035

1999 � �

��JKHLD  ! IM N �5 10-3[m]

N 	! � �� Moody

�5 � O�P Q �6

Moody

$ ��0.038


 � �R�� H I! �5 � O�P Q �6�

�5 � O�P Q �6

� � ��J

�5 � ��SJ Q �6

N
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� �5 A>>BC
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STEP

4

P1 267.9kN/m2 265.5kN/m2

P2 103.5kN/m2 103.5kN/m2

P3 21.4kN/m2 77.3kN/m2

L1 0.66m 0.95m

L2 0.66m 0.95m

L3 2.19m 3.26m

MAX(L1,L2,L3) 2.19m 3.26m

L 3.50m 5.00m

> OK OK OK
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L2 = n
 ! "#"$ + %&

n (4) P kN/'2

A '2

C kN/'2

A$ '2/'
f *= tan +
N kN/'

L1 = ,  ! "- ! .0
4 P (kN/'2) A ('2)

.0 m

kN/'2

L3 = , /0
2
123 3$

, 1.5 a m P kN/'2

4$ kN/'2

F5 = 1

2
#560"72

F5 (kN) C5 2.01

0
1.03t/'3

A '2 U m/s

P =
2%829:53 .

P kN

f 0.3/51/3
L m Q '3/s D m
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 3.3 8.6 2

=3.5
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 4.6 16.6 2

=5.0
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