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Scour Erosion Around Vertical Embankments and Abutments
in a Rectangular Channel
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Summary

This paper attempts to qualitatively characterize scour erosion processes near USGS

constriction type-I structures with vertical embankments and abutments. The scour

dimensions and rates of sand beds around the structure models were measured in a
rectangular flume. The test results showed that scour took place at a rapid rate at
initial stages, which were followed by a stage of slow and general scour with greater
extends. The maximum scour depth was observed near upstream corner of embank-
ments. Empirical relationships for scour dimensions were derived, that were based on

the results from a dimensional analysis of scour processes.
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Fig. 1. Definition sketch of a USGS cons-
triction type I structure
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’ l W Di D Measuring items ‘
Run | Constriction ’ Flume ater | Dis- ura- Sc |
| depth, |charge,| tion, Scour-} 20U | Angle ! Remarks
No. | model slope cm 1/s min | ing ‘ 1{5{ of
‘ dimension | rates | Gimen- reposc |
! : j sion i
1 | 100-50R-20 | 1500 20.65] 4.6881; | O '
2 | 100-50R-20 | . )
|
3 100~-50R~20 J} 1/500 22,15 6.3206 307 @) O i
4 1 . 17100 2235 -
5 " " 22.3] 7.8172 {
6 " " 24,41 10,8763 307 O O O
7 " 172000 23.2] 8.4481 v O O O
8 100-25R-20 17238  20.3| 4.4704 0 O 0O O
9 1% 1z 23.8] 9.1918 3 O @) O
10 100-25R-10 1/200 23.6] 9.2060 30" O @) O
1 " " 24.0' 9.8404 3 O O o
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12 400~25R-20 1 20.
13 " " 23.
14 200-25R-20 ” 22.
15 " " 23.
16 1C0-25R~10 1/100 21.
17 100-25R-20 ” 22.
18 100-25R~ 5 " 23.
19 200-25R-10 " 21.
20 100-25R-20. [ 10
21 1 1% : 1.
22 100-25R-20 1100 M
23 " Iz Lo
24 " 7 7
25 1 7 ' 1"
26 17 " 1
27 " " [ "
28 1 v il.
29 1 " ‘ 10.
30 p v 0.
31 7 noo | .
32 7 y .
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34 " "

35 " " .
36 " 1"

37 " "

38 " ”

39 1 "

40 " "
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9.8255
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L4030
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10~24cm, HEL 10.8~14.4 I/s9] W9 4. FE
EER RS EERO MES 0.3~0.5 m/sHT},

V. #R o 28

7t R MR

A B B# KER %k Fig. 69 iR
Bkl #IT 52 Table-29) 7gkrl, Table-2¢] A
ob zo] FoA MR (SR 10,9cmols  ofw g
Froude$= 0.18 o[}, o #& &EF H
WIRE (S 2 Al 11,224 ¥iEd #f7
of whe} /) BIELS] SpHkol HHES Aol 2LFst
gt

LU0 S0 Bl st B 4 A B.(Fig.
6 B8 5~20cme] W24 #E5e Ao] agle
te, & Bi/a9l g Fi 0.7691 k. =3, BE
2 2 E A e W9 B 259 Aol

sions o+ W B,/ait 0.4~1.2 BES %2 ngrh,
Table- 2. Hydraulic conditions and scour dimensions
Run No. F,, No| a/d Seour dimensions (em)™ angle of repose
B, | B | L | L | s | S

1

2

3

4

5

6 0.1825 1.5385 20.0 20.6 22.5 40.1 9.8 10.9 27.9
7 0.1468] 1.5748 16.5 19.0 19.0 26.5 7.7 8.9 2¢.1
8 0.12400 2,1505 9.6 9.0 12.8 9.0 4.0 3.8 22,9
? 0.1676 1.6260‘ 17.5 20.0 19.8 23.0 8.5 9.5 25.4
10 0.1658 0.8065 8.5 9.0 10.6 9.2 3.8 3.9 23.4
11 0.1730| 0.7937 8.0 10.2 8.9 10.0 5.1 3.9 20.9
12 0.1267| 2.2222 8.0 12.0 8.0 15.0 3.8 4.6 20.9
13 0.1552) 1.5873 12.0 20.0 20.0 11.0 6.9 9.5 25.4
14 0.1316] 1.7391 9.0 17.0 16.0 10.0 5.4 5.5 17.9
15 0.1476| 1.4925 13.0 20.0 20.2 22.0 6.4 7.5 20.6
16 0.27931 1.5385 10.0j 9.0 12.5 7.0 4.8 4.2 25.0
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17 0.2435 2.3810]  18.0{  19.0]  21.0[  23.2 9.5 9.7 27.1
18 0.2435| 0.5319 5.0 .0 1o 5.0 3.6 3.5 26,6
19 0.2200; 1.2048]  10.0 .0 13.5  10.0 2.4 4.0 24,0
20 0.1488 1.11111  20.00  20.6] 21.5 30.4 11.2]  10.0 25.9
21 0.3153 4.1667|  10.1  16.5 15.0] 20.15 5.6 8.2 39.1
22 0.4507 7.6923 7.00 125 1000 8.0 2.8 1.0 29.7
23 0.1884/ 1.6807)  20.0] 20.4 20.0] 8.5 6.8  10.0 26.6
24 0.1586 1.2658]  18.0]  20.0| 21.0] 22.5 9.8 9.9 28,8
25 0.2050f 1.9608]  10.2]  15.5 19.00 12.5 6.4 7.4 36.0
26 0.155¢f 1.21211  20.0l  18.0f 21,0 18.5 8.9 9.4 25.2
27 0.1671 1.3793  17.0] 10.4 19.5 19.0 6.2 8.0 25.2
28 0.3022] 3.773¢ 8.5 14.5 15.5 14.5 5.6 7.8 42.5
29 0.3561| 5.1282 9.5 10.5|  13.5 8.5 4.0 6.5 34,4
30 0.1851] 1.6000 15.5 20.0 18,5 19.0 7.5 8.1 27.6
31 0.50 9.0 —
32 0.44 9.5 —
33 0.48 7.7 —
34 0. 44 7.2 —
35 0.59 8.6 —
36 0.29 7.0 20.8
37 0.36 8.5 30.5
38 0.36 7.0 23.3
39 0.50 9.5 43.2
40 0.50 8.0 23.7
1) Scour dimensions are defined as in Fig.g.
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Table- 3. Relaitonships for scour dimensions around vertical embankments and abutments

Scour dimensions [ l\g’a{t;)f Scour equations ,(}?cfegfi’?ifé?llé Remarks
Maximum scour depth (S,) 14 | S,/d=0.79(a/d)>*F,>» | 0.75%+
Scour depth at . . 0. 69**
embankments (S,) 14 S,/d=0.73(a/d)>*'F "% 1
Scour width (B)) , 14 B,/d =1.47(a/d)*"'F,3 ] 0. 81*+*
Scour width (B,) |14 | B,/d=1.79(a/d)™*F %% i 0. 85%*
Scour length (L,4-L,) } 14 | (L,4L,)/d=3.98(a/d)o o5 F o5 [ 0.75%* f
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