Title 210 — National Engineering Handbook

Part 650 — Engineering Field Handbook
Chapter 16 — Soil Bioengineering for Streambank and Shoreline Protection
MO650.1600 Riprap Size for Channel Lining

A. The curves in Section MO650.1600.C give the stable riprap gradation for any specific design velocity
from 2 to 20 feet per second (fps). The curves should be read to the nearest full inch for stones of three (3)
inches or larger and to the nearest one-half (1/2) inch for stones under three (3) inches. (Times New Roman
11-point font, flush left)

B. Gradation limits should be set which would permit variation from the average sizes determined rom the
curves. The gradation limits are as follows:

Curve Percent Passing
dioo 90— 100
dss 60 — 80
dso 35-55
das 10-30

B. Two design approaches may be followed.

(1) Only one gradation of riprap available: determine the dso size of the material. Determine safe design
velocity from the riprap curves in M0O650.1600.C. Design channel within this limit. (Times New
Roman 11-point font, flush left, hanging indent)

(2) Several gradations of riprap available: Several trials will be needed for different dso sizes to
determine the most economical design.
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B. Riprap Size for Channel Lining Curves

60 ;!';- ‘\ I —7
Curves give average gradation required for : 5 v
design velocity. y
_ 4 - : =
Gradation percent does not include the mEeme s T
bedding. s iR A
= 7=
% 5 % r 4 £ 1
d75 = Riprap size of which 75 percent (by ey
weight) is smaller. ' 7 A
20 | 1‘-:x - rd Il:'
Example: 7 fps Velocity i U; /it {ii
_ i 1 ¥ RE
d100=7" d75=5" L2 vy g s AW
—an =9H i :
dsg =3" d25=2 i AT
JLIiLl S Y S
: Al f s ]
y | TR ARV i1t
< : 7 =7
6 EEs A
: T QAR
o St T
HHHHE S A e
4 ! I HEREEY AHi LA TS M AR
e H ;-ﬂv‘;;. " o 7 -
- L ",'J‘ 11 I,”b« ’:',. - z < T.!
< § Buw Fammdl wl gurs u T
- ]:'m HE ydun "rzrl RN { JABS T
[&] : 7 ST o : :
£ oSt ]
|. 2 iy 4
- T 4 =)
ks of
[0} A b‘\’
!
& Any
& / dNnd
& 1-;—#—#_ : 22 guzse:
. z i
.8 ’ " {'l’ :|" 1
SR b j
i HAE - T
= z
T 1
R adacisy s :
-3+ : ;
P it ' 1 =
2 3 4 6 8 10 15 20

Design Velocity - Ft.

MO210-650-H, 1% Ed., Apr 2021

MO650-14.A2



Title 210 — National Engineering Handbook

MO650.1601 Manning’s “n” for Riprap Lined Channels
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den = Riprap size of which 50 percent by weight is smaller.
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MO650.1602 Riprap Lined Channel Design Tables

Riprap Lined Channel

d., = 2" B = 3" d. = 4" Gen = 5" d.n = 6"
Bottom 50 50 50 50 50
Width v=2>5,4 v = 6.1 v = 6.7 v=17.8 v = 8.7
Ft : —
Q D Q D Q D Q D Q D
Grade = 2%
2 29 1.23 59 1.75 | 100 2.27 | 198 3.09
3 32 1.14 63 1.65 | 104 2.14 | 203 2.93
4 36 1.08 67 1.55 | 109 2.03
5 39 1.03 72 1.48 | 115 1.94
6 43 1.00 78 1.44 | 122 1.87
8 51 0.96 89 1.36 | 138 1.78
10 60 0.93 | 100 1.31 | 154 1.71
12 68 0.91 { 113 1.27 | 170 1.66
Grade = 3%
2 19 0.91 37 1.3 62 1.71 } 122 233 -} 20% 2.93
3 22 0.85 41 1.23 67 1.61 | 126 2.19 { 206 21
4 24 0.80 45 1.16 71 1=81 | 133 2.08
5 27 0.77 49 1.11 77 1.45 | 140 1.99
6 30 0.75 5 1.07 83 1.40 | 151 1.94
8 37 0.73 63 1.03 97 1.34 | 167 1.84
10 a4 0.71 73 1.00 | 109 1.29 | 186 1.76
12 50 0.69 83 0.97 | 123 1.26 | 205 1,70
Grade = 4%
2 14 0.74 27 1.07 45 1.39 88 1.91 | 142 2.40
3 16 0.69 30 1.00 49 1.31 93 1.80 | 150 2.27
4 19 0.66 34 0.95 54 V.23 98 1.70 | 158 2.17
5 21 0.63 38 0.91 58 1.18 | 106 1.63 | 166 2.09
6 24 0.61 42 0.88 64 1.16 | 113 1.58 | 175 2.00
8 29 0.59 50 0.85 76 T.11 §} 130 1.51 | 196 1.9
10 35 0.58 59 0.83 88 1.07 | 145 1.44 | 221 1.8%
12 40 U.57 68 0.81 98 1.04 | 162 | 1.40
d50 = Riprap size of which 50 percent by weight is smaller.

Depth flow in feet
Capacity in cfs
Velocity in fps

Trapezoidal Cross Section "p"
2:1 Side Slopes e
Ilv"‘

Houou
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Riprap Lined Channel

d - 3“ d - 4" d = 5Il d = Gll d - T!I
Bk 50 50 50 50 50
Width v ==6.1 v ==6.7 v=17.8 v =8.7 v = 9.5
FE
Q D Q D Q D Q D Q D
Grade = 5%
2 22 0.92 i, 1.19 68 1.64 1 110 2.06 | 165 2.49
3 24 0.85 39 172 74 1.54 | 117 1.95 | 175 2 .87
4 27 0.81 44 1.06 79 1.46 | 125 1.86 | 183 2.25
5 31 Q.78 48 1.02 86 1.40 | 134 T.78 | 193 2l
6 35 0.76 53 0.99 92 1.36 | 142 1.72 | 204 2.10
8 43 0.74 63 0.95 | 106 1.29 | 161 1.64
10 50 .72 74 0.93 | 122 1.25 | 183 1,59
12 58 0.70 83 0.90 | 138 1.2Z | 203 1.54
Grade = 6%
2 18 0.81 29 1.06 55 1.45 89 1.82 | 135 2 21
3 20 0,75 33 0.99 61 1.36 08 1.72 | 147 2.09
4 24 0.72 37 0.93 66 1.28 | 104 1.64 | 151 1.98
5 27 0.69 4] 0.90 73 1.24 | 113 1.57 | 161 1,98
) 30 0.67 46 0.88 79 1.20 | 120 V.52 ) 173 1.86
8 37 0.65 55 0.85 92 1.15 | 140 1.46 | 196 1.78
10 44 0.64 65 0.83 | 107 1.12 | 158 1.41 | 220 1.72
12 51 0.63 74 0.81 | 121 1.09 | 175 1.36
Grade = 7%
2 15 0.73 25 0.95 47 1.31 76 1.65 1 114 2.00
3 18 0.68 28 0.89 52 1.22 84 1.56 | 121 1.89
4 21 065 32 0.85 58 1.16 90 1.48 | 130 1.79
B 24 0.63 36 0.82 64 118 98 1.42 | 140 1.74
6 27 0.61 41 0.80 69 1.08 | 105 1.37 | 150 1.68
8 34 0.60 50 0.78 83 1.05 % 122 1.2 § V12 1.61
10 40 0.59 59 0.76 96 1.02 | 140 1.27 | 190 1.54
12 47 0.58 66 0.74 | 107 0.99 { 156 1.24 | 212 1.50
d50 = Riprap size of which 50 percent by weight is smaller.

Trapezoidal Cross Section

2:1 Side Slopes

I!D!I
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v

Depth flow in feet

Capacity in cfs
Velocity in fps
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Riprap Lined Channel

d - 4Il d = 5" d = 6" d = 7" d = 8ll
T 50 50 50 50 50
Width v =6.7 v=17.8 v =8.7 v=29.5 v=10.4
P
Q D Q D Q D Q D Q D
Grade = 8%
2 22 0.88 41 1.20 63 1.51 99 1.83
3 26 0.82 47 1.13 73 1.43 | 106 1.74
4 29 0.78 51 1.06 80 1.36 | 115 1.65
5 33 0.76 57 1.03 87 1.30 | 123 1.59
6 37 0.74 63 1.00 94 1.26 | 133 1.54
8 46 0.72 75 .97 | 110 1.1 1 185 1.48
10 53 0.70 88 0.94 | 127 1.17 | 172 1.42
12 61 0.68 99 0.92 | 142 1.14 | 193 Tad?
Grade = 10%
2 18 0.76 33 1.04 53 131 77 1.57 | 114 1.90
3 21 0.7 38 0.98 59 1:23 85 1.50 } 121 .20
4 24 0.69 42 0.93 65 1,17 93 1.42 | 131 1.71
5 28 0.67 48 0.90 72 1.13 | 102 1.37 | 141 1.65
6 32 0.65 54 0.88 77 1.08 | 109 1.33 | 154 1.61
8 39 0.63 64 0.85 95 1.06 { 128 1.27 § 1137 1.54
10 47 0.62 | 76 0.83 | 108 1.03 | 144 1.22 197 1.47
12 54 0.61 86 0.81 | 121 1.00 | 164 1.20 | 222 1.44
Grade = 12%
2 15 0.68 28 0.93 44 1.17 65 1.41 95 1.70
3 18 0.64 32 0.87 50 }+18 71 1.33 | 102 1.60
4 20 0.61 37 0.83 55 1.04 78 1.26 } 112 1.53
5 25 0.60 41 0.80 62 1.01 87 1.22 | 120 1.47
6 28 0.58 46 0.78 68 0.98 95 1.18 | 132 1.43
8 35 0.57 56 0.76 82 0.95 | 113 1.15 | 152 137
10 42 0.56 67 0.74 96 0.93 | 128 1.17 § 172 1.82
12 48 0.55 77 0.73 | 108 | 0.91 | 146 1.08 | 195 1.29
d50 = Riprap size of which 50 percent by weight is smaller.

Trapezoidal Cross Section

2:1 Side Slopes

IIDH

nny

Depth -flow in feet
Capacity in cfs
Velocity in fps

v
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Riprap Lined Channel

d - 4" d = 5" d = 6“ d = 7" d = 8|I
Bkt 50 50 50 50 50
Width v==6.7 v=17.8 v = 8.7 v=29.5 v=10.4
Ft
Q D Q D Q D Q D Q D
Grade = 14%
2 13 0.62 24 0.84 38 1.07 56 1.28 81 1.54
3 16 0.58 28 0.79 43 1.00 62 1.21 89 1.45
4 18 0.56 32 0.75 49 0.95 69 1.15 97 1.38
5 22 0.55 36 0.73 55 0.92 77 1.12 | 106 1.34
6 26 0.54 42 0.72 61 0.90 85 1.08 | 117 130
8 31 0.52 51 0.70 74 0.87 | 101 1.05 | 136 1.25
10 37 0.51 61 0.68 | 87 0.85 | 116 1.02 | 157 1.21
12 44 0.50 70 0.67 98 0.83 | 131 0.99 | 176 1.18
Grade = 16%
2 22 0.78 34 0.98 49 1.18 72 1.42
3 26 U.73 39 0.92 56 1.12 79 1.34
4 29 0.70 44 0.88 63 1.07 88 1.28
5 34 0.68 50 0.86 70 1.03 97 1.24
6 38 0.67 56 0.84 76 1.00 | 105 1.20
8 47 0.65 68 0.81 92 0.97 | 124 1.16
10 56 0.64 80 0.79 | 106 0.94 | 143 1.12
12 65 0.63 91 0.78 | 121 0.92 | 162 1.710
Grade = 20%
2 18 0.68 28 0.86 40 1.04 58 1.24
3 21 0.64 33 0.81 46 0.98 65 1:.17
4 25 0.62 38 0.78 53 0.94 73 1.12
5 29 0.60 43 0.76 59 0.91 81 1.08
6 33 0.59 48 0.74 66 0.89 90 1.06
8 47 0.58 59 0.72 80 0.86 | 107 1.02
10 50 0.57 Z1 0.71 93 0.84 | 124 0.99
12 57 0.56 80 0.69 | 106 0.82 | 143 0.98
d50 = Riprap size of which 50 percent by weight is smaller.

Depth flow in feet
Capacity in cfs
Velocity in fps

Trapezoidal Cross Section “p"
2:1 Side Slopes “Q"

v

nown
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