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Overview

= Estimating Channel Velocity

= Method of Maximum Permissible Velocity (soil, riprap, & veg)
= Method of Maximum Tractive force (soail, riprap, & veg)

= Geometric Design of Channels

= Slope Revetment (riprap, gabion, and articulated concrete block)
= HEC-RAS Stable Channel Design Tool
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ESTIMATING CHANNEL VELOCITY




Channel Velocity Estimates

= Average Channel Velocity (Manning’s Equation)

; 1 49 R2/3S 1/2

n
v = Average channel velocity (fps)
R = Hydraulic radius = Area/wetted perimeter (feet)
S; = Friction slope (feet/foot)
S; = S, = Channel bottom slope (feet/foot) for uniform flow
n = Manning’s ‘n’ (roughness) value (see subsequent pages)
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Manning’s ‘n’ Values

= The Manning roughness coefficient is often
assumed constant regardless of flow depth.
At very shallow depths, the effects of the
roughness in the channel bottom are more
pronounced producing higher n-values.
However, assuming the channel bottom and
banks have similar cover, the n-value
quickly decreases with increased depth to
nearly constant until reaching bank full. In
overbank floodplain areas, n-values
typically vary significantly with depth.

Manning’s equation is commonly used to
compute the friction slope (S; at each
cross-section when developing water
surface profiles under gradually varied flow
conditions using the direct-step or standard-
step methods.

© Joseph V. Bellini
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Manning’s ‘n’ Values

© Joseph V. Bellini

e 5-8. Vartes oF tHE Roudanwpse CoRFFICIENT n (conéinued)

Normal

Type ol chiannel and deseription Minimurn Maximuin
oR DBirr-ur CHANNELS
Tetal =
. 8mooth steel surface
1. UUnpainted 0.011 0.012 0.014
2. Painted 0.012 0.013 0.017
. Corrugated 0.021 0.025 0.030
fonmetal
. Cement
1. Neat, surface 0.010 0.011 0.013
2. hMortar 0.011 0.013 0.015
. Wood
I. FPlaned, untreated 0.010 0.012 0.014
2, Planed, creasoted 0,011 0.012 0.015
3. Unplaned 0.011 0,013 0.015
4, Tlank with battens 0.012 .015 0.018
5. Lined with roefing paper 0.010 0,014 ¢.017
. Cloncrete
1. Trowcl finish 0.011 0.013 0.015
2. Float linish 0.013 0,015 0.016
$. FPinished, with gruvel on hattom 0.015 ¢.017 0.0Z0
4. Unfinished 0.014 0.017 0.020
5. Gunite, good section 0.016 a.010 0.023
6. Ciunite, wavy section 0.018 .022 0.025
7. On good excavated rock 0.017 0.020
8. Cn irregular oxeavated rock 0.022 Q.0z27
Conerete bottom flopt finighed with
sides of
1. Diressed stonc in mortar 0.015 0.017 0.020
2. Random gtone in mortar 0.017 0.020 0.024
3. Cement rubble masoury, plastered 0.016 0.020 0.021
4. Cement rubble masonry 0.020 0.025 0.030
5. Dry rubhble or riprap 0020 0.030 0.0435
Cravel bottiom with aideas of
1. Formed concrete 0 o017 0,020 0.025
2. Nandom stone in murlar 0.020 0.023 0.025
3. Dry rubble or Tiprap 0.023 0.033 0.038
Brick
1. Glazaed 0.011 0.013 0.015
Z. In coment mortar 0.012 .05 0.018
Musonry
1. Cemented rubble 0.017 0.025 0.030
2. Dry rubble 0.025 0.032 0.035




Manning’s ‘n’ Values

LABLE 5«b. VALUES OF THE KOUGHNESS UOBFFICIENT n (continued) Tivte &R Virres as mem Danamense O P e
Typa af ahannol and dossriptisn T B Manimuim lype or channel and description Mimmum | Normal Maximum
U: LXCAVATED OR L/REDGED h Mmnptain atrsama, na vegababian in
a. Ejarul' mght. and uniform nl-mturml, 'l"m-.'lm wonally stoop, txces
1, Clean, recently completed D.016 | 0018 | 0 non : and bruch slong banks cubmorged at
2, Clean. after weatherine nn] | nnee | naox Lk g
R Gravel nnifarm sastian, alaan 0099 0.0as 0.020 1. Dutwiu: gravels; coubles, ana Tew | U, Usy U.uau 0,050
4 With chart gease, fone moodo 0.080 0.007 ¢.000 DONIARTS
b. Larth, winding and cluggich 4. Bottom: cobbles with large boulders| 0.040 | 0.050 | 0.070
1. Mo vogetutiva 0.020 | v | u.UsY D-2. Flood plaing
2, (haoey ovius wewly V.Uzd U.usv U.U33 a. Pasture. no brush
9. Dense Weeas of AQUATc plants | 0.U350 0.035 0.040 1. Bhart erase 0 NIk n 020 0.02;5
aeep channels 92 High geace 0.0920 0.00¢ 0.080
4, Earth hottom and rubble sides 0.028 | 0.0%0 | 003 t. Oultivated arsns
5, Btonv bottom and weedv hunks NMA | nns | noan 1, Mo vrwy 0.020 | ©0.000 | U.uRY
6. Cobhla hattam and alsan cides 0Mo | 0.040 | 0.0%0 2. Muburs oW urups V.S v.U3a | U.04d
# Traglina.avaawatad ar Aradgad | 0. IMEUre Deia Crops V. U3 0,040 0.050
1. Mo vagotation 0.026 | 0,028 | 0,099 ¢. Brush
9, Light biush vi buuhs 0.000 | v.o0v | v.uou 1. Scattered brush, heavy weeds 0.035 | 0.050 | 0070
4 Menk vula 2. Lizht brush and trees. in winter | 0035 | A 0&A | 0 oan
1. Duwoull Aud uniorm 0.025 0.U35 0.040 | . % Tight hrugh and trase, in cumman 0 nan 0080 0.000
. Jagged and irregular 0035 | 0.040 | 0.050 1 4 Madinm #a danea brush, in wintos 0.048 | 0.0% | o0.110
€. Channels not maintained, weeds and , 5. Modium &o demse brusk, in summe: | 0,070 | 0.100 | 0.100
brush uncut : d Taccs
L. Dense weeds. hich as flaw dapth N nzn 0080 0.190 | L. Douss nllluws, sunier, suraigi UL v.Lov U.2w
2 (laan hattar, hrish an cidan 0.040 | 0.0£0 0.000 4. Clearcd 1ana with tree stumps, no| U030 | 0.040 | 0.050
2 Boma, highoot otage of Heme 0.045 0.070 0,110 sprouts
4. Demas bruch, Ligh stugu €000 | 0w | vy i 3. Bame as above, but with heavy| 0.050 | 0.080 | 0.080
D. ¥arvnas Biovans | growth of sorouts
Dr1. Mluor suesiws (wp widin &1 1000 §tage 4 4. Heavv stand of timhor o fow dawn | 00N | 0100 | 0 100
<lw iy i trooe, littla nndargrawth, Asad atags |
@, Streams on plain balow branohes |
1. Clean, straight, full stage. noriftaor | 0 025 A.0an | n 0 £ Bame ao above bub with Qvwd olege | 0,100 | 0,120 ©.100
n nools ieavhiug Luisuglies
2. Rame na ahava bt mare ebance and | 0.020 0.028 ©.040 I D0, Majur suresus (WP Widun &L Noda STage |
waade ~LW IT), Ine n value 18 less than that
2. Cloam, winding, some pecls aud | 0.000 | 0.0t0 | 0,040 tor minor streams of similar deseription,
ahouls because banks offer less effactive resistance. _
# Oawm ao abuyy, bubsvine weeds and | U, Udd U.043 0.050 @. Reeular section with na hanlders nr| 0 095 N NAN
BUNIES hrugh ¥
0. bame as ebove, lower stages, more | 0.040 | 0.048 | (0.055 b Tvagidarand ravghsistion 0.028 | ...,.. 0.100
mettective slopes and sections '
6. Same as 4, but more stones NN4R | Nnnga | o o08d
7. Blneeish rearhes weedy. dasnpanle | nosn | 0.om0 | o oo
R Vary waedy ranchac, daap posls, o |  0.072 0.100 0.120 2
ﬂ'nnﬂmnyu with hoowy stend of diza |
B T e I




Manning’s ‘n’ Values for Gravel/Stone Lined Channels

= Relationship for Manning's roughness coefficient, n, that is a function of the flow
depth and the relative flow depth (d,/Ds,) for gravel/stone lined channels. This
relationship is used to compute Manning’s n in FHWA's HEC-15.

= This equation applies where 1.5 < d_/Ds, < 185.

)

n= a

B d
2.25+5.23l0 / )
{ DSO
= Where,

n= Manning's roughness coefficient

d = average flow depth in the channel, ft

Ds, = median riprap/gravel size, ft

a= unit conversion constant, 0.262 (0.319 (Sl))
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Manning’s ‘n’ Values for Grass Lined Channels

n= CXCjnTO_O-4 — aCn (7RS )_0.4

Table 4.1. Retardance Classification of Vegetal Covers

. 0.107,0.528
C =aC "h

Retardance )
Class Cover Condition where
A Weeping Love Grass Excellent stand, tall, average 760 mm (30 in) )
Yellow Bluestem lschaemum Excellent stand, tall, average 910 mm (36 in) L.
B Kudzu Very dense growth, uncut C,= Grass roughness coefficient
Bermuda Grass Good stand, tall, average 300 mm {12 in)
Native Grass Mixture (little bluestem, Good stand, unmowed . . ..
bluestem, blue gamma, and other long and CS= DenSIty-StIffneSS Coeﬁ|C|ent
short midwest grasses)
Weseping lovegrass Good stand, tall, average 610 mm (24 in) .
Lespedeza sericea Good stand, not woody, 1all, average 480 mm h= Stem helght (ft)
(191in)
Alfalfa Good stand, uncut, average 280 mm {11 in) . .
Wesping lovegrass Good stand, unmowed, average 330 mm (13 a= Un|t conversion ConStant, 0262 (031 9 (SI))
in)
Kudzu Dense growth, uncut
Blue Gamma Good stand, uncut, average 280 mm (11in) t, = Average bottom Shear (psf)
C Crabgrass Fair stand, uncut 250 to 1200 mm (10 to 48 in) 0
Bermuda grass Good stand, mowed, average 150 mm (& in) . . .
Common Lespedeza Good stand, uncut, average 280 mm (11 in) ’)/ = Unlt Welght Of Water, typ|Ca"y 624 #/Cf
Grass-Legume mixture--summer (orchard Goaod stand, uncut, 150 to 200 mm (G to 8 in)
%F:S:a;ezi‘}f’f?- Htshan ryegraey. and commaon Table 4.4 (Sl). Grass Roughness Coefficient, C,, for SCS Retardance Classes
Centipede grass Very dense cover, average 150 mm (6 in) Retardance Class A B C D E
Kentucky Bluegrass Good stand, headed, 150 to 300 mm (610 12 Stem Height, mm 910 510 200 100 a0
in) s
D Bermuda Grass Good stand, cut to 60 mm (2.5 in) height C. 390 &1 47 33 44
Common Lespedeza Excellent stand, uncut, average 110 mm (4.5 Cn 0.605 0.418 0.220 0.147 0.093
in)
Buffalo Grass Good stand, uncut, 80 to 150 mm (3 to 6in)
Grass-Legume mixture—fall, spring {orchard Good stand, uncut, 100 to 130 mm {4 to 5 in) Table 4.4 (CU). Grass Roughness Coefficient, C,, for SCS Retardance Classes
grass, redtop, ltalian ryegrass, and commaon
lespedeza) Retardance
Lespedeza sericea After cutting to 50 mm (2 in} height. Vary good Class A B C D E
stand before cutting. Stem Height, in
E Bermuda Grass Good stand, cut to height, 40 mm (1.5 in} C g gg -%1[ gg ;g ;g
Bermuda Grass Burned stubble 3 - . 3 ;
" Covers classified have been tested in experimental channels. Covers were green and generally Co 0.605 0.418 0.220 0.147 0.093

uniform.
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Depth-Averaged Velocity in Conveyance Tubes
from HEC-RAS (1D, Steady-Flow)
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Depth-Averaged Velocity in Conveyance Tubes
from HEC-RAS (1D, Steady-Flow)

Whitford CC Proposed Plan: Current model 7/21/2010
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Vertically-Averaged Velocity from 2D Flow Model




EVALUATING EROSIVENESS BASED ON
MAXIMUM VELOCITY METHOD




Method of Maximum Velocity — Non-Cohesive Soil

TABLE 7.7

MAXIMUM PERMISSIBLE VELOCITIES FROFOSED

BY FORTIER AND SCOBEY (1926)

Mean velocity, after aging of canals

(d=3/r)
Water transporing
Water noncolloidal silts,
Original material Clear water, no trangporting gands, gravels or
excavated for canals n detritug colloidal sikt rock fragments
fvsec misec | fifsec | msec fv'sec my'sec

1. Fine sand i

{colloidal) 0.02 1.50 D.46 2.50 0.7 1.50 046
2. Sandy loam

{noncollnidal) no2| 175 nsi 2 50 076 2.00 061
3. Sili lowm

(noncolloidal) 0.02) 2.00 0.61 3.00 091 2.00 0.61
4. Allsvial silt

(noncolloidal) n.o2 2.00 0.61 3.50 107 2.00 061
5. Ordinary firm

loam 002 2.50 0.76 3.50 1.07 2.25 0.59
6. Volcanic ash 00z 250 0.7%6 3.50 1.07 2.00 0.61
7. Fine gravel 002 250 0.76 5.00 1.52 3.78 1.14
B. Sudff clay 0.025 3.75 1.14 5.00 1.52 3.00 091
9. Graded, loam to

cobbles

(noncoll pidal) 0.03 3.75 1.14 5.00 1.52 5.00 1.52
10. Adlovial silt

(colloidal) 0.025] 3.75 1.14 5.00 1.52 3.00 081
11, Graded, sill 1o

cobbles

{colloidal) 0.03 4.00 1.22 5.50 1.68 5.00 1.52
12. Coarse gravel

{noncolloidal) 0.025] 4.00 122 6.00 1.83 6.50 198
13. Cobbles and

shingles 0.035| 5.00 152 5.50 1.68 6.50 1.98
14. Shales and hard

pans 0025 600 1.83 6.00 1.83 5.00 1.52




Method of Maximum Velocity — Cohesive Soil
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Method of Maximum Velocity — Vegetation

TABLE 7-6. PERMISSIBLE VELocITIES FoR CranwnegLs LingDp withH Gnrass™

Permissible velocity, fps
Hlops rangs, -
Lo T Erozion-resistant | Easily eroded
anils soils
Bermuda grass -5 & fi
5=10 T ;7
=10 i 4
Buffalo grass, Kentucky blusgrass, -5 T 5
smooth brome, blue grama 5-10 ] 4
>10 & J
(Grass mixture 0-5 5 4
5-10 4 3
Do not use on slopes steeper than 105
Lespedeza  sericea, weeping love 0-5 | 3.5 2.8

grass, ischaemum (yellow blue- | Do not use on slopss steeper than 5%, except for
stem), kudzu, alfalfa, crabgrass | side slopes in & combination channel

Annuals—used on mild slopes or as 0-5 | 3.5 2.5
temporary protection until per- | Use on slopes steeper than 5% is not recom-
manent covers are established, | mended
common lespedeza, Budan grasa

BemMargs, The values apply to average, uniform st
Uge veloeities excesding 5 fpz only where good covers am
obtained.

* U8, Boil Conservation Service [41].




EVALUATING EROSIVENESS BASED ON
MAXIMUM TRACTIVE FORCE/SHEAR METHOD




Method of Maximum Tractive Force
Shear Stress in Fluids

» Fluids (liquid and gases) moving along solid boundary will incur a shear stress on
that boundary. The ‘no-slip condition’ requires that the velocity of the fluid at the
boundary (relative to the boundary) is zero, but at some height from the boundary
the velocity must equal that of the fluid.

» For all Newtonian fluids in laminar flow, shear stress is proportional to the strain
rate in the fluid where the viscosity is the constant of proportionality. However, for
non-Newtonian, this is no longer the case; for these fluids, the viscosity is not
constant. The shear stress, for a Newtonian fluid, at a surface element parallel to a
flat plate, at the pointy, is given by:

C
7(y) = ﬂ@ . {
oy UpF0.9 DU .
» Where
» = Dynamic viscosity
» v =Velocity
Py = Height above the boundary 8o

» Shear stress at the boundary is:

ov
T(y :O) :/ua y=0

‘T—- Turbulent Flow

Lominor Flow

© Joseph V. Bellini HHHH | 19




Method of Maximum Tractive Force
Estimating Average Bottom Shear

From the Momentum Equation for non-

uniform flow: Lateral inflow, g AX e
@(IBZVZ_ﬂlvl)zjal_laz+Wsin9_Ff PR AR AL LA vf’

Solv%_n for the friction force (F) and ;r “““““““““““ , \ 2 /.

considering that the applied shear (tractive) - .4 ; y warn | ‘\ 2 lhc P4

force equals the friction force: A L \\ o /
Ff:TOAO:_g(ﬁzvz_ﬂ%)"’})l_})z"'WSine s . x -

;f :}/hchawcA}/ax]ax B
Assuming negligible change in depth and

) - W=1A
cross sectional area between sections: i
Profile Cross Saction
F =P By =By, FIGURE 7.3
e : Control volume for derivation of unsieady momentum equation.
Therefore: B B y ALsin @ _ pin g
7,4, =Wsin@=yALsin@ 1 To = T /SN
p

Assuming a relatively small friction slope,
the average tractive force on wetted area in

sfis:
P 7, = )RS,
Assuming a wide channel (B/y > 10), where

R ~y, the average tractive force on wetted
area in psfis:

4 :WSO

© Joseph V. Bellini s3EaEss | s 5




Method of Maximum Tractive Force — Applied Ave. Bottom Shear
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Applied Shear on Curved Channels (from USACE)

........

2.98 in, 24 in.

35.92 in.
#‘\ Water surface ,‘zdf /// _j'/’;
P s/

Cighous = 2

riB =167
BID = 1208
@ = 0.85 fi'is
U136 fiis 1, = Cemerline radiug of bend
B = Water-surface width at

upstream end of bend
T, = Average boundary dveas

in approach channel
1= Local boundary shear as

affected by bend

-0.5

(To_)max — 2 6 2

T B

(Bl T = 2.8

r/B= 125
BID=§13
O=1LTR'%s
U= LI0fiss

{b) Rough chanmel

FIGURE 2.135
Boundary shear distributions in curved trapezoidal channels (Ippen and Drinker, 1962).
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Applied Shear on Curved Channels (from FHWA’s HEC-15)

K, =2.00 R /T<2
Tb — sz-d ’ R . ) C
K, = 2.38—0.206( ]fj+0.0073(7‘3j 2<RC/T<1O
>
K, =1.05 R./T=10
where,

t,= Side shear stress on the channel
(psf)

K,= Ratio of channel bend to bottom
shear stress

t,= Shear stress in the approach channel
(psf)

R.= Radius of curvature of the bend to
the channel centerline (ft)

T= Channel top (water surface) width (ft)

Figure 3.3. Shear Stress Distribution in a Channel Bend (Nouh and Townsend, 1979)

© Joseph

v




Method of Maximum Tractive Force — Critical (Permissible)
Shear for Non-Cohesive Soil (from USGS)

Chart 1
D{(in)

008 .01 .08 A0 S0 1.0
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Chart 1. Permissible shear stress for non-cohesive
solls. (after 15)
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Method of Maximum Tractive Force — Critical (Permissible)
Shear for Cohesive Soil (from USGS)

Chart 2
1.
9 - I S O ' J T
S : .
| T O |
EXPLANATION
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0.5 mediun Campact 10 - 30
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/ .
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PLASTICITY INDEX - P.L

Chart 2. Permissible shear stress for cohesive soils.
(after 16)




Method of Maximum Tractive Force — Vegetation & Riprap (from FHWA'’s

HEC-15)

Table 2.

Permissible Shear Stresses for Lining Materials.

Lining Category

Lining Type

Temporarys

Yegetative

_Gravel Riprap
Rock Riprap

Bare 501l

Woven Paper Net
Jute Net
Fiberglass Rowing:
Single
Double
Straw with Net
Curled Wood Mat
Synthetic Mat

Class A
Class B
Class C
Class D
Class E

1=1inch
2-1imch

6=1inch
12-inch

Non-cohesiwe
Cohesive

Permissible 1
Unit Shear Stress
(1b/Ft2) {Kg/m®)
For riprap:
0.15 0.73 p p
0.45 2.20
0.60 2.93
0.85 4,15
1.45 7.08 r = 4 O D
1.58 ?-5? - ° 50
2.00 9.76 )4
3.70 18.06
2.10 10.25
1.00 4.88
0.60 2.93
0.35 1.71
0.33 1.61
0.67 iz
2.00 9.76
4.00 19.52
See Chart 1
See Chart 2

*Some "temporary” 1inings become permanent when buried.
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Design of Stable Channels
North American Green Software Demo (from HEC-15)
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Design of Stable Channels

North American Green Software Demo
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STABLE CHANNEL GEOMETRY




Stable Channel Geometry (from USBR)

Side slopes (USBR)

Dimensions of
trapezoidal sections
(USBR)

TABLE 7.5
SUGGESTED z VALUES
Nature of Bank Material z
Rock 0.2
Smooth or weathered rock, shell 05~10
Soil (clay, silt and sand mixtures) 1.5
Sandy soil 1.5
Silt and loam (loose sancy earth) 20
Fine sand 3.0
Flowing fine and other very fine mzterial =30
Compacted clay 1.5
Noncohesive fiprap material see Fig 7.16
In general, z =1.5~2 are common values.
1 B A=Area d
Z
0]

B 20




Stable Channel Geometry — Freeboard (from PADEP)

Freeboard (Critical Slope Method — PADEP)

= Uniform flow at or near critical depth is unstable due to S = 14.56n°D,
waves present at the water’s surface. C R*”

= Sufficient freeboard must be provided to prevent waves  p _ A4
from overtopping the channel. T

" Flow is considered “unstable” when S is between 0.7S,
and 1.3S.. If unstable flow exists, compute minimum

freeboard as = 0.025V

F = =0.075VD

" For a stable channel, the minimum freeboard should be
25% of the flow depth.

= Generally, freeboard should not be less than 0.5 feet

© Joseph V. Bellini
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Stable Channel Geometry — Ideal Stable Cross Section

From the USBR, ideal section geometry to evenly distribute shear:

Equation for bank curves Equations for geometry Equations for velocity
T 2 (ﬂ' % . 7 1.
y _ dmaX COS( tan ¢ x] dmax = 09—C A _ 2dmax Z _ dmax A) v = l dmax COS¢ 3 S% E(Sln ¢) = (E)(l —ZSIHZ ¢j
 ax 9715 Tan ¢ 2 Tang n\ E(sing)
/e I/< Medion diameter, Dy, in mm
I g ¢ - 4528 1 2 5 10 20 50 100200 500
X g
— | dx Z 40
dm,;“ y=d "'B:
B 8 d{ g’* 385
' 3 [
A ( ..: 30 & Rounded and Anguiar
~/dx 2+dy 2 5 Q Angulor
=25 o
g
Y
y 20 [ | I 1 | 1 1 I ek
O1 002 005.1 02 05 1 2 5 10 32
Fig. 7.28 Elements of an ideal, stable section. Medion diameter, Dgq, , in in.

Fig. 7.16 Angle of repose for dumped riprap (after Simons, 1957).
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Stable Channel Geometry — Ideal Stable Cross Section

Example: d = 2
max
0.9748 ;
Given:
9=9.81 m/s?; S;=0.0006; n=0.022; =1000 kg/m3; D5,=12 mm; _ 0.9 -
Q=10 m¥/sec ‘o= 097x00006x10° " T
2. Compute A
2. T1.85° -
For a given lining type, it was determined that: A =W=6.58m 7.146
3. Compute U
U=_n_022 O—h 1-1gin3¢] gnr 1.147
Solution: )
U =1.017~1.02 m/sec
Compute Q
Ocomp = 1.02%6.58 = 6.71 < 10.00 m™ sec
Compute the discharge of central part
Qeere=10.00-6.71 =329 m*/ sec
Q= Qgiven™ Qcomp Compute the width of the central part B using Manning’s equation, noting
Q) +Q2" Qgomp that
_ _0 Ol 1 p¥Hg y
B chent 5 chem A_Bdmax —;: A“—BXI.SS—T CV—;R Sf
1494 %ish WIREE s0
T max max o 0022x329 _ .
English Metric 1.55** % 0.0006"2
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Stable Channel Geometry — Stable Channel Slope

Where there is insufficient amount of coarse material to develop an armor

layer, degradation will continue until the channel reaches a stable slope.
Refer to example on next page.

o _ 019/ Ve D:(64AgASj”2 Lg_13Dg
' d g g

|7 39 ~ 8AS
where

A, = volume of material to be degraded per unit channel width (sf)
AS=S,-5,

S, = Limiting slope (Meyer-Peter-Muller Method)

d = Mean flow depth (feet)

ds, & dgy = Particle diameter at 50% and 90% passing (mm)

© Joseph V. Bellini
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Stable Channel Geometry — Stable Channel Slope

The limiting slope can be computed from the incipient slope of a sediment
tansport equation or the incipient slope of a stable channel design criterion.

Example 2.2. Given the following data, determine the equilibrium slope by the
three-slope method shown in Fig. 2.1 based on the criteria proposed by
Meyer-Peter and Milller, the 1.S. Bureau of Reclamation, and Shields:

dominant discharge Q = 800 ft*/s

channel width B =400 ft

mean channel depth D =121t

existing stream gradient 5, = 0.0015

bed material d,, = d, = 0.3 mm, dg, = 0.96 mm

Manning's roughness coefficient n = 0.03

original bed elevation = 100 fi
Preliminary studies show that 2000 acre-feet of sand would deposit behind a
diversion dam during the 100-year economic hfe of the structure. Investigations

support the assumption that an egual volume of sand could be eroded from the
downstream channel.

e e




Stable Channel Geometry — Stable Channel Slope

Solution
Meyer-Peter and Miiller method. Limiting slope
Kidso(n/(d))™
S;_ -
D
i o= of 3 the dam
_(019)(03)(003/096%2 _ o o, :;:f]s digindasiini s
1.2 L
% A =3D8AS L =DJi2AS
AS=5,- 5. =0.0015 - 0.000 249 =0.001 25 gy Ay=9D 16445 L,=3D, /845
Ay=3DN3I2A5 Li=3D /4A8
A= —':zmifﬁ 3%0) _ 517 80062 A:= 390,764 5 1= 130,345
iz L2
B (&A[ M) ¥ [(64]{21? 800)(0.001 25)71** _ AT
39 39
13D, (13)(211) _
Le=3as " B(0.001 25) =l
D, 21.1
Li=—%= = 8440 f1
U248 (2)(0.001 25)
3D, (3211
*TBAS  (8)(0.001 25}“'533” - L -
L,=2Ds  _OALD _ )0 SURE 211
445 (4)(0.001 25) graded channel profile by the three-slope method (U.S. Bureau of Reclamation, 1987).
3D? (3211 !z
B -
1= AS (8)(0.001 25) 133 563 ft*
oD (9211
A= 6aas (64)(0.001 25) = 500861
2 2
Ay= o = G)zL1) =33391 ft*

32A5  (32)(0.001 25)
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SLOPE REVETMENT DESIGN




Design of Stable Channels
Slope Revetment

Types of slope revetment:
" Riprap
= Gabion
= Grouted rock
= Pre-cast articulated concrete block




Slope Revetment — Riprap (Safety Factor (SF) Method)

n ':9'—r B 'ﬁr-__
Trapeanids, 2-40-1 side slopes V| ™ Trapezoids, 2-to-1 and
E A etttk Vi 1.540-1 side slopes |
% T H T ) t /
:'g I,J// / Trapezoids, 1.5-10-] side slopes ) )
as o
E_’ I_:H_J - Teapezodds, |-10-1 side slopes X
e | /i |
£ 7/ |
E .u{ {a) On sides () On bottom
‘250123'-456799190:253:5?5910
FIGURE 2.12 fane B0
Forces acting on a particle resting on the side of a trapezoidal channel (Graf, 1971). JURE 2.14 )
vimum shear stress in a channel (Lane, 1953).
gp._ covtay  (Lesin(A+ ) » 7, = Shear along the side
1 tang-+sindcosB n = n slope (from Lane chart
2 above)
217 o057 ® = Angle of repose
n = 5.-1) . 5 anf=r : »  =Angle between
s — )V w50 ( 7 tan ¢)+S'M horizontal & velocity vector

along the slope plane.
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Slope Revetment — Riprap (USBR)

For relatively stable flow (uniform, straight, or mildly curved (curve radius/channel
width > 30)), impact from wave action and floating debris minimal, and little or no
uncertainty in design parameters); stability factor of 1.2.

Based on S = 2.65; use specific gravity correction factor if other than 2.65.

Stability factor is used to reflect the uncertainty in the hydraulic conditions and is
defined as the ratio of the average tractive force/critical shear of riprap. If other
than 1.2, apply the stability factor correction factor in Table 1 below.

0.0017°
Dy, = AN
50 T Mg Ysf d O'SK 15 Table 1. Guidelines for the selection of stability factors
a ! Stability
Factor
Conditi =
Where, 0.5
sin 2 P " Uniform flow; Straight or mildly curving reach (curve radius/ 1.0 - 1.2
D5, = Mean riprap particle size K =|1- channel width > 30); Impact from wave action and floating
50 1 sin 2 ¢ debris is minimal; Little or no uncertainty in design parameters.
C = Correction factor Gradually varying flow; Moderate bend curvature (30 > curve 1.3-1.6
L 2 12 radius/channel width > 10); Impact from waves or floating
V, = Average velocity in channel (fps) . debris moderate.
sg S 1 ) 3 i E
- i — Approaching rapidly varying flow; Sharp bend curvature L6 - 2.0
Da Average flow depth in channel (ft) g (10 » curve radius/channel width); Significant impact

_ potential from floating debris and/or ice; Significant wind
8 = Angle of channel bank s and/or boat generated waves (1 - 2 ft (30 - .61 m)); High flow
(SF) : turbulence; Turbulently mixing flow at bridge abutments;

¢ = Riprap material angle of repose C. = Significant uncertainty in design parameters.

s

1.2

C = Correction factors

© Joseph V. Bellini 40




Slope Revetment — Riprap

COMPACTED, VEGETATED FILL

—2xw - GROUND
—————— TRENCHED TOE

Figure 21. Typical riprap installation: end view
(bank protcction only).

Design considerations

* Rock gradation
* Filter (granular or fabric)
» Bank slope (maximum recommended is 2:1)
» Bank preparation; cleared and grubbed.
* Thickness
* Dygp Or 1.5D5y, Whichever is greater
> 12"
* Increase thickness by 50% for under-water placement

* Increase thickness by 6” to 12” where riprap may be subject to attack
from floating debris, ice, or large waves.

DIRECTION OF FLOW

3T (MIN)

SECTION: A-A

4
()
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Slope Revetment — Gabions

\

DESIGN HIGH WATER
DESIGN HIGH WATER

Figure 40. Rock and wire mattress conligurations (n) mattress
with toz apron: (b) mattress with toe wall: () maitres
with toe wall; and (d) mattress of variable thickness

See section A-A of Migure 39 (or reference.

42
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Slope Revetment — Gabions

Table 4. Standard gabicn sizecs

Table 5. Criteria for gabion thickness.

Wire-mesh
Thickness Width Length Opening Size

{ft.) (fe.) (fe.) (in. x in)
0.75 & 9 2.5 x 3258
0.75 & 12 2.5 x 325
1. 3 [ 3.25 x 4.5
1. 3 9 3.25 x 4.5
i 3 12 325 x 4.5
L5 3 6 175 x 4.5
1.5 3 9 3.5 x 4.5
1.5 3 12 3325 x 4.5
3 3 [ 3.25 x 4.5
3 3 G 3.25 x 4.5
3 3 12 3.25 x 4.5

Maximum Min. Required
Bank Soil Velocity Bank Mattress Thickness
Type (fr.fscc.) Slops (inches)
Clays, heavy
cohesive soils 10 < 1:3 9
13-16 < 12 12
any » 12 = 18
Silts, line
sands 10 < 1:2 12
Shingle with
gravel 156 < 1:3 -]
20 < 1:2 12
any > 12 > 18




Slope Revetment — Grouted Rock

COMPACTED), VEGETATED BAGKFILL

5«
= 4=
«
[ 7y
Lat
=
X
T
—
S
]
(b)
k ﬂ T Ll L] L]
o ] =] 1.1 20
VELOCITY IN VICINITY OF BANK
(T1/sec)

Figure 57. Required blanket thickness as a function

Figure 56. Grouted riprap sections: {a) section A-A; 'nr flow “'Wilh
(b) section B-B; and (c) section C-C,
(refer to figure 39 for section locations)

ot e T e PR R R,




Slope Revetment — Articulated Concrete Block

(b}

Figure 53. Petraflex (a) block detail and
(b) revetment configuration. (see reference
section A-A, figure 39)

DESIGN HIGH WATER

Figure 54. Articulated concrete revetment.
(see reference section A-A, figure 39).




Slope Revetment
Articulated Concrete Block (ACB) Safety Factor (SF) Calculation

) SF - (r _1 f F_'1'Jﬁp_
i i i oy (LFeosd 1 1 F)
, N1 —ag cosfB 4m, (6, /1)) +——F—-T 1=
e e (W,
7, Ie? \\ ‘r'_'t“f_‘---’" e

¢/ Fi I S W, sin 8, ccos By
i Wa

1K1

&+ B+ 0 — 900 or =2 radians

Leed, where:
haoncl
: Y )
\
(a1 Channel cross-secrion (b} P'lan view of unit .
costl, +0)
f - arcta \/
3
\ II=ag
. @ . .
2\ (£y/ 5+ )—=———+sin(@h -0}
Tivof point e \ (£, 1 Ey) /
of rotation L
X e It 7
Overtummyg lorces: F, F, F') FO W FSed cnsf) -t
o s, cosd. ar
- oo &€ 0 _aretan| — L. 1| arcmn[ £
Restrming [orees Fp, W Black projection \ SJ.LIG‘] costh | ; lauﬁi ]
omee 1 molion - : ‘:\N_’ g
SR CRF aané
S e Ty Wertical \uf’-"‘h
N0= Tl T S
{e) Seclion B - B view nornd 1o plane of climnel hank
TFlow——=
4 T "
i o n__r.4.-'.5rsm(ﬁo+3+ﬁ,' !
Tlow dircetion : t T | ALk
— X A5

= \er 6, —sin’ 6,

o At o R

e s B

Notes:

E' —F,—05AZb p V2
=4y AZ b;a P Ve Tdes = To = Ave Bottom

Shear (see Page 18)

1. Critical shear obtained from tests &St &
conducted per protocol in FHWA- o ear (s
RD-89-199 or ASTM 7276-08. 1, %4 (block height Hy=i| = Te = Critical Shear from

. L Fsia s ) ) e testing (see note 1)
2. SF is heavily influenced by LB
protrusion, Az (assumed to be ‘0’ nf\';f" L AR _“_‘*_‘h/_f“k]_ - Note: ‘The equations eannot be solved for @, = 0 (1e.
for tapered b|OCk) renamatie 4 -4 S division by 0): therelore. a negligible side slope must be
(e} Sectien C - C° (ow ducetion normal to page) catered for the casc of UJ = 1.
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Articulated Concrete Block (ACB) Design

Stability in a Hydraulic Jump

Fr |4,
Rt
4.0 - Fr, \d,]
: where FR = Froude ratio
3.5 - c Fr, = Froude number at the upstream end of the hydraulic jump;
3 Fr; = Froude number at the downstream end of the hvdraulic jumyp (at the shuce gate):
30 - d; = flow depth orthogonal to the bed at the downstream end of the hydraulic jump; and
d; = flow depth orthogonal to the bed at the upstream end of the hydraulic jump.

25 i Unacceptable
L
§ N energy loss witha jump LG, - LG,

*energy loss wouta jump  AZ
3 20 - ® Envelope Curve for 50T = .
2 : Block
w 15 where ER — Encrey ratio
. EG, = energv grade elevation at upstream end of the jump:
. [G.= energy grade elevation at downstream end of the jump; and
1.0 1 Acceptable = V. A7 = change in elevarion head from the upstream to downstream end of the jump.
................... .
0.5 - e
0 . o T T T T 1
0 10 20 30 40 50
Froude Ratio
Test Data e TestData - Envelope Curve from Test report

o e TR I,




STABLE CHANNEL DESIGN TOOL IN HEC-RAS




Stable Channel Design Tool in HEC-RAS

The Copeland Method (Copeland, 1994) was developed at the USACE
Waterways Experiment Station through physical model testing and field studies
of trapezoidal-shaped channels. — Applicable to alluvial channels.

The Regime Method is an empirically based technique originally using actual
data gathered by British engineers for irrigation canals in India. A stream is
stable at the design discharge when there is no net annual gain or loss of
sediment through the reach under study. — Applicable for long-term (annual)
simulations.

The Tractive Force Method is analytically based. Channel stability is achieved
as long as the actual shear stress on a selected particle size of the bed
material is less than the critical shear stress (that which just initiates motion of
the selected bed particle size). — Applicable for use channels lined with gravel
or rock.

© Joseph V. Bellini 49




Stable Channel Design Tool in HEC-RAS
Copeland Method

» Defines stability as sediment inflow = sediment outflow

» Inflowing sediment must be established; which can be done by providing a
sediment concentration or by allowing RAS to compute the sediment
concentration by the geometric and sediment properties of an upstream

reach. (Capacity calculation using Brownlies Equation.)

©JosephVBelI|n| 5 5 8 5 8 I 5 5 5 ) 5 M ) R S S S BB B R A R D BN N N eSS NS n SN O S S S S e
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Stable Channel Design Tool in HEC-RAS

Copeland Method

_ioix
Select a stable channel dimenzion to dizplay. Sediment Concentration, ppm = 35076
Bottom Energy Compozite Hud Froude Shear Bed
width [iepth Slope r-value R adiuz Yelocity Murmber Shess Regime

« 2 203 0.006116 0.03a7 1.58 411 042 1.15  Upper

r 4 27 0006173 0.0430 1.62 2.78 0.4 1.07) Lower

{ E 257 0.005388 0.0434 1.64 2.49 0.3 086 Lower

( a 236 0.005093 0.0441 1.62 .33 0.3 078 Lower

8 1o 217 0.004544 0.0444 1.58 2.21 0.3 067 Lower

r' 12 201 0004523 0.0443 1.53 a1 039 062 Lower

("' 14 1.87  0.004534 0.0452 1.49 2.03 0.3 057 Lower

€ 16 1.74  0.004578 0.0453 1.43 2.96 0.4 054 Lower

€ 1a 1.63  0.005067 0.0452 1.37 2.89 0.4 051 Lower

€ 20 1.53 000515 0.0455 1.32 2.04 0.4 0,49 Lower

(@ 22 1.44  0.005258 0.0453 1.26 279 041 0,47 Lower

r' 24 1,37 0.005367 0.0453 1.21 2.74 0.4 046 Lower

(8 26 1.3 0.005492 0.0451 1.16 2.7 042 044 Lower

(8 28 1.23  0.005595 00453 112 2 BR 0.42 043 Lower

r a0 1.18 000572 0.0452 1.03 262 0.43 0,42 Lower

r 32 113 0.005814 0.0455 1.05 26 0.43 041 Lower

r M 1.03  0.005363 0.0443 1.00 256 0.43 0.4 Lower

r K] 1.04  0.006178 0.0453 0,93 253 0.44 0.4 Lower

r 2 1.01  0.006709 0.047a 0.95 247 0.43 0,42 Lower

{ a0 093 0007313 0.0500 0,93 242 0.43 0,45 Lower

e kdinimLm Stream Power e |

f'] 1231 1.93  0.004837 0.0443 1.53 a1 0.39 061 Lower |
Fed text indicates that the * indicates ranzitional regime.
computed slope iz greater than the The default regime was uzed for
uzer-entered valley zlope, indicating K el the computations.

a potential zediment trap.

Minimum
Stream
—— Power —
Optimal for
design
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Stable Channel Design Tool in HEC-RAS

Copeland Method

rve :LE_I[E[’
Plot | Tablel
Slabilily Curvz =
Creyradaliun
| =
X / L
\ / Aggrzdation Mlnlmum
&Y i Stream Power
Ty M— — Optimal for
S o p
design
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Stable Channel Design Tool in HEC-RAS
Tractive Force Method

» Input — Discharge, temperature, specific gravity, angle of repose, side slope, and
Manning’s n.

» Pick 2 of D75, depth, width, and slope to solve; RAS solves the other 2.

Hydraulic Design - Stable Channel Design 5 |E||5]
File Type Wiew Help

Title:  [Stable Charinel Exarnole HD File: |C:4wforkshoos\S edimentheed data wksho k01
River: I 'I Frofile:; I 'I Defaults | Apply |
Feach: I d River Sta: I 'l ﬂﬂ 4 Report.. |

Copeland| Regime  Tractive Force | Stable Channel Design Tractive Force [-

|‘_ b 0.04 I h: 0.04 I hd: 0.04 _’|
— Required Input 2357 Legend
Dizcharge: I‘IDD Temperature; I55 — =
LS5  Bed  RSS {zraund
Specific Gravity:  [265  [265 265
Angle of Repose: {40 |4D 40 204
Can solve for e
E quation: Man - IManj Manj
D 75 a n d a n Of noaork: 0.04 |D.D4 0.04
y 151
—Solve For £
the following , e =i ;
_— &
dismm) [31 [282  [31 Z

pa ramete rS, D: [2.08 w10 5:[ooos 10

Station [ Elevation | Equation | Roughness = |
Slope, depth y Or 1812 (205 [Manning |0.04 ]
_ 2|5 1] Manning | 0.04 054
1 =l 0 Manning | 0.04
Wldth. 4912 206 4|

Copy =5 to Geometric Data... |

00 + . - :
10 5 i 5 10
Station (ft)

Stable Channel Design A esults - Tractive Force Method

Solution Method - Lane

Lo W=

[Depth of Channel (it |
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