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Abstract

Due to the recent requirement of installing low-head structures considering environmental aspects, various types of fixed weir have
been suggested. However, the design guideline of transverse structures for practical application is very limited. The purpose of the
present study is to analyze the hydraulic properties of the fixed weirs installed at the small and middle sized rivers of Korea depending
on the physical specifications to provide fundamental data that may be reflected to the design of a low-head fixed weir considering the
relevant environmental aspects. The basic discharge coefficient of slope-type and step-type weirs depending on change of crest was
estimated, and a stage-discharge curve was developed. In addition, the flow properties under free flow and submerged flow conditions
were analyzed by varying the hydraulic conditions such as discharge and crest.
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Fig. 2. Experimental flume

(a) Slope type weir (b) Step type weir

Fig. 3. Installation of weir model (case 1)
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Fig. 4. Case of slope type weir
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Fig. 5. Case of step type weir
Table 1. Experimental cases
Type Case L(m) Ly, (m) Q (m’/s) B (m) Hyy (m)
1 0.00
2 0.01
Slope 0.20
3 0.02
4 0.04 1.83x 107
~ 0.40 0.10
1 0.05 10.14 x 10°
2 0.06
Step 0.25
3 0.07
4 0.09
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Table 2. Experimental result on free flow condition (slope type)
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Case 1 (107) Case 2 (107) Case 3 (107) Case 4 (107)
3 3 h h h h

m’/s, 10 C | h/H, Cc |n/H, c | h/H,, c, | h/H,,

( ) () W | B/ Hy | h/L () " | h/Hy | h/L () " | h/Hy | h/L () W | h/Hy | h/L
1.83 1.68 | 47.46 | 16.80 | - 1.75 | 44.64 | 17.50 {175.00| 1.90 |39.46 | 19.00 | 95.00 | 2.06 |34.95 | 20.60 | 51.50
2.54 2.02 |49.96 (2020 | - | 2.16 |45.18|21.60 |216.00| 2.35 |39.81 | 23.50 [117.50| 2.51 |36.07 | 25.10 | 62.75
3.40 245 |50.07 | 24.50 | - | 2.56 | 46.87 | 25.60 |256.00| 2.85 |39.90 | 28.50 |142.50| 2.98 |37.32 | 29.80 | 74.50
4.41 291 |5023[29.08| - | 3.02 | 47.4530.20 |302.00| 3.33 |40.98 | 33.30 |166.50| 3.51 |37.87 | 35.10 | 87.75
5.58 330 |52.61 (3298 | - | 3.58 | 46.52|35.80 |358.00| 3.80 |42.54 | 38.00 [190.00| 4.10 |37.96 | 41.00 [102.50
6.92 3.76 |53.62[37.59 | - | 411 |46.90 | 41.10 [411.00| 4.40 | 42.34 | 44.00 [220.00| 4.62 |39.35 | 46.20 [115.50
8.44 422 | 5498 4220 | - | 4.65 | 47.53 |46.50 |465.00| 5.00 | 42.63 | 50.00 [250.00| 5.28 |39.28 | 52.80 [132.00
10.14 470 |56.20|47.00| - | 5.19 |48.43(51.90(519.00| 5.40 | 45.63 | 54.00 |270.00| 5.89 |40.06 | 58.90 |147.25

Table 3. Experimental result on free flow condition (step type)

o Case 1 (107) Case 2 (107) Case 3 (107?) Case 4 (107)
3 3 h h h h

(m/s, 107) (m) G, | h/Hy | h/L () G, | h/Hy | h/L (m) G, | h/Hy | h/L () G, | h/Hy | h/L
1.83 222 |31.24 (2220 | 44.40 | 2.25 |30.62 | 22.50 | 37.50 | 2.30 |29.63 | 23.00 | 32.86 | 2.38 | 28.14 | 23.80 | 26.44
2.54 2.74 | 31.62|27.40 | 54.80 | 2.79 |30.78 | 27.90 | 46.50 | 2.86 |29.65 | 28.60 | 40.86 | 2.87 | 29.50 | 28.70 | 31.89
3.40 3.26 |32.62|32.60 | 65.20 | 3.30 |32.03 | 33.00 | 55.00 | 3.39 |30.76 | 33.90 | 48.43 | 3.40 | 30.62 | 34.00 | 37.78
4.41 3.76 | 34.16 | 37.60 | 75.20 | 3.82 |33.35 | 38.20 | 63.67 | 3.92 |32.09 | 39.20 | 56.00 | 4.03 | 30.78 | 40.30 | 44.78
5.58 426 |35.84|42.60 | 85.20 | 439 |34.26 | 43.90 | 73.17 | 4.49 |33.12 | 44.90 | 64.14 | 4.64 | 31.53 | 46.40 | 51.56
6.92 492 |35.81 |49.20 | 98.40 | 4.99 |35.06 | 49.90 | 83.17 | 5.02 |34.74 | 50.20 | 71.71 | 5.23 |32.67 | 52.30 | 58.11
8.44 5.43 |37.67 | 54.30 |108.60| 5.60 |35.96 | 56.00 | 93.33 | 5.71 |34.93 | 57.10 | 81.57 | 5.82 | 33.94 | 58.20 | 64.67
10.14 5.97 [39.25(59.70 |119.40| 6.17 |37.36 | 61.70 [102.83| 6.24 |36.73 | 62.40 | 89.14 | 6.41 | 35.28 | 64.10 | 71.22

v4og —5 Voo
L e
h hy
Hy Hy
Lu ! ) Lw

(a) slope type

Fig. 6. Free flow parameters for weir type
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7724 x 107 oA} Alofl 1471 550] SIS ATE 54t
AT (Cy) o 9= 7AATE Heot Al HollA] 2+ 22.80
x 107 ~72.86 x107,19.97 x 107 ~ 54.91 x 10”2 JEFIT}
ofgfj o] A2 T B4 A1 FFAA 4 Ao tis)
At} A B Eq. (6)0] Lo 1, /n o] 9]
£60.29 x 10 < (h,/h) < 94.75 x 1070]th, EFF AT
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Fig. 8. Variation of free overflow discharge coefficient versus k/H,; for various crest length
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Fig. 9. Variation of free overflow discharge coefficient versus h/ L for weir type
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Table 4. Experimental equations for free flow condition
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Estimation Equation
Type Case L (m) C —(h/L)
P G, (n/Hy) é
0.0 < h/Hy <1.0
1 0.00 = 0.2715(HL) +0.4339 .
w
2 0.01 G = 0.0873(HL) +0.4374
Slope hU N
3 0.02 Gy = 0.1530(—) +0.3611 C, = 0.0285(—) +0.3623
W L
4 0.04 G = 0.1238(L) +0.3307
Hy,
1 0.05 C,= 0.2153(L) +0.2601
Hy,
2 0.06 = 0.1762(HL) +0.2634 )
Step h” C = 0.1121(%) +0.2590
3 0.07 G, = 0.1880(——) +0.2473
Hy,
4 0.09 G = 0.1608(L) +0.2457
Hy,
Vi . — v¥log
h hy hy L le—s| T
—_ 'd
f f
Hy Ha
< | -+
L\N’ | Lw
(a) Slope type (b) Step type
Fig. 10. Submerged flow parameters for weir type
Table 5. Experimental result on submerged flow condition (slope type)
Q Case 1 (107) Case 2 (107) Case 3 (107) Case 4 (107)
m’/s,10°) | C(Q/Q) ha/h Cy(Q/ @) ha/h Co(Qd @) ha/h Co(Qd @) ha/h
1.83 44.44 82.61 22.80 94.75 47.50 81.82 69.93 60.29
2.54 45.92 85.00 28.89 91.13 42.68 82.99 70.11 61.56
3.40 55.42 75.00 31.33 91.48 51.03 78.15 72.86 62.00
4.41 50.43 78.95 34.47 90.50 50.43 78.45 65.26 69.38
5.58 43.58 84.69 35.70 89.67 55.41 76.65 59.08 73.00
6.92 39.88 86.67 43.07 86.07 54.04 71.55 64.79 69.10
8.44 44.54 84.57 41.59 85.59 59.29 71.20 67.98 64.58
10.14 3221 93.42 41.84 86.71 60.50 73.34 63.11 70.18
h(] ’ d hi : d
Cy= —1.5873 ™ +1.1268 ™ +0.6158 Cy= —4.4644 T +5.9924 o) 1.4283
—9 hd —9 -2 hd —2
60.20x 102 < ™ < 94.72X%10 6) 77241072 < W < 95.92x10 (7
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Table 6. Experimental result on submerged flow condition (step type)

0 Case 1 (107) Case 2 (107) Case 3 (107) Case 4 (107)
(m's,10%) | Q) Q) hy/h Q4 Q) hy/h C(Qd Q) hy/h C(Qy Q) halh
1.83 31.72 90.97 43.03 83.83 23.27 95.20 19.97 95.92
2.54 43.52 85.11 49.31 82.40 28.93 91.86 33.14 89.66
3.40 45.14 84.30 52.76 78.71 31.31 91.34 27.39 93.96
4.41 53.13 77.38 49.64 80.73 34.44 90.61 30.10 93.28
5.58 52.46 78.52 54.91 78.57 35.67 89.46 39.07 88.61
6.92 50.59 78.13 53.71 77.24 39.19 87.31 41.96 87.41
8.44 51.18 79.66 49.01 80.40 42.16 86.36 43.04 86.02
10.14 51.71 80.49 53.68 77.64 40.36 87.76 46.28 82.74
0.8 0.8
0.6 0.6 4
3
\‘4 0.4 4 g 0.4 4
0.2 4 0.2 4
0 T 0 T T
0.5 /73?}7 1 0.7 0.8 hd /h 0.9 1
(a) Slope type (b) Step type
Fig. 11. Variation of submerged overflow discharge coefficient Cy versus h,/h for weir type
0.8 } y 2 }
Cy=—1. 9309(7) +1.6716 )+0 4077

0.6

Cs(Qs / Q)

0.2

—Villemonte(1947)
W step type
A slope type

0.5

0.6 0.7

0?8
hy / h

09

Fig. 12. Comparison of experimental submerged weir data to
Villemonte (1947)
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x 107 (hd/h) < 94.75 x 102<>]n% 7:1] %
< (hy/h) <9592 x 10702 LERT. 6&?%
FASH Wl 1 Ufshs SRR £
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oo 2 SEE A 2 ed Zo g moE

=
Z~0]
T

Aol 2
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