41

4-1

50

Manning

(law of similitude)

(10)  (2)
Q=AV
STA.150
(%)
(3)
(10) 9)
(8)



No.

10

11

12

56

4-1
STA. 150 1Bed slope ! Q Remark
ISTA, 150 R So /
A 1.
(2) (3) @ (6) (7) (8) 9  (10)
5.69 4.74 192.32 1 171.41 237.00 3.98 0.17 0.0060 40.62
5.56 453 190.99 ' 170.24  226.50 ; 3.84 0.17 0.0059 38.56
5.33 433 1 179.94 160,55 216.50 3.69 0.17 0.0061 34.76
5.17 403 : 177.82 1 158.69 201.50 3.47 0.17 0.0060 31.98
4.85 3.84 172.14 153.71 192.00 i 3.33 0.17 0.0060 2951
4,56 3.48 162.11 14491 174.00 3.05 0.17 0.0060 25.21
3.88 2.89 156.83 1 140.28 14450 1 259 0.17 0.0055 20.27
3.44 2.34 155.41 1 139.04 117.00 2.14 0.17 0.0049 16.27
3.18 1.79 152.47 136.46 89.50 | 1.67 0.17 0.0043 12.21
2.63 1.19 145.07 129.97 59.50 1.14 0.17 0.0035 7.73
2.50 0.86 121.75 109.52 ; 43.00 ; 0.83 0.17 0.0033 4.71
1.90 076 . 113.95 1102.68 38.00 0.74 0.17 0.0033 3.90
v 41
2 STA. 150
Point gate 3
(2) STA.150 Point gate
3
(3)
STA.150
10
3
(%)
(10) 4-1
STA. 150 5 . (9)
Manning
! . .
= le is 2

= 0.17



4-2

QC /1 )

6.16 (0.15Qmax)
7.27 (0.18Qmax)
8.28 (0.21 Qmax)
15.36 (0.38Qmax)
16.46 (0.41Qmax)
18.34 (0.46Qmax)
19.32 (0.47Qmax)
20.11 (0.49Qmax)
23.65 (0.59Qmax)
26.48 (0.66Qmax)
29.33 (0.73Qmax)
31.75 (0.79Qmax)
36.45 (0.91Qmax)

40.66 (1.01Qmax)

4-2

STA.0

STA. -95.54
2.28
2.46

2.61

3.88
4.17
4.39
4.60

4.76

4-2

4-1

STA. -56.21

4.42

5.43

5.85

7.22

9.58

10.16

10.22

10.63

12.15

13.18

13.80

14.60

14.15

15.05

3

STA. O

1.85

2.25

2.45

(G )

STA. -56.21

12.92
13.69
15.01
15.68
16.22
18.61
20.47
22.31
23.86
26.81

29.41

4-2
STA.-95.54 STA.-56.21

57



Overflow depth ()

411

100 .
| A
STA. 150

Q=0.933*H223
4-1

4-1

X

58

STA. 150
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4.1.2 Co(coefficient of discharge)
Co
0 2-14 42
3.50 rf0 TEHMIMILREred FT e p-rern TTT
3.00 ;l) 1 Q
O 2.50 0 OA//
Q \
/
2.00
I |
o LA A 11
0.0 1.0 2.0 3.0 4.
P/Ho
4-2
1
2.
3
4, I
(2-4)
Co (coefficient of
discharge)



4.1.3

4-3

Manning’n 4-3
4-1

Manning'n

Manning'

Manning’n

Manning'n

Manning’n

4-3

0.009-0.01 (Chow ,1959)

4-3

A

4-3
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42

(STA -95.54  STAO) chute 1 (STA. 0 STA.110) chute 2
(STA.110  STA. 290) (STA. 290 STA. 390) 4-4

4-4
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421
(horse shoe shape) 4-5
STA. 0 (control section)
21.02 / (0.52Qmax)
(critical depth) (normal depth) Y<YKYC 0>SC
(steep slope) supercritical
21.02 / (0.52Qmax)
(critical depth) (normal depth) Yc<Y<Yn 0<SC
(mild slope)
subcritical submerge 4-6 4-7
4-2
supercritical 21.02
/ subcritical 21.02 /
submerge
0 lab Data
0 5 10 15 20 QZ(SHS) 30 35 40 45 50

4-5 STA. 0
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(‘wo) uoneas|g

/

40.66

4-6



4-7 submerge flow

chute 1

4.2.2 chute 1
chute 1
(0.52Qmax)
(critical depth)
(control section) STA.0
chute 2

STA. 110

supercritical
STA. 110 4-12

> (1 0.0253)

STA. 110 steep slope steeper slope

64

4-8

2002/
supercritical 4-9 ()
4-9 () 4-9 ()

chute 1 0.17

4-10
411 () 411 ()
( 0=0.02 0=0.17)
YncY<Ye

(steep slope) supercritical

S2
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47

45

44

43

42

41

40

39

38

37

36

35

4-8

chute 1



‘Elevation (cm.)

Elevtion (cm)

0

Critical Depth
Normal Depth
LAB Data

Flow profile Q = 15.36 I/

10 20 30 40 50

60

70

station (cm)

()

Flow profile Q = 23.65 I/s

0 10 20 30 40 50
station (cm)

(F)

60

4-9

70

80

80

90

90

Water Surface Profile

100 110

100 110

0

0

Flow profile Q =20.11 I/s

10 20 30 40

50

60

70

Station (cm.)

Flow profile Q = 40.66 Is

10 20 30 40

50

H

60

70

Station (cm.)

()

80 90
80 90
chute 1

60

100 110

100 110
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chute 2

4-10



Elevation (cm)

45

40

Elevation (cm)
B3

Flow profile

0

Critical Depth

Normal Depth
LABORATORY

= 1535 Is

Flow profile Q = 23.65 I/s

120

140

160

180 200 220
Station (cm)

()

4-11

240

Water Serface Profile

260

280

Flow profile

=20.11 1Is

Flow profile Q = 40.66 I/s

120

140

160

180 200

220 240

Station (cm.)

()

chute 2

260

68

280
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4.2.3
, 4-13
21.02 |/ (0.52Qmax)
21.02 / (0.52Qmax)
sweep-out endsill ~ STA. 390
4-12
4-14 21.02 / !
sweep-out

4-12 sweep-out
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Elevation (cm)

Elevation (cm)

Jump Computed |
by USBR Chari

Critical Depth TW1
0  LABDaa

Flow profile Q =15.36 Ifs

station (cm)

()

Flow profile Q = 21.02 Ifs

280 290 300 310 320 330 340 350 360 370 380 390
station (cm)

()

4-14

W ater Surface Profile

Flow profile Q = 20.11 Ifs

280 290 300 310 320 330 340 350 360 370 380 390
station (cm.)

Flow profile Q = 23.66 /s

280 290 300 310 320 330 340 350 360 370 380 390
Station (cm.)

H)



4.3

1 2
4

100

90 21.02
,40.66 | (1.01Qmax)
4
Chute block
Sills
Baffle piers  floor block
block block

55

12

3,
3.
H
2
18 3
90 2-20 4-15
4-16
/ (0.52Qmax) 4
50
USBR
()
2 (olid)
(dentated)
dentated 4
chute block endsill
block



Energy loss(%)

Chute 1

4-15

Chute 2

stilling Basin
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STA. 0

(critical depth)

21.02 /

21.02

chute 1

subcritical
/

chute 2

(critical depth)

(0.52Qmax)

(0.52Qmax)

supercritical

74

(control section)



(%) aberusdiad Abisug

Station of Basin (cm.)

nren'T'n ITYTTTTT

[T ri

L p 1

—

~ O 1. <+ o™m» o «d

('wo) sso| Abiau3

40

35

30

25

20

15

10

Q (If)

4-16
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45
2
2.
45.1
32 .. 4 47 . .62 .72 .. 171
4-2
4-3
* () I STA. 490

TW1 (3.2)* TW2 (4.7)** TW3 (6.2)*** TW4 (7.2)% TW5 (7.7)
6.16 (0.15Qmax) +3.84 +5.03 +7.47 +7.87 +8.16
7.27 (0.18Qmax) +3.96 +5.94 +8.56 +9.04 +9.69
8.28 (0.21Qmax) +4.25 +6.02 +9.88 +10.07 +10.26
15.36 (0.38Qmax) +4.64 +6.08 +9.95 +10.53 +11.08
16.46 (0.41Qmax) +4.95 +6.10 +10.04 +10.65 +11.48
16.97 (0.42Qmax) +5.08 +7.26 +10.53 +12.19 +13.91
18.34 (0.46Qmax) +5.12 +7.56 +10.58 +12.85 +13.96
19.32 (0.47Qmax) +5.31 +7.97 +10.98 +13.28 +14.22
19.43 (0.48Qmax) +5.61 +8.01 +11.34 +13.67 +14.36
20.11 (0.49Qmax) +5.74 +8.28 +11.55 +13.78 +14.45
21.02 (0.52Qmax) +6.12 +8.64 +11.82 +13.95 +15.26
22.44 (0.56Q max) +6.32 +8.32 +12.01 +13.17 +14.717
23.65 (0.59Qmax) +6.45 +8.68 +12.24 +13.92 +15.30
26.48 (0.66Qmax) +6.52 +8.71 +12.23 +14.38 +15.59
28.36 (0.71Qmax) +7.09 +8.89 +12.59 +14.53 +15.93
29.33 (0.73Qmax) +6.78 +9.03 +12.55 +14.75 +16.50
30.45 (0.76Q max) +7.14 +9.44 +12.64 +14.94 +16.73
31.75 (0.79Q max) +7.26 +9.86 +12.76 +15.32 +16.78
36.45 (0.91Qmax) +7.31 +9.97 +12.94 +15.45 +16.76
40.66 (1.01Qmax) +7.36 +10.07 +12.94 +14.85 +16.75

*

*k

b USBR

Qmax 100



7

TW2 TW3 TW4 TW5

4-17
2
29.33 | (0.73Qmax) 29.33 |
(0.73Qmax) :
endsill
4-17 () 4-17 ()
TW3 TW4 TW5 40.66
/ (1.01Qmax) 4-17 ()
4-17 () sweep-out
TW2
21.02 / (0.52Qmax) 21.02 /
(0.52Qmax) sweep-out
21.02 |/ (0.52Qmax) 4-18
, A
40.66 |/ (1.01Qmax) 4-19
4-20 '3 3 4
4-19 4-20
4
4-22
2 -
120 USBR (1987)
4
2, 3, 4
4 80

TW1 30



Elevation (cm)

Elevation (cm)

78
it
Critical Depth
-6%-  TWL<32cm) .
W2 (47 cm) Water Surface Profile
TW3<62cm) TWI1 -
" 4(1.2cm)
TW5 (7.7 cm)

Flow profile Q :1536 /s Flow profile Q = 2011 IIs

280 290 300 310 320 330 340 350 360 370 380 390 280 290 300 310 320 330 340 350 360 370 380 390

station (cm) Station (cm.)

() (I
Flow profile Q = 2102 Is Flow profile = 2366 I/s
280 290 300 310 320 330 340 350 360 370 380 390 280 290 300 310 320 330 340 350 360 370 380 390
Station (cm) station (cm.)
() (4)
4-17 ' ' o1 '

( TW1-TW5)



4-20

TW5)

79



90
80
10
60
50
40
30
2
10

15

vl

20 25
Q (Is)

4-21

30

35

Twl@d.2em)
w2 &7 cm)
w3 6.2 cm)
Twd (1.2 cm)
Twd (1.7 cm)

Computed from
USBR chart

40 45

50
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(sjwo) dwnr 1aye AU20|8 A

45

40

35

30

P

Q1)

4-22
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sweep-out
sweep-out (tailwater depth)
4-23
............. (PO SO - T
10 171 11 1
NO SWEEP-OUT ' SWEEP-OUT "
90 ISR
80 g
B , o
oo b b
i® 60 l l l AlOl i } l l J
50 0O - R
10 I 1111
Elevation TWL (3.2'em)
C S T R
20 bl AT
0 5 10 15 20 25 30 35 40 45 50
Q (If5)
()

4-23

sweep-out



4-4
Q9

6.16 (0.15Qmax)
7.27 (0.18Qmax)
8.28 (0.21Qmax)
15.36 (0.38Qmax)
16.46 (0.41Qmax)
16.97 (0.42Qmax)
18.34 (0.46Qmax)
19.32 (0.47Qmax)
19.43 (0.48Qmax)
20.11 (0.49Qmax)
21,02 (0.52Qmax)

2244 (0.56Qmax)
23.65 (0.59Qmax)
26.48 (0.66Qmax)
28.36 (0.71Qmax)
29.33 (0.73Qmax)
30.45 (0.76Qmax)
31.75 (0.79Qmax)
36.45 (0.91Qmax)
40.66 (1.02Qmax)

Qmax

sweep-out

W (32)*

+3.84
+3.96
+4.25
+4.64
+4.95
+5.08
512
1531
+5.61

sweep-out

W2 (47

+5.03
+5.94
+6.02
+6.08
+6.10
+1.26
+1.56
+.97
+8.01

100

TW3 (6.2
+747
+8.56
+9.88
+9.95
+10.04
+10.53
+10.58
+10.98
+11.34
+11.55
+11.82

+1201
+12.24
+12.23
+12.59
+12.55
+12.64
+12.76
+12.94
+12.94

USBR

STA. 490
W (7.2)

+187
+9.04
+10.07
+10.53
+10.65
+12.19
+12.85
+13.28
+1367
+13.78
+13.%

+13.17
+13.92
+14.38
+1453
+14.75
+14.94
+15.32
+15.45
+14.85

WA (7.7)
+8.16
+9.69
+10.26
+11.08
+11.48
+1391
+13.96
+14.22
+14.36
+14.45
+15.26

+14.77
+15.30
+15.59
+15.93
+16.50

+16.73
+16.78
+16.76
+16.75
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0.025 0.030 0.035

1.
4
2.
50 60 70 80
STAQ
4-5
Q I

/

6.16 (0.15Qmax)
7.27 (0.18Qmax)
8.28 (0.21 Qmax)
15.36 (0.38Qmax)
16.46 (041 Qmax)
16.97 (0.42Qmax)
18.34 (0.46Qmax)
19.32 (0.47Qmax)
19.43 (0.48Qmax)
2011 (0.49Qmax)
21,02 (0.52Qmax)
22.44 (0.56Qmax)
23.65 (0.59Qmax)
26.48 (0.66Qmax)
28.36 (0.71Qmax)
29.33 (0.73Qmax)
30.45 (0.76Qmax)
3175 (0.79Qmax)
36.45 (0.91Qmax)
40.66 (1.01Qmax)

$=0.020

2.0130
2.3070
2.57130
4.4000
4.6760
4.8030
5.1430
5.3820
54100
5.5750
5.7920
6.1270
6.3930
1.3820
1.4340
16320
1.8540
8.1040
8.9090
9.4860

Qmax =

90

$=0.025

1.8745
2.1520
2.4000
4.0970
4.3550
44720
4.7870
5.0100
5.0350
5.1870
5.3880
5.6980
5.9570
6.5400
6.9070
7.0900
1.2960
1.5250
8.2685
8.8010

0.040 (

100

(critical depth)

=0.030

1.7699
2.0310
2.2650
3.8670
4.1080
4.2200
4.5160
47250
4.7480
4.8900
5.0805
53120
5.6160
6.6120
6.5070
6.6780
6.8710
7.0860
1.7816
8.2810

STAD (
§=0.035

1.6940
1.9390
2.1620
3.6830
3.9130
4.0150
4.2990
4.4980
4.5200
4.6560
4.8360
51120
5.3420
5.8600
6.1870
6.3500
5.5320
6.7360
1.3960
1.8660

84

0.02
0.0253)

10
(critical depth)

$=0.040

1.6250
1.8605
2.0740
3.5300
3.7500
3.8510
4.1200
4.3100
4.3305
4.4610
4.6330
4.8970
5.1170
56120
5.9240
6.0800
6.2540
3.4480
7.0770
1.5210



4-6

Q
I

6.16 (0.15Qmax)
1.27 10.18Qmax)
8.28 (0.21Qmax)
15.36 (0.38Qmax)
16.46 (0.41Qmax)
16.97 (0.42Qmax)
18.34 (0.46Qmax)
19.32 (0.47Qmax)
19.43 (0.48Qmax)
20.11 (0.49Qmax)
21,02 (0.52Qmax)
22.44 (0.56Qmax)
23.65 (0.59Qmax)
26.48 (0.66Qmax)
28.36 (0.71Qmax)
29.33 (0.73Qmax)
30.45 (0.76Qmax)
31.75 (0.79Qmax)
36.45 (0.91Qmax)
40.66 (1.01Qmax)

Qmax =

2.49
2.18
3.03
458
480
490
5.16
5.34
5.36
5.48
5.65
5.90
6.11
6.59
6.90
1.05
1.23
.44
8.15
8.71

=60
22
2.46
2.69
4,06
425
4.34
457
473
475
4.86
5.00
5.22
541
5.83
6.11
6.25
6.40
6.58
1.2
1.76

100

=10
1.99
2.2
243
3.66
383
391
412
421
428
4.38
451
471
488
5.26
551
5.64
5.78
5.94
6.51
101

STAD (
=80
182
203
222
335
351
358
377
390
39
401
4.3
431
447
482
504
516
5.2
544
5.96
641

)

=90
168
188
2.05
3.10
3.24
331
349
361
3.62
371
3.82
3.9
413
445
4.66
41
4.89
5.02
551
593



Critical Depth (Yc)

Normal Depth (Yn)

4-24

10 20

PR S T T A O

10 20

Q (Fs)

30

=50 cm.

w=60 cm.
=70cm.

=80 cm.
=90 cm.

40

=0.0201

=0.025
=0.030
=0.035
=0.040

Piiirret

40

50

1

0



4-

4-26

1

2.88
3.36
384
432
480

o

=50 =60 ar =80 =90
152.62 162.52 164.80 168.00 172.08
163.12 164.32 166.52 169.56 175.50
164.96 166.10 168.08 171.60 17482
166.68 167.72 169.58 172.36 176.06
168.32 169.26 171.00 173.66 177.26
=0.02
()
= 05.54
5.0 o1 miwerTTHliAlle Ui 1 D ILLLLTIOT T a0 LT I(TITT
45
4.0
3.5
3.0 !

25 UJJU LUTULUII LTHL LTUT B UJLU.U LU UILLLU Y LT LLLLL)LL

150 155 160 165 170 175 180 18
Crest Length (cm)

=100
176.98
178.26
179.46
180.60
181.70

o7



88

4-5 4-6

4-5 4-6
4-24 4-25 ] STAO
20 |
4-24 20 |/ =60
60 . 48 . 4.8
4-25 20/ 48
=0.030 ' 200 1 STAQ
60 . =0.03 STA. 0
submerge
1) 4-26
100

0.25-0.35
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Submerge

0.35

(tailwater)

USBR

89

0.25-

3



(approach channel)

(control section)

LR
(chute)
chute
chute
T
421 4-23
sweep-out
A

4-27

90
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