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b. (intake sill)
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(4).  

A.  
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(2)  

A.  

    

  

= (cms) = = =
L= (m)  

 

= = N= = =
= ( )(m)  

B.  

a.     

b.      

c.  

 

 

1-3  

 m  

3/5 
( ~3/4) 

0.31+0.23  2.6 
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( ~3/2) 

0.29+0.32  2.6 

2/3 
( ~3/1) 

0.28+0.37  2.6 

(3).  

1-5 γ Wo W
W1 W2 W3 n tanβ m tanα  
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Lane Bligh
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Bligh  
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Bligh h (m)
(cms/m) (m)
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(3).  
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(m) hf (m) Δh hf

hf S’
S  

4.  
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(2). 1:4
 

B 1

W 2

1:m

D
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m D f
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n D f

W 1

W 3
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1.2.2  

1.2.2.1  

 

1-6 (2/3 h1 h2 )
(1)  

 
1-6  

 

( )
1-6 α1 α2 α3 α4  

 

 

 

 

 

 

 

 

B (Bligh)  

n 0.1~0.01
n 0.01 B 2.0m L 2.0

4.5×0.5 4.5×0.01 4.30m 1-7  
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201.
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( ) (3)  

1.2.3  

71

81 11
83 4  

 
1-8  

 
     ( ) (m)      (m) 
     (m)                (m) 
     (m)                (m) 
                                   L  (m) 
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1.3.1.1  

1.
1.1 ~4. ~(7). (8). (9).  
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2.  

(1).
 

(2). 1.1 ~4. ~ (8).  
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(2)  

A.  

a.  
b. (

)  
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d.

 

B.  

 

C.  

 

D.  

 

(3)  

A.
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C. 1m
 

(4)  

(5) (pier) (collapsible gate)

T (
)  

1.3.1.2  

1. (roughness)

 

2.

3~5  

3.  ( )  (
)

 

  /        /  

4. 1/2  

5.

 

6. 1.50~3.00
 

 =0.12( +0.2 )±0.25m 

= (m) = (m) = (m)
10% ( )

1 0.4  

1.3.2  

 

1.  
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= (m/sec) C= 3.2~3.9
3.2 3.9 4.5~5.5 =

(m) C 3.2 0.07m
1.27m/sec  

2. q  

q  

 

q
 

 

7m  

=1.463cms 

1.3.3  

  

1-9  
( mm) 

1000     4000  4000     1000 
1000

300 
 
 
 
 
 
8200 
 
 
 
 
 
 
 
 
 
 
2500 

300 
 
 
 
 
 
6200 
 
 
 
 
 
 
 
 
4500 

4000 

610 300   3040 

1010  440   2550 

 4000

EL:12.00 
 
 
 
 
 
 
 
 
 
 
 
 

EL:2.50 
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1.4  

 

 

 

1.4.1  

1.4.1.1  

1. (
)

 

2.
 

3.
 

4.

(- 3~5 )
 

5. (1) (2)
 

6. (1) (2) (3)
(4) (5) (6) (7)  

1.4.1.2  

1. 0.6~1.0 m/sec a.
0.4 m/sec 0.30mm

b. 0.75 m/sec  

2.  

B=Q/  
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B (m) Q= (cms) = (
- ) (m) V= (m/sec)  

3.  

(1). (submerged flow)  

 

Q= (cms) m= 1-10
m 0.8~0.85 ( 1-9)m n=

k=
0.02~0.04 B= (m) 1-10  

 
1-10 ( ) ( ) 

  

(2).  

 

Q= (cms) m= 0.62~0.66( 0.65
) = (m) B= h1  

1.4.2  

 

 

Q= (cms) m= 0.62~0.66( 0.65
) = (m) B= h1 h2 1-10  

  = 5.29cms 

H 

 h 

 h1  h1  h2 
h0 

 h2 
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1.4.3  

 
1-11  

( mm) 

1.5  
1. 1978  

2. 1990 -  

3. 1977  

4. 1994  

5. 1996
 

6. ASAE, 1986, Irrigation Engineering, American Society of Agricultural 
Engineers. 

7. Dahigaonkar J. G., 2006, Textbook of Irrigation Engineering, Asian Books 
Private Limited. 

8. J. G. Dahigaonkar, 2006, Textbook Of Irrigation Engineering, Asian Books 
Private Limited. 

9. Peter Waller and Muluneh Yitayew, 2015, Irrigation and Drainage Engineering, 
Springer International Publishing. 

  

1000      5000       1000      5000      1000     3500  1000 

2540 
 
 
460 
1000 
4

4000 
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2.1  

(open 
channel)  

2.1.1  

1.
2. 3.

1 2
 

…  

2.1.2  

 

 
2.2  

 

 

(Froude Number)F  

………………………………………………….…………….…(2-1) 

V= (m/sec) g= (m/ ) L= (m)  
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(Hydraulic Depth)D

 

(critical flow)
(subcritical flow)

(tranquil and streaming) F
(Supercritical flow)
(rapid, shooting or torrential flow)  

 

(Criterion for a Critical state of flow)
 

1.  

2.  

3. (Hydraulic depth)D=A/T
 

4. (Froude Number) 1  

5.  

6.
 

 

………………………………………………..…...(2-2) 

Q y
 

……………………………………………….........…..(2-3) 

 

(2-3) 1  

1. 2.
3. 1  

(Computation of Critical flow) 
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(2-2) y
y  

 

…………………………………………..………….………..(2-4) 

 
2-1  

 

…………………………………….…………….…….(2-5) 

 
2-2  

 

………..……………………..……………….….(2-6) 

 

……………………………….………….……….(2-7) 

2cm 1 1 Q=5c.m.s n=0.015
 

b
b 0.3766  

b 

y 

W.S. 

B = b+2zy 

yc 
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(Energy line)
(Water surface line) (Channel bottom line)  

 

1. 5  

2. 4  

 

1. (roughness) ”n”

Ganguillet-Kutter
n 2-1  

2. (Permissible velocity)
0.6m/sec~0.9m/sec 0.75m/sec

 

 m/sec  m/sec 
 0.45 m/sec  2.50 m/sec 
 0.60 m/sec  4.00 m/sec 

 0.75 m/sec  4.00 m/sec 

 0.90 m/sec 
 

( 30cm ) 1.50 m/sec 

 1.20 m/sec - - 

 1.50 m/sec 
 

( 30cm ) 2.00 m/sec 

 2.00 m/sec  3.00 m/sec 
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2-1 Ganguillet-Kutter n  
     
 0.012 0.013 0.014 0.015 

 0.011 0.012 0.013 - 
 0.012 0.013 0.014 0.015 
 0.013 0.014 0.015 0.017 
 0.013 0.015 0.017 - 

 0.012 0.013 0.015 0.017 
 0.012 0.013 0.015 0.016 
 0.011 0.012 0.013 0.015 
 0.012 0.014 0.016 0.018 

 0.017 0.020 0.025 0.030 
 0.025 0.030 0.033 0.035 
 0.013 0.014 0.015 0.017 

 0.011 0.012 0.013 0.015 
 0.0225 0.025 0.275 0.030 

 

(1)  0.017 0.020 0.0225 0.025 
(2)  0.025 0.030 0.033 0.035 
(3)  0.035 0.040 0.045 - 

(4)  0.0225 0.025 0.275 0.030 
(5)  0.025 0.0275 0.030 0.033 

 0.025 0.030 0.035 0.040 
 0.028 0.030 0.033 0.035 

3. (Longitudinal slope of Channel) 

 

 
      
 1/150 1/250 1/800 1/1,000 1/10,000 

 

(Chezy)  

1. (Chezy) (Chezy) 1769
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..............................................................................................(2-8) 

(m/sec)
( ) C

n R S 1869
Ganguillet Kutter

 

……………………………………………...….……(2-9) 

 

 ...………………..…………………..….....(2-10) 

2.  

………………………………………………..……..…....(2-11) 

(m/sec) (m)
R S m K

C m k (manning)
 

…………………………..………...……………………...(2-12) 

3.  

A. S Ganguillet-Kutter
 

B. n Ganguillet-Kutter n  

C. Ganguillet-Kutter
n  

D. C n 0.02
4m  

 

( )  

 

1.  
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2.  

( )  

 

1.
 

2.  

3.  

4.  

5.  

6.  

( )  

2-3 H  

 
2-3  

……………………………………………..…(2-13) 

 

 

 

 

 
 

dH 

90  

y 

Z 

 
90  

 

 

y 
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X (2-13)  

…………………………………….…..(2-14) 

Q  

……………………………………………………….…(2-15) 

( )  

1. (The direct step method) 

(prismatic 
channel) 2-4

(Bernoulli Theory)
(Specific Energy)  

 
2-4  

2. (The standard step method) 

(nonprismatic channel)

2-4 (2-16)
hf α

(2-17)
 

 

 

 

 

 

 

he 

 

 

hf=  
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…………………..….….………..(2-16) 

………………………………..………………...…(2-17) 

( )  

M S C A H 5
(Zone)

 

2.3  
2.3.1  

(Coulomb)  

 
2-5  

…….…………………..……...….….………....…(2-18) 

…………………..………….……...…..…..(2-19) 

r H

 

2.3.2  

 

 

  

H 
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1.  

2.  

3. (Up-lift)
 

2-6 U 1m U  

……………………………………...…………..(2-20) 

 
2-6  

W h (m) b  

U F W 1m
A  

PA …………………………………….….……....(2-21) 

B  

PB ………………………..…………………..…..(2-22) 

r’
 

………………………………….……...…..(2-23) 

 

…………………………...…………...……...….…...(2-24) 

f F  

……………………………..……...…..(2-25) 

1 t/m2 

A 
h’ 

h 

b 

U 

F 
PA  A Ph’ 

h 

PB  

h
F 

B 
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W W+F
 

 
2-7  

2-7  

  

 

 

  

A  

  

 

B  

A  

  

 

  

  

 

 

 

A 

B 
500cm 

20cm 430cm 

300cm 

25cm 

100cm 
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2.4  
2.4.1  

1.

 

2.

 

2.4.2  

1. A P
R

( 2-8) ( 2-9)
b d θ B

 

  

  

  

2-8  2-9  

2. A. B.
C. (U )

 

3.
( 2-2) 

 

A. 4.57-6.1m/s  

B. 12m/s
 

W.S. 

b 

d 

d 

b 
 

W.S. 

B 
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2-2  
 (m/s)  (m/s) 

 0.23~0.30  1.23~1.52 
 0.30~0.46  1.50~2.50 
 0.46~0.61  1.52~1.83 

 0.61~0.76  1.83~2.44 

 0.76~0.84  3.05~4.57 
 0.91~1.14  4.57~6.10 

106  

4.
( 2-3) (Kennedy)

 

   

  ( ) 

Vs (m/s)  

 C C  

 d (m) 

2-3 C ( ) 
 C  

 0.535 
 0.548 

 0.587 
 0.645 

 0.698 

93  

5. Fb

d
(m)  

Fb=0.05d+(0.05~0.15) 

6. ( 2-10)
K( m/s)

( 0.4mm)
10-3m/s ( 0.00001mm) 10-11m/s  
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2-10  

7.

 

8.
 

9.

 

10.
 

11.

(1) (2)
(3)  

2.5  
2.5.1  

 

1.  

2.  

3.
 

 

1.  

2.  

W.S. 

dy 

Sy 
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3.

4.

2.5.2 U  

8 108
8

10cm

1:1
U ( 2-11)

8m 2.8m

1.5m 2-12  

2-11 U  

Q 14.0cms 5.4m =1:1
=8.0m 1/2500

n=0.014 =1.414m
=1.26m =1.389m/sec =0.679m

( )  

2-12 ( ) ( )  
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2.5.3  

( 2-13)
4.0cms

S=1/1289 =0.88m =4.0m =0.54m
1.88m 3.5m

88  

 
2-13  

2.6  
1. 1978  

2. 1990 -  

3. 1976  

4. 1999 U  

5. 1996
 

6. 2000  

7. 2014  

8. Hubert Chanson, 2004, Hydraulics of Open Channel Flow, 2nd edition, 
Elsevier. 
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3.1  

(culvert)  

 

3.2  
3.2.1  

3 8 D=
(m) H= (m)  

1. H/D 1.2  

A.  

B.
 

C.  

2.  

A. H/D 1.2  

B. H/D 1.2  

3.  

A. H/D 1.2  

B. H/D=1.2~1.5
 

C. H/D  

3.2.2  

 

(Submerged orifice) 3-1 A=
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…………………………………………..…..…....(3-1) 

Q= (cms) C= 0.81~0.91 g (m/sec2)  

 
3-1  

( 3-1a 3-1b )
 

…………………………..…..…..............(3-1a) 

…………………………..…..….............(3-1b) 

 

 ( )………………….…………….…….…….…..(3-2) 

 ( )…………………..…………….……………..(3-3) 

(3-2) (3-3)
f  

………………………………….………..….…..(3-4) 

……………………………….…….……..……..(3-5) 

n= R= (m)  

(3-1)

 

……………………………….…..…..(3-6) 

( ) ….………......(3-7) 

=
3-1

3-2  

H’ 

W.S 

L 

W.S 

D H 

Q 
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3-1 C  
   

 0.5 0.81 
 0.23 0.90 
 0.04 0.98 

3-2 ( ) 

         

1.1 0.90 1.14 2.1 2.98 3.78 3.1 4.12 5.23 
1.2 1.27 1.61 2.2 3.11 3.95 3.2 4.21 5.35 
1.3 1.56 1.98 2.3 3.24 4.11 3.3 4.31 5.47 
1.4 1.80 2.29 2.4 3.36 4.27 3.4 4.40 5.59 
1.5 2.01 2.54 2.5 3.48 4.4 3.5 4.49 5.70 
1.6 2.20 2.79 2.6 3.59 4.56 3.6 4.58 5.81 
1.7 2.38 3.02 2.7 3.70 4.70 3.7 4.67 5.92 
1.8 2.54 3.23 2.8 3.81 4.84 3.8 4.75 6.03 
1.9 2.70 3.43 2.9 3.91 4.97 3.9 7.83 6.13 
2.0 2.84 3.60 3.0 4.02 5.10 4.0 4.91 6.20 

D=0.9m L=18.2m n=0.014
Q=1.4cms H  

Q=1.4cms D=0.9m A=  

V=Q/A=1.4/0.636=2.201(m/sec) hv= =0.247m 

3-2  =1.42m 

 

3.3  
3.3.1  

1.  

2.
 

3.3.2  
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1.  

 

 

2.  

 

3-2 ( D R)

 

 
3-2  

 

 

1.  

( 3-3 3-4)  

(1) P
kg/m  

 

R 

D 
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(2) ( kg)  

(3) kg  

(4) W( )
 

(5) T( )
4 5  

(6) hp

3  

 
3-3  

 

3-4  

W/m 

D+2t 

D
+2

t 

1/3W( ) 

1/3 (
) 

 
 

 

 

t 

t 

P 

P 

1  

P1 

P2 

P3 

P4 

P2 

2  3  

W W 

4  

H 

5  hp 6  
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2.  

AASHTO( )  

3-5

 

 

 
   W 

H-10 4,000 16,000 20,000 
H-15 6,000 24,000 30,000 
H-20 8,000 32,000 10,000 

 
   W 

H-10 1.82 7.27 9.09 
H-15 2.73 10.91 13.64 
H-20 3.64 14.54 18.18 

 

3-5  

3-5 H–10 50% ( )
H–10 3-6

H–10 H–15
 

 
3-6  

 

0.1W 0.4W 

0.4W 0.1W 

0.8W 0.2W W 

1.83m 
6  

4.27m 
14  
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3.4  
3.4.1  

1.  

2.
 

3.
 

4.  

3.4.2  

 

108  

( ) 

10
( )  

L=2m =2×2=4m2 3.9m2

t 10

3-5

 

3-3 3-4 3-4
4 5 6 7

-0.042 -0.042 -0.022 +0.083  

4 -770  5 -770 

6 -403  7 +1,520 

M N V 3-4
12.8cm( 7) 5cm 17.8cm

t=20cm d=15cm  

7 A 12.97
6 3-7  
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3-3  
          M N 
                 V 

 

4  5  6  7 

M N M N M N M 

I. 
 -0.042  -0.042  -0.022  +0.083 

            P  +0.5  +0.50  -0.50  

II. 
 -200  -351  -212  +551 

              +2,400  +3,600  -3,600  
III.  -41.6  +10.1  +22.9  +22.9 
IV.  +0.083  -0.022  -0.042  -0.042 
V.  +0.042  -0.010  -0.023  -0.023 

P (L+2t) H W
H W=1/3W’H(W’ ) T T=1/3W’  

3-4 2m 2m  
              M,N,V  

 
4  5  6  7 

M N M N M V M 

I. 
  M -770  -770  -403  +1,520 

              N V  +4,165  +4,165  -4,165  

II. 
  M -194  -340  -205  +533 

              N V  +1,060  +1,590  -1,590  
III. M -336  ※0  ※0  +202 
IV.     M +321  -85  -163  -163 
V.   M +238  -57  -131  -131 

         ∑ M 
   ∑ M ∑ V 

-771 
 

 
+5,225 

-1,252 
 

 
+5,755 

-902 
 

 
-5,755 

+1,961 
 

100M          (kg cm) 
Nd”(d”=5cm)    (kg cm) 
Ms=100M+Nd”  (kg cm) 

 

 

-77,100 
26,100 
103,20 
 

9.3 
 
6.83 
 
-4.35 

 

-152,200 
28,800 
154,000 
 

11.3 
 
10.19 
 
-4.8 

 
 
 
 
 
 

-90,200 
 
 
 

8.7 
 
5.97 
 

 
 
 
 
 
 

+196,100 
 
 
 

12.8 
 
12.97 
 

As              2.48  5.39  5.97  12.97 
5 6  

 

3-7  
S = 1/50 

A 16mm@15cm B 13mm@0.13cm 

 C 13mm@0.3cm 
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6 B 5.79  

 

 

3-8

(+)M (Moment) (+)N
(Thrust) (+)V

(Shear) P (kg) L (m) T
(m) W ( ) T ( ) R

(m) hp (m)  

7 A 12.97cm2 16mm@15cm As=13.2cm2 12.97cm2

6  

   

   

3-7 A B
3-9 3-10  

3-9 3-10

1 2 
3 
4 

5 

6 7 

V 

CL T 

N 
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3.4.3  

263 m 1.5 m 2 m
14.0 cms

3-11 98 4

3-11

3.5  
1. 1978

2. 1990 -

3. 1996

4. 1976

5. 2014

6. 2009

7. Peter Waller and Muluneh Yitayew, 2015, Irrigation and Drainage Engineering,
Springer International Publishing.

8. J. G. Dahigaonkar, 2006, Textbook of Irrigation Engineering, Asian Books
Private Limited.
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4.1  
(drop)

 

1.  

2.
 

3.  

4.
 

 

4.2  

(free drops)  

 

 

4.3  
4.3.1  

4  
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1. (collision)

 

2. (friction of surface)

 

3. (airation)

 

4.

 

4.3.2  

4.3.2.1  

(hydraulic jump) 

4-1  

 
4-1  

(momentum equation)  

……………..………………..…....(4-1) 

= 1 = = 2
= W sin

M1 M2 1 2
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0 0
(Froude number)  

………………………………..…………...…(4-2) 

(Conjugate depth)  

 

 

 
4-2  

 

( ) (stilling basin) 

 

1.
4~5

4.5 6  

2. 4.5
(chute blocks) (end sill)

33%  

3.
18m/sec 4.5 (baffle 

blocks) 60%  

4. 2.5~4.5
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4-3 ( ) 

 
4-4  

 
4-5  

 
4-6  
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4-7  

 
4-8  

 
4-9  

 
4-10  

 
4-11  
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4-12  

5.  

6.  

 …………………………..…(4-3) 

 ……………………….………….…….……..…(4-4) 

7. : 4-13  : S=  
0 K x y  

K = 0.5 K = 0.4 K = 0.3 K = 0.2 

    

    

  K : 

 

 

 
4-13  

8. 4-14  

 
4-14  
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A.  

  

B.

 

C. ( ) ( ) 

 

 

 

 

( )  

( )  

( )  

( )  

( )  

4.3.2.2  

4-15
 

 
4-15  

4.4  
4.4.1  

 
   
 1+500m 1+523.39m 

EL 220m 217m 
S 1:1000 1:2000 

(cms) (m) 
0 ~ 0.3 0.40 

0.3 ~ 0.6 0.45 
0.6 ~ 1.0 0.50 
1.0 ~ 1.5 0.55 
1.0 ~ 2.0 0.60 

(m) (m) 
0 ~ 1.5 0.35 ~ 0.40 

1.5 ~ 2.0 0.40 ~ 0.45 
2.0 ~ 3.0 0.45 ~ 0.50 
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Q 6cms 6cms 

n 0.014 0.012 

b=2m
z=1:1.5  

 

 ……………………………………….……..……(4-5) 

(4-5)  

 

2   

  

   

  

 

 

(4-5)  

 

2  
 

   

 

 

( )  
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( )  

 

  

 

(4-5)  

 

 

(4-3)    

  

( )  

  

3m  

( )  

 

 

4-10
4-3

( )  

( )  

1.  

( ) 0.25m  

2.  
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A.

( ) 0.35m  

B. ( )  

C (
)  

D. ( ) 0.1m  

E. 1:1  

3.  

A.

( ) 0.3m  

B. 1:2  

 

4-16 4-6  

 

4-6 19.15

H=2.6m =
+  

 
4-16  

 

1:2 S=1/2=0.5 K=0.5   
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 ×0.5× =0.142m  

 

 
4-17 ( ) 

( ) 30°  

  
4m 4-17  

  

 

( ) 22.5°

  5m  

4-17  

  

 

 

 
4-18  
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4.4.2  

66 10 15
921

921 912
912 3

2
( 5.7m) (

2.7m)  

4-19  

4-20  

4.5  
1. 1978

2. 1990 -

3. 2000

4. 1989

5. Richard H. F., Open-Channel Hydraulics, 1986, McGraw-Hill International
edition Civil Enginnering Series
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5.1  

(inverted siphon)  

 

 

 
5-1  

( )
103  

(a)  

(b)  

(c)  



60 

5.2  

 

1.

 

2. 4m/s
0.75m/s  

5.3  
5.3.1  

1.

HDPE  

2.
… 90cm

 

3.
 

4.
3D  

5.
CLSM

  

6.
 

7.  

5.3.2  

 

1.
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2.
( )

45cm

 

3.

 

 

 

1. 30cm 90cm
1.5∆h 15cm  

2. 90cm 180cm
45cm  

3. 180cm
 

 

 

1.

 

2.

 

3.

1/12  
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5.4  
5.4.1  

10cms
z=2 b=4.3m 2m

n 0.014
EL1=100 EL2=99.7m  

1 2 c
 

 

1. D
D=2.3m  

2. 8m
90m =20°

 

 

( )  

2   

  

   

  

( )  

   

    

  

  

( )  
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( )  

1

=22.5°~30°

 

 
2  

3 = =
= <
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4 2 =
=2×0.38=0.76m  

5 ( )

 

 

6 ( )  0k+100m( )
=100m( )  0k+110.5m( )

 =99.102m( ) ( ) ( )
 

( )  

1 1.3

<22.5°

 

 

 

 

 

 

2  
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3

 

 

4 ( ) 2
 

5 ( )

 

 
6  0k+170.932m( )  

=99.11m( ) ) 0k+184.582m( )
=99.7m( ) ( ) ( )
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( )  

1  

 

 

2  

 
( )  

1  

 

 

2  

 

( )  

1  

2 (2D)
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2  

= =0.035 0.295+0.035 0.295 =0.0207 
m  

 
( )  

1  

=  

2  

 

( )  

1  

 

2  

 

( )  

  (m)  (m) 
     
     
     
     
     

  ∑  
 10%  ∑  

  ∑  
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∑
 

 

( )  

 

1/2=10/2=5cms n
0.014 D 2.3m S
S=tan

 

5-1 ( ) 
d/D α=A/D2 β=R/D  
0.11 0.0470 0.0695 0.00795 

0.12 0.0534 0.0755 0.00954 

0.13 0.0600 0.0813 0.01127 

0.14 0.0668 0.0871 0.01314 

0.15 0.0739 0.0929 0.01514 

( )  

( )  

( )  

( )  

( )
( )
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( )  

 

5.4.2  

1927 1928 1932
( 554.99 )

833
2.589cms 1.5cms  

16.6 22 (
7.2 ) 14 ( 290.15 ) 3 (1 2

3 )
1.2 346 90
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5-2 1  

5-3 2  

5.5  
1. 1978

2. 1990 -

3. 1996

4. 2002 1 2

5. 1989

6. ASAE, 1986, Irrigation Engineering, American Society of Agricultural
Engineers.

7. Peter Waller and Muluneh Yitayew, 2015, Irrigation and Drainage Engineering,
Springer International Publishing.

8. Richard H. F., Open-Channel Hydraulics, 1986, McGraw-Hill International
edition Civil Enginnering Series
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6.1  
(aqueduct/flume)

 

( )

 

1.5m 2.5m
( )

 

1

2012 6 ( 6-1)  

( 6-2) 484.8m
81.2m 4m 3m

 

  
6-1 ( ) 6-2  

( ) 
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1. ( )

2.
U

3.

4.

5.
( ) ( 6-3)

( 6-4)

6-3  
( ) 

6-4  
( ) 
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6.2  

 

 

3 1.
2. 3.  

4.0m/sec 0.7m/sec-3.0m/sec

 

1/300-1/400
1/500-1/1500

(b/h) 1.25-1.67

 

12.5
25.0 1/2000

( )
 

L hf  

L T   S ………………………….……(6-1) 
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T1 T2 tanθ
S1 S2

hv1 hv2 hv3  

   

 0.2(hv2-hv1) 0.1(hv2-hv1) 
 0.3(hv2-hv3) 0.2(hv2-hv3) 

 

1. EL1=  

2. ( ) EL2=EL1 +
E- - - E  

3. ( ) EL3=EL2 +
E- - E  

4. EL4=EL3 + E-
- - E  

6.3  
6.3.1  

 

1.

 

2.
 

3.
 

4. ( )
 

5.
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( 6-5) / /

I T
20m

( 6-6)
( 6-7)

( 6-8)  

6-5 ( ) 6-6 ( ) 

6-7 ( ) 6-8 ( ) 
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6.3.2  

 

 

1.
( )  

2.
 

3.

 

4.
 

(pre-stressed reinforced concrete)  

U

 

1. (advancing shoring 
method)

 

2. ( )
(incremental launching 

method)
 

3.
( L=40m)

( 3 L=51m)
 

4.
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5.
(full casing pile)

(reverse circulation pile)  

6.

 

 

(
)  

 

 

1. 20-120cm 2.50m
5.0m 40-80cm  

2. 100-220cm 2.5-7.0m  

3. 32-66cm 5.0-7.5m  

4. PVC ( HDPE ) 30-80cm 5.0-7.5m

 

 

   

 

1.  
2.  
3.  
4.  
5.  
6.  

1.  
2.  
3.
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1.  
2.  
3.  

1.  
2.  
3.

 
4.

 

6.4  
6.4.1  

6.4.1.1  

500m
88.0m 24.0m

( )40.0m
2 D:120cm
Q=0.36cms B=1.0m

S=1:380 n=0.015 h=0.34m A=0.34m2 V=1.08m/sec  

( 6-9)
( 2000)  

 
6-9 ( ) 

6.4.1.2  

 

1. 6-10  

2. 6-11  

3.  



79 

4.

6-10  6-11  

6.4.2  

70

(83 ) 94
99

101 6
103 10 4.2 480m

80m 4m 3m
102-103

6-12  

6-12  
( 2014 ) 

1.W4.0m*H3.0m 60.99
2.W4.0m*H3.0m 108.71m 3. 2 1.

2 2. 7 3. 22m 4.
1. 4 81.4m*3 81.2 2. 4 40m*4

160m 3. 2 4. 7 5. 1 ψ6m L 30m 6.ψ1.5m
81 3,663m  
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1. 6-13
21cms 6m

 

2.
8,989 150

 

3.

 

4.

12.85%   

 
6-13  

( 2014 ) 

6.5  
1. 1978  

2. 1990 -  

3. 1996
 

4. 2017  

5. 2014  

6. 2000  

7. Clemmens, A. J., Wahl, T. L., Bos, M. G. and Replogle, J. A., 2001, Water 
Measurement with Flumes and Weirs, ILRI Publication 58. 
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7.1  
(tunnel)

 

 

7.1.1  

7-1

(radial stress 
component) (tangential stress component)

( (convergence))

( ) ( ) ( )

( )

( )
( )  

7-1 ( )

7-2
(ground 

convergence curve) ( )
( ) (support 

reaction curve)
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( )
 

 
7-1

 

 
7-2

 

7-2 3

 

7-1 7-2
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7-1 7-2

 

7.1.2  

 

( )

 

 

 

 

 

7.1.3  

(1) (2)
(3) (4)

(5)  
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(1991)

(coverage) (precision)
(extend)

( 2001)

 

7.1.4  

(1)
(2) (3) (4)

(5) (6) (7)  

1.
2. 3. 4. 5.

(light detection and ranging
LiDAR ) 1 m (digital 
surface model DSM) (digital elevation model DEM)

(D-InSAR)

DSM  

7.1.5  

(Rock mass 
classification) Bieniawski1973

(Council for Scientific and Industrial Research CSIR)
(Geomechanics Classification System) Barton (1974)

(Norwegian Geotechnical Institute NGI) Q  

CSIR 6
(Rock Mass Rating) RMR RMR 1984

0 15 RQD 3 20 5 20
0 30 0 15 0 60  
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NGI Barton Lien Lunde(1974) Q
6

10 cm

( )
 

Q
(Norwegian Method of Tunnelling (NMT))
TBM

(Barton 2002)  

PCCR
A B C D A B C D

( 2001)  

1. A (International Society for Rock 
Mechanics ISRM)

 
2. B ISRM

A

 
3. C ISRM

( 4
) 50%

A B

 
4. D ( 50%)

50% 75%
75%
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7.1.6  

 

 

 

 

7.2  

(flow velocity)
 

7.2.1  

(Manning)
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0.8 m/s
12 m/s  

 

7.2.2  

 

7-3 D
- - 2

( 2r-2r-2r)

D

 

 

7-3  

 

 

7-4  
( Wang and Lee 2013) 
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4.5 m

(Wang and Lee, 2013) 7-4  

7.3  
7.3.1  

1.

 
2. D

- - 2 ( 2r-2r-2r)
 

7.3.2  

 

 

( )  

1-2D (D )

( 1 2D ) ( 7-5)  

 

7-6
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7-5  

 
7-6  

( )  

 

(Rankine earth pressure theorem)
(Coulomb earth pressure theorem)
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(Tunnel Boring Machine TBM)
(roadheader)

(rock digger) (rock drill)
(jumbo/drill carriage)  

TBM
(Bickel et al., 

1996)

 

( 7-7)  

 
7-7  

 

50 m

50 m
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/

 

 

(primary support)

(secondary lining)  

( )  

H
H

 

( 7-8)
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( 7-9) 1.

2.
3.

4.

5.
 

SN
 

 
7-8  

( 2006) 

 
7-9  

( 2006) 

( )  

SN  

( )  

Barton Q Q
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(excavation support ratio ESR)

 

20 PCCR
A B C D

 

PCCR

 

 

 

( )  
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(beam-spring model)
 

 

( 7-4)  

 

 

( 1998)  
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1 5
10 50 m ( 200 m )

( )

( )

1990
2010

( ) ( 2016)  

2 20-50 m
5-10 m

 

 

200 500 m  

7 2
1  
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12
24  

7.4  
7.4.1  

2006

2015 5 7
2018 5 23  

8
15m

9.2m 5.4m 5.1m
8.0m  

7.4.1.1  

1920
(6 440 m)

(4 575 m) (2 600 m)

( 2016)  

7-10 370m

 

( )
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7-10
 

(
2016) 

7.4.1.2  

56cms
( 7-11) 2.7m

 

7-11
BIV

 

(
2016) 

 
7.4.1.3  

 

( ) ( 7-12
7-13)  
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7-12

 

 
7-13

 
( 2016) 

7.4.1.4  

7-1  

7-1  
( ) 

 III IV V VI 

RMR 80~61 60~41 40~21 20 

     

 1.5~2.0 m 1.2~1.5 m 1.0~1.2 m 0.8~1.0 m 

 C&W 12 cm C&W 15 cm C&W 20 cm C&W 25 cm 

 32 mmϕ  
L=4 m( ) 

32 mmϕ  
L=4 m( ) 

32 mmϕ  
L=4 m( ) 

32 mmϕ  
L=4 m( ) 

 C&W G100 
100x100x25x20 

C&W G125 
140x124x32x22 

C&W G150 
180x180x25 

C&W G150 
180x180x25 

 
(40 mmϕ

L=3 m) @0.3~0.5 
m( ) 

(40 mmϕ
L=3 m)@0.3~0.5 

m( ) 

(40 mmϕ
L=3 m)@0.3~0.5 m 

 

(100mmϕ
L=12m)@0.3~0.5 m

( V ) 

    3m( ) 

C W VI
2016  

7.4.1.5  

7-1

-

7-2  
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7-2  
 III IV V VI 

RMR 80~61 60~41 40~21 20 
GSI 60~51 50~41 40~31 30~20 
GSI  55 45 35 25 

   2016  

Hoek-Brown
(Hoek et al. 2002) (GSI)
(mi) (D) (Ei) (MR)

7-2 7-3

D 0.2-0.4
 

7-3  

  
 

 
  

 GSI mi D  c ϕ  

 

0k+230 
~ 

0k+600 

 m MPa - - - MPa MPa  MPa 

III 

80 14.12 

55 

7 

0.4 

1417.08 

0.272 36.38 333.23 

IV 45 0.209 32.75 174.68 

V 35 
0.2 

0.185 31.49 121.10 

VI 25 0.14 27.59 67.41 

 

2k+350 
~ 

3k+375 

III 

130 17.56 

55 

7 

0.4 

3436.5 

0.39 34.34 808.10 

IV 45 0.302 30.71 423.61 

V 35 
0.2 

0.270 29.49 293.68 

VI 25 0.208 25.73 163.48 

 2016  

7-1

12.8-170.9 mm 22.3-192.0 mm
(120-250 mm)  
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1
2

 

7.4.1.6  

BIII BIV 25-50m
BV BVI 20-30m

BIII BIV
100-150m BV BVI 50-100 m

3  

( )
/ / 4

250 m
450,000 ppm  

7.4.2  

1926

800 21 km

13 (1 7-14
) 6 3

 

 
7-14 1  

2019  

2.4cms 0.8~0.835m
1.5~2.2m 1.3~1.6m

70

1.28cms

 

4,354 (
7-4 7-15 )
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4,200
2.5 8 11 ( 82-92 )
1.28cms 2.4cms 3cms

 

7-4  

 
( 2019 ) 

  
7-15 - ( ) ( )  

( 2019 ) 

7.5  
1. 1998

119-140  

2. ( ) 2006
 

3. 2016
12 14-27  

84 85 86 87 88 89 90 91 92

1 627 126 172 329 627
2 531 132 150 160 89 531
3 992 372 299 321 992
4 155 155 155
5 113 113 113
6 457 120 64 273 457
7 144 144 144
8 109 109 109
9 92 92 92
10 157 157 157
11 224 224 224
12 384 177 207 384
13 369 240 129 369

  4,354 504 - - 761 759 686 201   1,122 321 4,354  

(m)
(m)

(m)
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4. 2008
117 17-28  

5. 2006 2006
549-558  

6. 1991  

7. 2019  

8. 1997
99-128  

9. 2006 234  

10. 2001
( )  

11. 2016
13 61-71  

12. 2008
 

13. 2003  

14. Barton N., R. Lien, J. Lunde, 1974. Engineering classification of rock masses 
for the design of tunnel support. Rock Mech Rock Eng, 6, 189-236. 

15. Barton, N., 2002. Some new Q-value correlations to assist in site 
characterisation and tunnel design, Int J Rock Mech Min, 39, 185-216.   

16. Bickel, J.O., T.R. Kuesel, E.H. King, 1996. Tunnel Engineering Handbook. 
Chapman & Hall, New York.  

17. Bieniawski, Z.T., 1984. Rock Mechanics Design in Mining and Tunneling. 
Balkema Publishers. 272p. 

18. Hoek, E., E.T. Brown, 1980. Underground Excavations in Rock. The 
institution of Mining and Metallurgy, London.  

19. Hoek, E., C. Carranza-Torres, B. Corkum, 2002. Hoek-Brown failure criterion 
– 2002 Edition, Proc. NARMS-TAC Conference, Toronto, 1, 267-273. 

20. Wang, T.T., C.H. Lee, 2013. Life cycle design considerations for hydraulic 
tunnels - lessons learned from inspection and maintenance cases, J Perform 
Constr Fac, 27(6), 796-806.  
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8.1  

(division works)

 

8.2  
8.2.1  

 

 

……..……………………....…….……....(8-1) 

B= (m) H=h+ha h= (m) ha=V12/(2g)=
(m) V1= (m/s) Pw= (m) Pw h

ha h 8.1
 

……………………..………….………..…..……(8-2) 

Cwr =0.611+0.075(h/Pw)  

 
8-1  
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Harvey 1912 Harvey
Jeffries 8-2

 

 
8-2 (A)Harvey (B)Jeffries  

q=KBth3/2……...……………………..…………..................(8-3) 

K= Bt= h=
 

q=AV=Y ……………………………...………………........(8-4) 

Y= A=1 Y q  

= - )=0        Y= h 

qmax= h =1.70h3/2………………..……..…………...……….…..…(8-5) 

0.9
 

 

1.  

h 



105 

8-3 a b Qa Qb Qa/Qb=a/b  

 
8-3  

 

 
8-4  

8-4 Q0 Q1 Q2 (Q2=Q0-Q1)

 

H0 H1 H2 E
 

 

 



106 

E= ………………………………....………(8-6) 

E=

(m) B= (m) Y= (m) = (m)  

2.  

 

 

A.  

= F= ( )  

B.  

3~6 1.0~1.5  

C.  

 

8-5(a) Ⅰ-Ⅱ  

E= ……………………….…………..….…(8-7) 

Q= ………………..…………………(8-8) 

A= (m2) b=

= = =1.05 = =1.0 = =  

8-5(b)  

……………………....……(8-9) 
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8-5  

=  

…………………………………….…...…(8-10) 

= (m) =  

( )………………..…(8-11) 

m= b= (m)  

( )……………………..…...…(8-12) 

1 6 1 4  

D.  

………………...……………………………(8-13) 

A= (m2) C= ( =0.17 =0.25)  

0.5m Bakhmeteff  
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………………………………………………...….……(8-14) 

……………………………………..…….(8-15) 

= (m) = =(h2-h1)  

E.  

 

F.  

0.3m 20mm  

G.  

 

………………………………….……..………(8-16) 

= (m) = (m)

= (m)  

E1
E2 F  

 (m)……………………………………...…………..……(8-17) 

=  

 

8.2.2  

1. (orifice) 

(H 2Y )
(

8-6)  

  

A= (m2) C=
C 0.60 0.04H  
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8-6  

2. ( 8-7) 

 

 ………….………………………..……(8-18) 

C= h/ho E

 

h/h0 0.1 0.2 0.3 0.4 0.5 
C 0.611 0.605 0.604 0.604 0.607 

E  

 ……………………………….…..…(8-19) 

 
8-7  

8.3  
8.3.1  
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8.3.2  

1.  

2.  

3.  

4.  

5.  

6.  

7.  

8.  

9.  

8.4  
8.4.1  

 

 
 

A B C D 

 Q= 7.37 cms 0.95 3.24 2.12 1.06 

 A= 4.02 m2 0.88 2.75 1.85 1.01 

 h= 1.38 m 0.60 0.60 0.60 0.60 

 R= 0.747 m 0.347 0.486 0.445 0.366 

 V= 1.84 m/sce 1.09 1.18 1.18 1.06 

 n= 0.02 - 0.017 0.017 0.017 0.017 

 S= 1/500 - 1/700 1/950 1/850 1/800 

 E= 19.432 m 18.592 18.592 18.592 18.592 

 7.37 cms 0.95 3.24 2.12 1.06 

 100 % 12.89 43.96 28.77 14.38 

1. (8-10)  

=1.38m V=1.84m/sec

=19.432-1.38-0.19=17.862m =1.0m
=18.862m  
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( - ) 

= (19.432-18.862)=0.38m 

= ( - ) 

= 18.592-18.862=-0.27m 

(8-9) 0.38m > -0.27m  

2. (8-10)  

m 

3. (8-10)  

 

 

 

=10.29m 10.30m
 

 A B C D  

(%) 12.89 43.96 28.77 14.38 100 

(m) 1.33 4.53 2.96 1.48 10.30 

4. 3~6 1~1.5
L=10m  

5.  

A.  

F=19.432-18.592=0.84m  
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B. EL=18.592-0.888=17.704m 

C. (8-15) 

  

 

 

 
8-8  
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8.4.2  

8,660
45,638 90 2

5 12,990 5

89  

8-9 1/2 

8-10 2/2 

8.4.3  

1
10 2.5 2 8 2

1
2  

21  
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8-11 1  

8-12 2  

8.5  
1. 1978

2. 1990 -

3. 2019 http://www.tcia.gov.tw/

4. 2000

5. 1976

6. 2000

7. 2014

8. 1996

9. ASAE, 1986, Irrigation Engineering, American Society of Agricultural
Engineers.

10. B. E. van den Bosch and W. B. Snellen, 1993, Structures for Water Control
and Distribution, FAO. 
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9.1  
” ”

(water measurement)
─

 

Q=A V…………………..……………………………..……………….(9-1) 

Q( m3/sec cms)
( / ) A( ) ( ) V( )

( / )  

 

1.

(Weir)

 

2. A V
(Q=A V)

 

 

9.1.1  

( )

(Cipolletti weir) 90 V
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9.1.2  

1.  

2.W( )  

3.D( )  

4.H( ) ( 4~6 )
 

5.  

6.  

7. V Hv  

8.
 

9. (
)  

10.  

11.
 

12.  

 
9-1  
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9.2  
9.2.1  

Q=1.838 [W-n/10 H] H3/2………………….……...…....(9-2) 

Q W (m) n n=2
n=1 n=0 H (m)

V Q W H

 

( n=0 ) 9-2  

1. Q 1.838 W H3/2….…………..…...………..(9-3) 

2. Q 1.838 W (H HV)3/2 HV3/2 ………..(9-4) 

 
9-2  

( n=2 ) 9-3  

1. Q 1.838 (W 0.2 H) H3/2……….………..(9-5) 

2. Q 1.838 (W 0.2 H) (H Hv)3/2 Hv3/2 ...(9-6) 

 
9-3  
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9.2.2 ( ) 

( 9-4)
1:4

 

1. Q 1.856 W H3/2……….……………….......(9-7) 

2. Q 1.856 W (H 1.5 HV)3/2………….…..(9-8) 

 
9-4  

9.2.3  

90 60 90

 

Q=1.40H5/2……….…………………….…………….……..(9-9) 

9.2.4  

( 9-5)

hc Q
 

1. Q=1.55 W H3/2…….…………………..…….……..(9-10) 

2. Q=1.41 W H3/2……….…………………….…...….(9-11) 

9.2.5  

( 9-6)
( (Herschel) )  
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Q=1.838 W (n H)3/2….….………………………………...………..(9-12) 

H1 (m) n  

  
9-5  9-6  

9-1 n 

  H
 0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 

0 1.000 1.004 1.005 1.006 1.007 1.007 1.007 1.006 1.006 1.005 

0.1 1.005 1.003 1.002 1.000 0.998 0.996 0.994 0.992 0.989 0.987 

0.2 0.985 0.982 0.980 0.977 0.975 0.972 0.970 0.967 0.964 0.961 

0.3 0.959 0.956 0.953 0.950 0.947 0.944 0.941 0.938 0.935 0.932 

0.4 0.929 0.926 0.922 0.919 0.915 0.912 0.908 0.904 0.900 0.896 

0.5 0.892 0.888 0.884 0.880 0.875 0.871 0.866 0.861 0.856 0.851 

0.6 0.846 0.841 0.836 0.830 0.824 0.818 0.813 0.806 0.800 0.794 

0.7 0.787 0.780 0.773 0.766 0.758 0.750 0.724 0.732 0.723 0.714 

0.8 0.703 0.692 0.681 0.669 0.656 0.640 0.631 0.618 0.604 0.590 

0.9 0.574 0.557 0.539 0.520 0.498 0.471 0.441 0.402 0.352 0.275 

9.2.6  

(Parshall Flume)

:

W.S
W.S

H

D

H1
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( )
( )

 

 

1.
B A D W  

2.
F W 9-7  

3.  

4. ( )  

 
9-7  

 

3 6 9
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1~8 8
(Ha Hb )  

1. H 0.6 0.6  

2. H 0.7 0.7  

3. H 0.8 0.8  

 

9-2( Q cms
Ha cm) 9-3

Hb/Ha vs. Q
 

9-2  
W   

1´(2.54cm) Q 0.69091 Ha
1.522 

2´(5.08cm) Q 1.4280 Ha
1.5497 

3´(7.62cm) Q 2.1843 Ha
1.5661 

4´(10.16cm) Q 2.9534 Ha
1.5779 

5´(12.7cm) Q 3.7321 Ha
1.587 

6´(15.24cm) Q 4.5188 Ha
1.5946 

7´(17.78cm) Q 5.3123 Ha
1.601 

8´(20.32cm) Q 6.1114 Ha
1.6665 

9.2.7  

( 9-8 9-9)

 

Q=CA 2gH……….…………………………………………….……..(9-13) 

Q (cms ) C (0.65~0.713)
g (9.81m/sec2) H ( h)

0.06m  



12
2 

9-
3

 
W

~Y
cm

 

W
 

A
 

2
A

 
B

 
C

 
D

 
E 

F 
G

 
K

 
N

 
R

 
M

 
P 

X
 

Y
 

(c
.m

.s)
 

 
 

(3
)7

.6
2 

(6
)1

5.
24

 

(9
)2

2.
86

 

(1
´)

 3
0.

48
 

(1
.5

)́4
5.

72
 

(2
´)

 6
0.

96
 

(3
´)

 9
1.

44
 

(4
´)

 1
21

.9
2 

(5
´)

 1
52

.4
0 

(6
´)

 1
82

.8
0 

(7
´)

 2
13

.3
6 

(8
´)

 2
43

.8
4 

46
.6

7 

62
.0

5 

87
.9

5 

13
7.

16
 

14
4.

78
 

15
2.

40
 

16
7.

64
 

18
2.

88
 

19
8.

12
 

21
3.

36
 

22
8.

60
 

24
3.

84
 

31
.1

2 

41
.4

3 

58
.7

4 

91
.4

4 

96
.5

2 

10
1.

60
 

11
1.

76
 

12
1.

92
 

13
2.

08
 

14
2.

24
 

15
2.

40
 

16
2.

56
 

45
.7

2 

60
.9

6 

86
.3

6 

13
4.

24
 

14
1.

86
 

14
9.

47
 

16
4.

47
 

17
9.

39
 

19
4.

31
 

20
9.

23
 

22
4.

16
 

23
9.
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9-8  

 
9-9  

 

1.  
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2.  

3.  

4.  

5. 10%
 

 

h=0.06 m C=0.7 (9-13)  

Q=0.7(2 9.81 0.06)1/2A=0.7591A 0.3m 0.45m
0.1m  

A=0.1m 0.45m=0.045m2  

Q=0.7591 0.045=0.0341cms 6cm 0.1m
 

9.2.8  

( )
9-10

 

1. Q=CA 2gH……….……………...……..….……..(9-14) 

2. Q=CA 2g(H+HV)……….…………..……....(9-15) 

C 0.615 H H1 H2(m)
HV (m)  

9-4
 

9-4  

 

B(m) A(m) E(m) W(m) C(m) D(cm) L(cm) 

7.5 
7.5 
15 
15 
15 
23 
23 

30 
60 
30 
45 
60 
35 
60 

1.20 
1.20 
1.50 
1.50 
1.50 
1.80 
1.80 

3.00 
3.60 
3.60 
4.30 
4.30 
4.30 
5.00 

0.90 
0.90 
1.10 
1.10 
1.10 
1.10 
1.10 

0.75 
1.10 
0.75 
0.90 
1.10 
0.90 
1.10 

0.60 
0.60 
0.60 
0.60 
0.60 
0.60 
0.60 
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9-10  

9.3  
9.3.1  

 

1.  

2. 2mm
45  

3.  

4. 25%
2”  

5. 15cm/s  

6. 15~20  



126 

7. 
4  

 

( )  

1.  

2.  

3.  

( )  

1.  

2.  

3.  

 

1.

1/3~1/2  

2.
 

3.  

4.  

5.  

6.
 

 

( )  

1.  

2. 
 

3. 
 

4.  

5.  
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( )  

1.  

2.  

3.  

4.  

 

1. 0.85cms  

2.
 

3. 1.78 8  

4.  

5. L  

A. Q < 0.283cms L 2.25
1.75 1.10m  

B. Q > 0.283cms L 2.75  

 

1. H
 

2.  

3.  

4.

30cm  

5.
(V2/2g)

 

 

( )  

1.  

2.  
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3.  

4.  

( )  

1.  

2.  

3.  

4.  

9.3.2  

 

 

1.
0.2 /  

2.
 

3.  

4.
30  

5. ¼  

6. 3  

7. 6 8 (
15 20 )  

8. 4 6
 

9.
( )  

10.  
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90  

1. 45  

2. 3 30  

3. 1/2  

4. 0.075
 

( ) 

1:4  

 

 

1. 

 

2.  

3. 
 

9.4  
9.4.1  

9,840 28.208cms 57.437cms  

0K+016.6
( 9-11)

(H-Q curve) ( )
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9-11 9-12

9.4.2  

1k+724.5

( 9-12) 1

9.5  
1. 1978

2. 1990 -

3. 2019
http://www.chia.gov.tw

4. B. E. van den Bosch and W. B. Snellen, 1993, Structures for Water Control
and Distribution, FAO.

5. Brosz, D. J. and Richard L. C., 1973, Irrigation Water Measurement,
Agriculture Extension Service, University of Wyoming.

6. Clemmens, A. J., Wahl, T. L., Bos, M. G. and Replogle, J. A., 2001, Water
Measurement with Flumes and Weirs, ILRI Publication 58.

7. USDA,1997,Water Measurement Manual.
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10.1  
10.1.1  

(Dam) ( )
 

 

10-1  

(1)  (2)  

(3)   (4)  

(5)     (6)  

(7) (heel)  

(8)  

(9)   

(10)  

(11) (Free-board) 10-1 H
 

 
10-1  

H
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(1)

 

(2)

 

(3)

 

10.1.2  

 

A.  

1. (Concrete gravity dam)

 

2. (buttress dam)

 

3. (Concrete arch dam)

3:1
 

B.  

1. (Earth dam)

 

2. (Rock-fill dam)
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3.

 

C.  

1. (
)

 

2. ( )

 

3.

 

  

A.
 

B.
(1). (flood control) (2). (irrigation)

(3). (electrification) (4). (public water supply) (5).
(navigation) (6). (fish-farming and wild animals) (7).

(regulating river flow storage) (8). (sightseeing)  

 

A. 30m  

B. 30m 90m  

C. 90m  

 

A.
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B.
 

 

A.  

B.  

10.1.3  

(
) ( ) (

)

 

10.1.4  

 

 

 

A.  

B.
 

C.  

D.
 

E.
 

F.  

 

A.  

B.  

C.  

D.  
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E.  

F.  

 

A.  

B.  

C.  

D.  

E.
 

 

A.  

B.  

C.  

D.
 

E. 45°
 

F.  

G.
 

H.  

I.  

 

A.  

B.  

C.  

D.  

E.  

F.  

G.  
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10.2  

 

 

1.

- -
-

  

2.

 

3.

(
)   

4.  

(1) - -
1/2,500 1/5,000 0.5m
1~2m 5m 10m

1m 1m
V=1/2 (A1+A2) h

1m
- - Simpson

 

(2)
 

(3)
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50
 

(4)

 

(5)  

(6)
 

(7)

( 5mm ) 10~20

10-2  

Q=l+q×d-a…………………………………………………….….(10-1) 

Q= l= ( + )
q= d= a=   

 
10-2  

10.3  
10.3.1  

1.
 

(1) (2)
(3) (4)
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2. (
) ( )

( )  

3.
 

(1)
 

(2)  

(3)  

4.
 

5.
 

6.  

(1) W
2.3ton/  

(2) P
 

(3)
 

(4) U

 

(5)
 

(6) I
 

(7)
 

(8)
 

7.  
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(1)

 

 

(2).
A. B. C.  

(3).

1

 

(4). A. B. C. D.
 

(5).
A.

B.
C.  

(6).   

A.

30~50cm  

B.
 

8.  

(1).  

(2). A. B.  

(3). A. B. C. D.
( )  

(4). A. B. C.  

(5).  
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A.
 

B. a. b. ( )
 

C. a. b. c. d.
e.  

(6).  

A.  

B.  

C.
a. b. c. d.

 

(7).  

(8).
 

(9). ( )
 

9.  

(1).  

(2).
 

(3).  

A.
a. b. c. d.

 

B.
 

(4).  

A.
 

B.
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(5).  

 

(6).  

A.
12 15  

B. (1) (2)
(3) (4)

 

C.
 

D.

 

10.  

(1)  

A.
 

B.
 

C.
 

(2)  

A.

 

B.
 

C. ( )
( )  

D.
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(3)  

A. ( )
a. b.

c. d. 4m/sec

 

B.
 

a. ( )  

b.
 

C. a.
b.

Aw Ao 3/4
 

D. ( )
U.S.B.R.  

11.  

14  

10.3.2  

1.

 

……………………………………….….(10-2) 

( )
( )

( 0.5m 0 )  

2.0m~3.0m 60m
3 3.0m
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( × )
3.0m  

2. W W V
 

………………………………………………………….….(10-3) 

3. P  

………………………………………………………………..(10-4) 

……………………………………………………….….(10-5) 

= h (m) (t/ ) = H (m) (ton) =
(t/ ) 1t/ h= (m) 10-1

 

10-1  
  
 

 
 

 ( ) + ( ) + ( ) 
 ( ) + ( ) + ( /2) 
 ( ) + ( ) 

4.
d  

…………………………………………….……….….….(10-6) 

…………………………………………..…………….(10-7) 

= ………………………………………...…….…....(10-8) 

= d (t/ ) = (ton) =
( 0.4~0.6) = (t/ ) d=
(m) = (t/ )( 1.5~1.8) = (

0.3~0.45) 100
 

5. U ( ) (
)  

………………………………………………..……...(10-9) 

Lane
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10-3  

6. I  

…………………………………………………………….….(10-10) 

= (t/ ) = (t/ ) =
10-2

1/2  

10-2  

 
 

  
 0.12~0.20 0.10~0.15 

 0.24~0.40 0.20~0.30 

 
 0.15~0.25 0.12~0.20 
 0.12~0.20 0.10~0.15 

7.  

…………………..……………………….…………(10-11) 

=y (t/ ) = (t/ ) =
h= (m) y (m)  

8. 10-4 A12B  

 

 …………………………………………….….….(10-12) 

 …………………………………………..……….(10-13) 

 

 …………………………………………..………..…..(10-14) 

 …………………...…………………..…………….(10-15) 

 ……………………………….……………..(10-16) 

h1

h2
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(C)  

 
 

(D)  

 
10-4  

9.  

(1)

( 10-4 A1)
10-4(D)

10-4(D) B5
 

 

(2)
 

(shear 
friction factor)  

……………………………………………..…....(10-17) 

Q= C= ( ) A=
= W V=

U=  

C
 

 ( )
3.0 2.0

(A)  

(B)
( ) 
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1.0 4.0
2.7 1.3

 

f (sliding factor)
 

………………………………………………...…...(10-18) 

……………………………………………………….…...(10-19) 

0.4
0.3 0.3

 

(3)
 

1,500 / (105kg/ )
3.0 2,250 /

(158kg/ ) 2.0  

 

(4) A.
10~15 B.

15~20  

(5) A. 1~3mm B. 1~2mm C.
6~12mm 300~400mm  

(6) 30

2
1.5~2.0 2.0~2.5  

(7) 1~2
1/3

 

10.  

(1).  
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A.  

B.
 

C.  

D.
 

E.  

F.  

G.  

H a. b. c.
d. e. f.  

(2)  

A.

3.5m
50m 9~12m  

(m) …………………………..……………..…...(10-20) 

B. 2~3%
 

C.
1%  

D. 10cm
30cm  

E. 25m
 

F. a. 5% b.
30% c.

36%
 

11.  

(1) 2:1~4:1
1.3~1.7:1
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1.3~1.4:1 1.7:1 1.3~1.4:1  

(2) C 1.5~1.8m
B 0.9m A

30cm 3~10
30cm  

(3)  

A. 20cm
0.5%

(doweled cutoff)
 

B. 1.7:1
23cm 30cm 3m 3.6m

 

C. 1.3:1 1.7:1 1/4
3/8

 

10.4  
10.4.1 1 

10-5 1. X 2.
( )  

   

   

   

   

  PV 454.5γ  
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(1) O    

 

  

  

(2)   ………………..…….……………….  

  …………………...  

          
 

0

3 2 1

3m 3.6m 9.6m

18
m

6m

5

4

x

PH γ'=2.5γ

Ry
Rx

 
10-5 1  

10.4.2 2 

10-6(a) B1 ?
 

B1 10-6(b)
0 W  

2300kg/m3 B1  
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6m
6m

6m

18
m

Heel

6:10

3:10

3m

Toe

B1

B2

B3

6m

t1

R

0.3m 3m 1.8m

X

t1

U

X'

W W

Hv

Hh

R'v R'

dx

1.8m

 

10-6 2  

t1 B1 R W
W B1

 

 

 

  

σ (heel) 1.53 0.66 
10-6(d)

 

   

  

B1

 

10-6(c) B1  

    

(joints)
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Hh Hv U 1/3 t1
B1  

  

W Hv    

 

 

Hh B1 B2 B1 B2
B1 B2  

 

(τ 17.50 )
Ff μ(W Hv U) μ 0.65 Ff 26,900 

ℓb  

 

W Hh Hv U R’
 

  

t1  

  

  

(heel)
 

10.4.3  

45
7 53 6 32

 

133.1m 10-7
252.1m 245m 360m 11.9m 706

m3 2.01 m3(106 )
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10-7  10-8  

10.4.4  

9 9 19 5
541,130,000

( ) 58km2

83,758,651m3 13km2( 58.18m)
1,273m 56m 9m 303m 10-8

1,500cms
 

10.5  
1. 1978  

2. 1990 -  

3. 2019 https://www.wranb.gov.tw/3517 
/22717/22721/  

4. 1996 ( )  

5. 2020 https://www.chianan.gov.tw/  

6. ASAE, 1986, Irrigation Engineering, American Society of Agricultural 
Engineers. 

7. J. G. Dahigaonkar, 2006, Textbook of Irrigation Engineering, Asian Books 
Private Limited. 



153 

 

11.1  
(

)
 

1.  

2.  

3.  

4.  

 

1.

 

2.

 

3.

 

11.1.1  

11-1  

11-1  
  mm  

 

 CNS A 1001 150~3000 A
B

 
 CNS A 1001 150~2000 

 CNS 483 
CNS 12285 500~2000 
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  mm  

 

 
 

CNS B 5055 
CNS B 5062 80~800 

 
 CNS B 5056 80~600 

 
PVC

 

 CNS K 3033 10~500 

1/3~1/4
1/3~1/4
TS

 

 CNS K 3034 10~600 

 CNS-2334 10~350 

PE
 

HDPE
 CNS-2456-2 10~300 

 

FRP
  CNSK 3080 200~2000 

 

  CNS-6445 15~500  

11.1.2  

 

( 11-1 11-3) 3  

1.

 

2.

( )  
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3.

 

 
11-1  

 
11-2  

 
11-3  

 

(1)
 

(2)

 

11.1.3  
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1.  

2. ( ) ( )
 

3.
 

 

1.
 

2.

 

3.

 

11.1.4 ( )  

 

 

1.  

2.  

3. ( )
 

4.
 

5.  

(1)  

A.  

B.  

C.  

D. 
 

(2) 
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6. ( )

 

(1)  

A.  

B.  

C.  

B C  

(2)  

A.  

B.  

C.  

7.
 

(1) 5
 

(2) 5  

8.
(2) (3)  

(1)  

(2)  

(3) 
 

9.
 

10.
 

11.
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11.2  
11.2.1  

11-4
11-5  

 
11-4  

 
11-5  

11.2.2  

(1)  

11-2  
(mm) (m/sec) 

75~150 0.7~1.0 

200~400 0.9~1.6 

450~800 1.2~1.8 

900~1,500 1.3~2.0 

1,600~3,000 1.4~2.5 

11-2

 

 

LWL 
 

  

 HWL 

 

LWL  

  

 
HWL 

LWLLWL
 
P 
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11-2
2,000mm

11-2
 

(2)  

11-3
( )

(Cavitation)  

11-3  
 (m/sec) 
 4.57-6.10 

 5.0 
 5.0 

(PVC) (PE) 5.0 
(FRP) 5.0 

(3)  

0.3m/sec  

11.2.3  

 

11.2.4 ( ) 

 

1.
 

2.
11-6  

3.

0.5m ( 11-7)  
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11-6  

 
11-7  

11.2.5  

( ) (
) 10% 2m( )( 11-8)  

 
11-8  

 

 

 

 

 

 

LWL 

 

( ) 

    

( ) 

0.5m  

 
(Hf) 

HWL 

HWL 

LWL 

LWL 

 

 
=10% Hr 2.0m 

 

 
 
 

P 
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11.2.6  

11-9
 

 

Q D V

AB  

 

 

 

 

 

 

 

 

11-9  

 

D V L
(11-1)  

…………………………………………………..……….(11-1) 

g 9.80(m/ ) f  

 

 

   

HWL 

( ) 

 

LWL 

A 

 

 

 

 

Q,V Q,
fe fb 

B 

 fb 

D 

C 
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– (Hazen-Williams)
–

(11-2)  

………………………….………………....(11-2) 

(11-2) (11-3)  

………………………….…………………(11-3a) 

……………………………………………(11-3b) 

………………………………………(11-3c) 

…………..………...…..……(11-3d) 

V (m/sec) C ( 11-4 ) R
(m) I D (m) (m) Q

( /sec) L (m)  

(11-1) (11-4) 

…………………………………………..……………...(11-4) 

(11-4) (11-3d) –
(11-5)  

……………………………………….………..……(11-5) 

(Manning) –

–
n C

%  

–

–  
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11-4 C  

( ) 
(C) 

   
( ) 150 80 100 

( ) 150 80 100 
( ) 145 90 100 
( )( 1) 

800  
700~600 
500~350 
300  

 
- 
- 
- 
- 

 
- 
- 
- 
- 

 
130 
120 
110 
100 

( ) 150 120 130 
 140 120 130 

 140 120 130 
 140 120 130 

 160 140 140 
PVC( 2) 160 140 150 

PE( 2) 170 130 150 
( 2)  

( 2) 160 - 150 

1 JWWA-115-1974 0.5mm
800mm

C=130  
2 150mm C=140  

 

( 11.2.6 11-9 )  

1.  

2.  

3.  

4.  

5.  

6.  

7.  
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8. (Stand)  

10%
 

11.2.7  

 

( )
7.5kg/ (

p208~247)  

 

1.  

 

(1) 20%
20%  

(2) 3.5Kg/
100% 3.5Kg/ 40%

 

(3)
 

2.  

  

(1) ( ) 4.5Kg/
100% 4.5Kg/

60% 4.5Kg/ 60%
4.5Kg/  

(2)
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A. ~
4.5Kg/ 100% 4.5Kg/

60% 4.5Kg/  

B. ~ ( )
4.5Kg/ 100%

4.5Kg/ 60% 4.5Kg/
 

C. ( ) OFF
3.5Kg/ 100%

3.5Kg/ 40% 3.5Kg/
 

 

1.  

 

(1)
 

(2)
( )  

(3)
 

2.  

 

 

11-5 11-6
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11-5  
     

 

1  
  

2 ( )   

3  
  

4    

5  

a  
 

6 
   

7  
  

8   

 

9 
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11-6  
     

 

1 (dash pot)

 
 

 

2  

  

3   

 

4 

 
  

5 
   

6  

 

 

11.3  
11.3.1  

 

1.  

2. (
)  

3.
( )
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4.
200~300  

5.

 

6.
( )  

7.  

8.
 

9. (
)

 

10.

 

11.  

12.
=2  

11.3.2  

( )
 

 

1. 2.
3. 4. 5.  
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1. ( )
( )  

2. 2
 

 

 

 

1. 2. 3. 4. 5.
6. 7. 8. 9.  

11.4  
11.4.1  

40 Ha 30 Ha 20 Ha
130 Ha 30 Ha 250 Ha 9
4

250
72

76 77 (0.4Ha) (7,500m3)
250 1,150  

(R.C)1 4 A(
) B( 3 )

( ) C(PE
) ( )1 R.C ( )9

12 (P.V.C)16,413.5 100  
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6,000 50 /
2.5

1/100
76

50 45

11-10 3,000 ( ) 50 ( ) 

11.4.2  

99

624

 

0.2cms
HDPE 315-140m/m (Ductile Iron Pipe, DIP)

200-150m/m 26,193 m 11-7
/

105-108 4
12,756 20.4  

11-11 PLC

11-12  
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11-7  

 
( 2019) 

 
11-11  

 
11-12  

( )
232                                          189                                          121                                          82 624

( )
1,820                                       1,320                                       970                                          4110

D315mmHDPE L=2,202
D315mmHDPE L=4,005m
D300mmDIP L=665m

D315mmHDPE L=3,469m

D200mmDIP L=172m
D150mmDIP L=1,391m
D140mmHDPE L=4,195m

D150mmDIP L=250m
D140mmHDPE L=5,466m

D200mmDIP L=1,376m
D150mmDIP L=1,365m
D140mmHDPE L=1,637m

(m)
7,960                                       10,386                                     7,847                                       26,193  
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11.5  
1. 1977 ( 2)

52 10  

2. 1978 ( )  

3. 1983
( )  

4. 1985  

5. 2019
 

6. 2001
 

7. 1982 ( )  

8. 1996 P.521~632  

9. 1991  

10. 1984
P.7~8  

11. 1984
P.217~254  

12. 1976
P.46~53  

13. 1978 FIELD IRRIGATION HAND BOOK  

14. Sprinkler Irrigation Association SPRINKLER IRRIGATION Third Edition
1969  
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12.1  

 

( (pump)) (
)

 

12.1.1  

3 1.
(centrifugal pump)

2.
(reciprocating pump)

3. (rotary pump)

 

 

 

1. (volute-type pump)
12-1

 

 
12-1  
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2. (turbine-type pump)

(turbine pump) (diffusion pump)

12-2  

 
12-2  

 

  

A.  

(1)  
 
 

(2)  
(3)  
(4)  

B.  
(1)  
(2)  

C.  
(1)  
(2)  

 

1. (Radial flow pump) (centrifugal pump)

12-3  

 
12-3  
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2. (Mixed flow pump) (obliquely flow pump)

12-4  

3. (Axial flow pump) (Propeller pump)

12-5  

  
12-4  12-5  

12.1.2  

 

(capacity) m3/min m3/s  

(head)

12-6
Ha H  

 
12-6  
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(rpm)
12-1  

12-1 60HZ  
rpm 

 2 4 6 8 10 12 14 16 18 20 

 3,600 1,800 1,200 900 720 600 514 450 400 360 

 3,450 1,750 1,160 870 700 580 500 430 390 350 

 

(efficiency)

( ) (
)

12-2  

12-2  

(mm) 50 70 80 100 130 160 180 200 260 300 

(%) 45 50 55 60 65 70 72 73 74 75 

(mm) 400 500 600 800 1,000 1,300 1,500 - - - 

(%) 76 77 78 79 80 81 82 - - - 

12.1.3  

 

Q
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H Ls ηp H-Q Ls-Q ηp-Q 3
12-7 800mm

Q=86m3/min H=11m 250Ps ηp = 
85%  

 
12-7  

 

( ) ( ) (
) Q-H Q-Ls Q-ηp
12-8 12-10  

 

12-8
Q-H  

 

12-9
Q-Ls  
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12-10
Q-ηp  

Ns  

1. 12-11  

A. Ns Q  

B. Ns Q  

2. 12-12  

A. Ns Q
(Q=0)  

B. Ns Q
Ns Q

 

3. 12-13  

A. Ns  

B. Ns  

  
12-11  12-12  
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 12-13  

12.2  
12.2.1  

(Specific speed)
—  

………………………………………………….........….(12-1) 

N (rpm) Q (m3/min) H (m)  

Ns
Ns Ns

→ → 12-14  

 
12-14  

( 73.11)  
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12.2.2  

 

(Actual head)
(Suction lift)

(Suction head) 12-15
( ) (Actual discharge head)

(Total head)  

H = Hs + Hd = (Hsa + hfs) + (Hda + hfd) = Ha + hf …………….…..…….(12-2) 

H= (m) Hs = Hd= Hsa=
hfs= Hda= hfd=  

12-16

( )  

………..……………..……………..…..…...(12-3) 

H (m) Hd (m) Hs
(m) Vd

(m/s) Vs (m/s) g =9.81(m/s2)  

  
12-15  12-16  

 

……………………………..……………………..…(12-4) 
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G (kg/cm2) r
r=1kg/l Zd (m)=

 

(cmHg)
 

……………………………..………………….(12-5) 

GM (cmHg) rHg

=13.55(kg/l) r (kg/l) Zs (m)=
 

 

…………………………………….......…….……(12-6) 

H (m) h (m)
hd (m) Vd

(m/s) g =9.81(m/s2)  

 
12-17  

 

(v2/2g)  

A.  

Hf  

Darcy  

(m) …….….……..……………………………….……(12-7) 
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L (m) D (m) (m/s) g
=9.81(m/s2) λ =0.02+0.0005/D

 

Manning  

 …..….………..……………...…..…......…….….(12-8) 

……….……………………………...……………….……(12-9) 

….…....…………………………………………..……….…(12-10) 

V (m/s) n ( 12-3) S R
(m) L (m) P (m) A

(m2)  

12-3  
 n  

 0.010 ~ 0.016 
 0.010 ~ 0.015 
 0.011 ~ 0.017 

 0.010 ~ 0.015 
 0.011 ~ 0.017 

B.  

 

………………………………………….……………..….…(12-11) 

ζ (
) ( 12-4)  

12-4  

 ζ= 0.5 

( ) ζ= 0.8 ~ 1.2 

( ) 
 15 20 50 

 
ζ 15 7.5 5 

( ) 
 15 25 50 100 150 200 250 300  

ζ 1.0 0.25 0.19 0.16 0.15 0.11 0.05  

( ) 
 100~250 300~450 500~600 700~900 1000  

ζ 3.2~2.5 2.0~1.5 1.2~0.7 0.5~0.3 0.2~0.15 
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10.33m( )
6~7m

(Cavitation) (NPSH)
 

1. NPSH(Hsv) 

HSV NPSH  

HSV =Ha – hs – hv –hl …………….…………………………....……(12-12) 

Ha ( 10.33m) hs
hv ( m ) hl

(m)
12-5

12-6  

12-5  

(m) 0 100 200 300 400 500 800 1,000 

(mH2O) 10.33 10.20 10.08 9.96 9.85 9.73 9.38 9.14 

12-6  

 ( ˚C ) 0 5 10 20 30 40 50 60 70 80 90 

(mH2O) 0.06 0.09 0.13 0.24 0.43 0.75 1.25 2.03 3.18 4.83 7.1 

2. NPSH(hsv) 

HSV hsv

HSV>hsv hsv
NPSH  

HSV= hsv hsv
 

(1)Thoma's  
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hsv = δ H……………………………………………..………………(12-13) 

δ Thoma's ( 12-18 ) H (m)
 

(2) S  

….…………..…………………………………...……….(12-14) 

……………………….………………………(12-15) 

S N (RPM) Q ( Q/2
)(m3/min) 12-19  

  

12-18 σ
 12-19  

3.  

Hsv hsv Hsv>1.3hsv
Hsv<1.3hsv
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Ns ( ) 

Ns
 

Ns
0~40˚C 12-7  

12-7  

(mm) 40~80 100~125 150 200 250 300 

+ (m) 7.0 6.5 6.0 5.0 4.0 3.0 

12.2.3  

2~3m/s( 3 2m/s)
 

 

Q < 2 m3/min ……………………………......……(12-16) 

Q > 2 m3/min ………………..…….……..……...…(12-17) 

D (mm) Q (m3/min)
 

12.2.4  

 

Lw  

……………………….……………………………...…..(12-18) 

r (kg/m3) Q H (m)  

 

 = 0.222 Q H ( PS)….………….………(12-19) 

(KW) 1PS=0.736KW  

Lw = 0.163 Q H (KW)  ………………............……….…...…..…(12-20) 
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Ls  

 (PS KW) ……………………….………...……….…..…(12-21) 

ηp ( ) Ns
12-2 12-20  

 

Ld  

(PS KW) ……………………………….………...…(12-22) 

α 12-8 ηt 12-9  

12-8 α  12-9 ηt  
 α 

 0.1~0.2 
 0.2~0.25 

 0.15~0.20 
 

 

 ηt 
 0.85~0.93 

V  0.90~0.95 
 0.88~0.96 

 0.90~0.98 
(1 ) 0.90~0.96 

 1.0  

 
12-20  

~ ~ 
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12.3  
12.3.1  

(
) (1) (2) (3)

(4)
 

 

1.  

2. 
 

3. 
 

4. 
 

5. (
)  

6.  

7.  

8.  

9. 
 

 

1. 
 

2. 

 

3. 

(Surging)
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4. 
 

5. 

 

12.3.2  

12-21

 

 
60HZ 

12-21  

 

RS  MS,SS (2P 2 ) 

HWS  SP  

S  HDS,HDB  

L C  PS,PSW  

HS  VW  

HY  BHS  

SZ   
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70m3/min 5m 60HZ
 

12-21 4 ( C)
(HY) (HS) (HS)

Ns

 

1. 800mm Ns 1500(rpm m3/min m
) 599rpm 585rpm(12 )
Ns=1464(rpm m3/min m )  

2. 800mm Ns 800(rpm m3/min
m ) 320rpm 6 8

320rpm  

3. 800mm Ns 600(rpm m3/min
m ) 340rpm (Ns 0.5Q Q) 2.

 

1. Ns 1464

2. 3.  

12.3.3  

 

 

1.  

2. 
0.5m/s

 

3. 
 

4. 
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5. 
1.2~1.5

 

6. 

 

7. 

 

 

(Flap 
Valve)

1.2~1.3 1.5~1.7

 

 

 

1.  

2.  

3.  

4. 
 

5. 
 

6. 
 

7.  

8.  
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12.4  
12.4.1  

12-22  

 

 

( 12-20
12-2 ( 12-9) (

12-8)  

Ns (rpm)  

 
12-22  

12.4.2  

( )
( ) 0.403CMS

12-23



192 

±15% HWL=+9.10m DWL=+7.80m
LWL=+6.80m  

 
12-23  

 

0.403cms 0.403 / 2 0.202cms
Q 0.202cms = 12.12cmm 12-22

300mm(12 )
 

 

( )  

1. ( ) fi = 1.0 Vs = Vd 

= Q/A =  = 2.86 m/s  = 0.417m

 = 0.417m  

2. D = 0.30m Ls = 2.05 + 6.50 + 0.95 + 3.50 = 13.00m Darcy 
λ= 0.0 2+ 0.0005/D = 0.022 (12-7) hL = 

 = 0.40m 10

α=1.8 hL = 1.8  0.40 = 0.72m  

3.90˚ R/D = 1.5 ζ=0.17 (12-11)

hb=  =0.07m  

4.45˚ R/D = 1.5 ζ=0.13 hb=  

=0.05m 45˚ 0.05 × 2 = 0.10m
Hsf = 0.417 + 0.72 + 0.07 +0.10 = 1.307m  
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( )  

1.300mm fv = 0.07 hv=  =0.03m  

2.45˚ 2 hb= 0.05 × 2 = 0.10m  

3. D = 0.30m Ld = 4.80 + 2.50 = 7.30m λ= 0.022 hL = 

 = 0.223m 10

α=1.8 hL=0.223×1.8= 0.40m  

4. ( ) =1.0  

0.417m Hdf = 0.03 + 0.10 +0.40 +0.417 = 
0.947 Hf = Hsf + Hdf = 1.307 + 0.947 = 2.254m  

 

( )  

12-23 DWL(=+7.80m) 1.50m
Hsa = 2.05 + 0.80 - 1.50 = 1.35m Hs = Hsa 

+ Hsf = 1.35 + 1.307 = 2.657m  

( )  

12-23 Hda = 3.69m Hd = Hda 
+ Hdf = 3.69 + 0.947 = 4.637m  Ha = Hsa + Hda = 1.35 + 3.69 = 
5.04m H = Ha + Hf = 5.04 + 2.254 =7.294( m)  

 

( )  

12-14 550(rpm m3/min m) 

Q/2 = 0.202×60/2 = 6.06 (m3/min) H = 7.294m 

(12-1)  

N =  =  = 992(rpm) 

8 ( 12-1) 870rpm  

( ) Ns 

N =870 rpm Q/2 = 6.06 m3/min H = 7.294m 

(12-1)  

 =  = 483< 550 OK  
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( )  

Q = 2.02 m3/hr = 12.12 m3/min H = 7.294m r = 1,000kg/m3 

(12-18)  

Lw=(r×Q×H)/4500=(1000×12.12×7.294)/4500=19.45(ps) 

( )  

12-2 300mm 75
ηp =0.72 (12-21)  

Ls = Lw/ηp = 19.65 / 0.72 = 27.3(ps) 

( )  

( 12-8) α 0.2 ηt =1.0
(12-22)  

Ld = Ls(1+α)/ηt = 27.3×(1+0.2)/1 =32.5(ps) 

35HP  

12.4.3  

490
99 41.58

15Hp 10 1,500GPM 12-24  

 
12-24  
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12.4.4  

859
51 98 1,357

30Hp 3 12 9,800GPM
12-25 12-26  

 

12-25  

 
12-26  
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12.5  
1. 1978  

2. 1990 -  

3. 1978  

4. 1997  

5. 2002  

6. 1978  

7. 1997  

8. 2002  

9. 2010  

10. II  

11. II  

12. ASAE, 1986, Irrigation Engineering, American Society of Agricultural 
Engineers. 

13. J. G. Dahigaonkar, 2006, Textbook of Irrigation Engineering, Asian Books 
Private Limited. 

14. Peter Waller and Muluneh Yitayew, 2015, Irrigation and Drainage 
Engineering, Springer International Publishing. 
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13.1  

1930

 

1998 2002

2002 8 14

 

2004 6 30

 

2008 -
( 2008)

(sustainable public infrastructure)

 

2011
--

( 2011)
 

2017
2019

 

13.2  
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n

 

 

 

 

 

 

 

 

 

 

 

13.3  
13.3.1  

 

 

1.  

2.  

3.  

4. ( ) 13-1  

13-2
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13-1  

 
13-2  

 

 

1.  

 

 

 
1.  
2.  
3.  
 

 
1.  
2.  
 

 
1.  
 

 

 
( ) 

 

1.
 

2.
 

3.
 

4.  

 

(1)  
(2)  
(3)  

(1)
 

(2)
 

(1)  
(2)  

(1)  
(2)  
(3)  
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2.  

 

3.  

 

4.  

5.

 

   

1.
 

2.
 

3.
 

4.  

 
 
 
 
 

 

1.
 

2.

 
3.

 
4.

 

13-3  

 

1.
2. 3.

 

1.  
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( )  

 

2.  

 

3.  

 

 

 

 

1. ( )

 

2.

 

3.
( )
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(
)

 

5
 

 

( )  

 

1.  

2.  

3.  

4.  

5.

13-1  

( )

 

( )  

1.  

2.  

3.  

4.  

( )  

( 2005 2007)
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PE  

( )  

( 2006)  

13-1  

\  
 

 
 

 
 

 
 

 
 
 

 

   ○ ○ ○ 

 ○ ○ ○ +  

 ○ ○ ○ ○ ○ 

 
○ ○ ○ ○ ○ 

 + + ○ ○ ○ 

   ○ ○ ○ 

 

 

 ○ ○ ○ ○ + 

  ○ ○ ○ ○ 

 
  ○ ○ ○ 

(plankton)
 

  ○ ○ + 

 

 ○ ○ ○   

 
○ ○ ○ + + 

 

 ○ ○ ○ ○ ○ 

 ○ ○ ○ + + 

 ○ ○ ○ ○ ○ 

 ○ ○ ○ ○ + 

○ +  
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13.3.2  

 

(mitigation)
NEPA( ) (avoidance)

(minimization) (rectifying) (reduction/elimination)
(compensation)

 

 

1.

 

2.

 

( )  

1.
 

2.

 

 

1.

 

2.
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3.

 

 

1.
 

2.

 

 

1.

 

2.

 

13.4  

 

2002 2003

2 2
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13.4.1  

13-4  

13-4  

13.4.2  

13-5

13-5  
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13.4.3 ( )  

13-6  

13-6  

13.4.4  

13-7

13-7  
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13.4.5  

13-8 13-9  

13-8  

13-9  

13.4.6  

13-10 13-11
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13-10  

13-11  

13.4.7  

13-12

13-12  

13-13  
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13-13  

13-14  

13-14 -  

13.4.8  

13-15  

13-15  
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13-16
13-17  

13-16  

13-17  

13.4.9  

13-18 13-19

13-18  
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13-19  

13.4.10  

13-20  

13-20  

13.4.11  

13-2  
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13-2  

    

  
 

■  ■  
■  □  

  
 

■  ■  
■  □  

  
 

■  ■  
■  □  

   

□  ■  
□  □  

   

■  ■  
□  □  

  
 

■  ■  
■  □  

  
 

■  ■  
■  □  

   

■  ■  
□  □  

   

■  ■  
□  □  

13.5  
1. 1985

( )  



214 

2. 2006

2002 ─
( )

3. 2016
2016 p.1-p.32  

4. 2007 ─
34 1 P.56~64

5. 2008
3 4

6. 2005
51 2 P.41~61

7. 2006
52 3 P.46~54

8. 2006

9. 2007
53 2 P.61~76

10. 2005
51 3 P.74~86

11. Te-Hsing Chang, Shinne Chen, Shen-Ting Huang, Shelter effect Evaluation of
the willow works bank protection method A case study for Beinan River
Reach 2009 Typhoon Morakot event, Paddy and water Environment, ISSN
1611-2490,Vol11,P.15~33,Jan.2013.
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14.1  
14.1.1  

21
(biological diversity)

(global warming) (climate 
change)

(ecosystem service)

2014 AR5(fifth assessment report)
(IPCC 2014) (mitigation) (adaptation)

20
2017

(
2019)  

14.1.2  

2002

2006 ( )

eco-engineering  

2008 -
( 2001)

(sustainable public infrastructure)

10%
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2011 --

2017 10

2019

1.
( ) 50%

2.
3.  

2006

2007

2012
2012

2013  

2014

2016  

2017

2018  

2019  
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14.2  
2019 14 1 1

5 14-1  

14-1  

( 2019) 

14.2.1  

(
)   
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14.2.2  

 

 

 

 

14.2.3  

 

 

 

 

14.2.4  

 

 

1.
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2.
 

3.
( )

 

4.  

5.  

6.
 

 

 

14.2.5  

 

14.3  

 

( TWD97 ) /
/ ( ) (

)
14-1  
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14-1  

1.

2.

3.

4.

5.

1.

2.

3.

4.

5.

1.

2.

3.

1.

2.

3.

4.

1.

2.
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(
)

(

)

14.3.1  

1.

14-2 14-2

14-2  

- 
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14-2  

(
2019) 

2.
 

3.

 

4.

 

5.
 

6.

( 2016)
( 2018)
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14.3.2  

4
 

(avoidance) 

(
)

 

(minimization) 

( )
 

(mitigation) 

(
)  

(compensation) 
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14-3 4  

(
2019) 

14.3.3  

14.4  
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- ( )

108 II-01.01- -03
108V01 ( 2 ) 41  

14.4.1 2  

108
2

14-1  

14.4.2 ( )  

108
( )

14-2  

14.5  
1. 2014  

2. 2019  

3. 2001 - (
)  

4. 2017  

5. 2019  

6. 2018  

7. 2019 ( )  

8. 2019 2  

9. 2016  

10. 2019  

11. Intergovernmental Panel on Climate Change 2014, Summary for 
Policymakers. In: Climate Change 2014. http://www.ipcc.ch/.  
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 14-1  

 

-  
( )—  

 
 

2    

 107.11.05~108.06.30   

    

 
/TWD97  

X:182612  Y:2575890 
X:182684  Y:2575213 

/ 
( ) 10,000  

 
98 4

 

 ■ □ □ □   

 461m 1  
584 m 1  

 : 107 100  
: 37 200  

    

(
) 

 

1. 
 

■     □  

(

… ) 

1 

 
(

) 
 

1. 

? 
■     □  

2 
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1.
?

■ □   ______________
3 

(
) 

1.

■ □   ______________

4 

1.

?
■ □   ______________

2. ?
■ □   ______________

5 

(
) 

1.

■ □   ______________
2.

■ □  ______________

6 

1.
■ □ ______________ 7 

(
) 

1.

■ □  ______________

8 

○         ○  
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1  

/  (
/ ) 

○ (
) 

107 6 20  

(
) 

2  

( / ) 
○ (

) 107 06 20  

 

/ ○  30  

/ ○  25  

/ ○  3  

/
○  10  

/
○  40  

/
○  40  
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3  

107 06 20  107 06 20  

○ ○  2  

○ ○ ○  

1.

1,046

2.

1.

2.  

1.

2.

3.

1.

2.
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4  

( / ) 
○ (

) 107 06 20  

1,500 23.2℃  
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