
1 Riprap Design

Determi,ne the size, thickness, and, grad,ati,on of the rip mp blanket requiled for the stabi,lizati,on of the outer
bank of the chonnel with the follorting pmmeters.

Givcn channcl paramctcrs:
Specific wcight of stonc, ?, : 26kN/m3.
Local dcpth at toc of outcr bank, ilou : 7,6 m
Iocal dcpth at 20 pcrccnt upslopc from toc, duprtopu - 6.1 m
Cha^nncl sidc slopc : 1V:2H : 0 :0.4636 rad 

-

Downstrcam channcl slopc: Ss : 0.00038
Minimum ccntcrlinc bcnd radiu"st R6 :520 m
Avcragc flow vclocity, V :2.2 m/s Surfacc channcl width, 17 : 150 m

Assumc thc following valucs; Spccific wcight of watcr, ? : 9810 N/ms
Anglc of rcposc of matcrial, 4 : 40" : 0.698 rad.
For stability analysis, M/N N 5
*Wc will assumc that thc flow dcpth for thc riprap placcmcnt is 4ou*.

1.1 Sizing

Solving for thc following hydraulic paramctcrs:

A:Wh: (150 m)(7.6m): tt40m2 (1)

(2)P :W *2h: l50m*2(7.6m):165.2m

- Rh: AIP :1L4Ornzlrc5.2m:6.9m

rs : 1 RhS : (9810 n / ma)(AS rn) (0.00038) : 25.72 P a

(3)

(4)



Sharp bcnd corrcrction factor:

Ka : 1 + 2W I Rb: I * 2(150 m) / (520 m) : 1.577

Solving for thc rcprcscntativc riprap diamctcr u.sing thc shcar-strcss cquation:

(5)

d^: Karo

,[IHx 0.047(.y, -7)
_ (1.577)(25.72Pa) x?,mm (6)

/r - :i*{.=rrF x 0.047(26000 Nl*3 - e810 N/*")

L.2 Safety factor calculation

25.72 Pa :0.456rlo:
(2.65 - 1) * (1000 kslms) * (0.075 m) *0.047

6 : ran-1 (sin(0.00038)/ sin(0.467)) : 0.00085 rad x -0.a49"

@:0.894

) - *tan*l (r*##) : *0.14brad av -8.31o

F: tan-l cos(*0.145 + 0.00085)
nv 0.143 rad x 8.19"

(7)

(8)

(e)

(10)

(1 1)

\t (12)

(13)SF
0.894ta.n(0.698)

es 0.986
(0.38) tan(0.6e8) + /i -Tm9aTco.s(0.1a})

Bccausc thc SF is slightly lcss than 1, wc will considcr thc 75 mm riprap un^stablc for thc givcn channcl bcnd

charactcristics, and increase dr* to 100 mm. This results is a SF of 1.105. Thcrcforc, thls sizc of
riprap can bc cnsurcd to bc stablc for thc givcn cha,nncl bcnd charactcristics.

1.3 Thickness

Following guidclinc of Julicn 2018, thc choscn riprap blankct thickness is 3OO mm.

L.4 Gradation

Thc riprap gradation is chmcn for d6s p 100 mm, cquating to d56 nv 80 mm. A gradation curvc for thc
rc.commcndcd riprap matcrial sizing, in accordancc with guidancc from Richardson, Simons, and Laga^ssc

2001 is shown in Fig. 1.
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Figurc I: Gradation curvc for riprap dcsign, with d,m ay 100 mm.

1.5 Gravel ftlter design

If the ripmp is ptaced oaer uniform 0.5 mm sand,, d,esign the grcuet filter requi,rrl to preaent leaching.

t
Ba^sc matcrial sand Riprap

daa : 1.5 mm dao : 140 mm
dso : 0.5 mm doo : 80 mm
drs : 0.17 mm drr : 32 mm

For dcsigning thc filtcr according to thc basc matcrial:

5(0.17 mm) 1dr6n,o. < 40(0.1T mm) _+ 0.g5 m,rrx < dtl,1rr,". 16.gmm

dlo1rrro, < 40(0.8 mm) -+ d6o1rr"o. 12omm

For dcsigning thc filtcr according to thc riprap matcrial:

1/40(30 rnrn) < dt6yr,,u, < t/6(g}mm) -+ 0.T5mm I dt6sr,,u, 16mm

d6oo*un > 1/40(80 rnm) -+ d6o1r,ro, ) 2 mrn

dEis.rro, > 1/5(30 mm) -+ d*6sr,ro, ) 6mm
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Problem 2

Subject: Downstream Hydraulic Geometry

Given - Problem l-0.2
lrrigation canal that conveys 5,000 cfs in a very fine gravel- bed channel.

Find 
:

A. Use the regime relationships to calculate the hydraulic geometry of the irrigation canal.
B. Compare with the hydraulic geometry for stable channels.

Methods/Solution
A. Regime Relationship (Assuming ds = 3 mm)

a. Lacy Silt Factor

$ x l.$$db$s = 1.$${}rn*n}1$ * *"fU

b. Velocity

U * s-?${Qrs#l* * s"?${{s,{sscAsllls4*.rr}r$ - {.sf*ls
c. Hydraulic Radius

ftn * CI.{rqwy*U$ x s-d?{s* 00snfs}1fu1n.rntr*nlu * $.tr*J*

d. Area

"* = t"?sff$.f*os * :.rsts, ss0cfrlw{}-?s}*tl$ * }*s?.*sf$
e. Wetter Perimeter

fl * *-s$#rys * g.Ss{6,flfficfr}t1n * 3S8"}f* /
f. Slope

,$ = S-SSfiSlSr*O*tl$ = S.0ffi$Si3-fflsf$qf , il*Sr3s)*lS ,* $-Sr1$/
B. Hydraulic Geometry for stable channels - Julien and wargadalam (1995)

(Assuming Manning-strickler, ds = 3 mm, r* = 0.047)
a. Depth

& ro S.1S$W.{{'"$'3 nu e"l$S(t{1.$Ssr$s}$.4{*"n*f3*0"s - l.f$rn : S-84f*

b. width

W *r 0"S.I"Sff'$e60.$s"*n"ffi xr S-Stl{}{I"S**r{ss}s.w{"U$*rm}*u.$$t$"S4p}*o.m

b

[,f ** t$$"?rn = *$*f*
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c. Velocity

H n* te. ?,ff'sr{"ffi *$-dY * 14-?{ 141 -Escrna}s.&?t.$$s{re}uo{o"m*?}*"xr

V :c 0.73mf s - z.afifs

d. Slope

,S x* 1$.4S*'1d.rl.u = t!-d{L*1-S$nwe#}*i{-Uc*mX$.ser}r.} * I".3mt**{

C. Comparison

Assuming that this system is a wide and shallow channel, Rh = h and P = W. See the table below for a

comparison of the hydraulic geometries. The calculated depths were almost identical, and the slopes
have the same relative magnitude, however, the width and the velocities were not similar. Though they
both were off by a factor of 2, which makes sense because both of those parameters are inversely
related in the equation Q=WhV.

Hydraulic
Geometrv

Regime
Relationshios

Julien and
Wareadalam

h

W
V

s

5.74ft
188.1ft
4.6tt/s

6.9x104

s.84 ft
360 ft
2.4ftls

1.3x10-a



Protrlem 3 (Prob. 10.9 in textbook): River Meanderine

Given
Consider the aerial photo of the Red River in Figure P10.7. Locate the channel centerline in the

downstream direction, plot theta as a function of the curve. Define the: valley length 7, tiver
meander length L, sinuosity f), maximum deviation angle 0* and meander width W*. Compate

with various plots of this chapter.

Figure PlS.?. Rcaeh t:f tlre Red River in L*uisiana

Methods
Using google eafth, the location shown in figure P10.7 was found, measurements of the valley

length 7, river meander length L, sinuosity f), maximum deviation angle 0* and meander width

W*werc taken and are shown in figure 1 and table 1. The measured values are plotted against a

sin-generated curve that is a function of the maximum deviation angle, see equation 1.

2nx
0 = 0^cot f

0 : Channel deviation angle at position x from upstream to downstream

x : Distance along the river meander length, L.

(1)

Where:
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Figure 2. Google earth image of the Red River meander bend.
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Figure 3. Sine-generated curve with measured meandering planform geometry
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Discussion
Figure 3 shows a that this measured section of the Red River in Louisiana loosely follows the sine-

generated curve. The first portion of the first bend, from 0 to 2,000 meters, fits the curve quite

well. From 2,000 to 5,000 meters the measured curve deviates upward from the sine-generated

curve, but keeps roughly the same slope. The second bend, from 5,000 to 9,000 meters, follows
the sine-generate curve quite nicely, except for a slight deviation below the sign curve for the last

1,500 meters. Figures 2 and 3 align to show the physical meander locations in relation to the sin-

generated cgrve.

Various plots from River Mechanics (Julien 2015) are shown below. The variables shown in
Table 1 are plotted on these various plots to compare the results with published data. The

variables estimated align nicely with published data shown in figure t0.17, the only outlier is the

minimum radius of curvature curve for this figure. A11 calculated values fall in-between the 60

and 90 degree maximum deviation angle except for TfRnin, this value barley falls outside of this

range. The data aligns nicely to the figure shown in the bottom right, it seems that 7 is greater

than typical values for our given radius of curvature. These errors all seem to be a function of the

radius ofcurvature.
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PROBLEM #4(zoo/o) - RIVER BRAIDING

Solve Problem u.6 - TheJamuna River is a large, braided river with a median grain size of
o.2 mm. The river conveys -48,ooo cms at bankfull flow and the correspondingaverage

bed-material discharge is approximately 2.6 Mtons per day. Estimate the downstream

hydraulic geometry of the river.

lAnswer - Calculate by using Equation (u.3a-e) with Q = 48,ooo cms, d. = o.ooo2 m, and

Qu, = rr.6cmstogive h = 6.7r:rr,W = 2r5oom,V = z.8m/s, S=3.2x 1o-4, andt- = 6. Field

measurementsinTableCSu.5.rindicateh=6.6m,W=Q,Zoom,V=r.7mls,S=7.5x1o5,
which gives t" = 15. The calculated equilibrium slope exceeds the measured slope, and the
stream is suspected to be aggrading and braiding.]

River parameters are given in the following table:

Given;

o 48,000 cms

ds o.2 mm

ds 0.0002 m

ps 2,650 kg/ms

Qo, 2.6 MT/d

Qu, 11.36 cms

Channel geometrywas calculated using the general equation below (Equation 1r.3 in the
RM manual), whereY is the hydraulic parameter of interest, a is a constant, and b, c, and

are exponents for discharge, sediment size, and sediment discharge, respectively.

Y : aQu a3oQ3,

Variablo'($, a ,.l.b 'c: e
h (m) 0.19 0.46 0.13 -0.12

w (m) 1.3 0.62 -0.15 -0.15

V (m/s) 4 -0.08 0.02 0.27

S (m/m) 1.2 4.-77 0.19 0.69

r* 0.14 -0.31 -0.67 0.57



Calculated downstrearn hydraulic geometry using equations n.3(a-e) are con-lpared with
field data frorn CSIr.5.r below. The calculations generally under predicted width, over
predicted veloeig, and over predicted channel slope. This wider width, flatter slope, and
corresponding velocity are in<iicative of a channel that is braiding and aggrading.

Downstream Hydraulic
Geometrv

h 6.69 / m

W 2,587 m

V 2.74 / m/s

S 0.00032 t m/m

f* 5.95

Field Data

4,200

1.7

0.000075

1.5



Problem #5 - Physical Modeling Scales, text problem #12.3

Cose Study 1"2.1., demonstrote the model scales in Table C512.11 are camparoble to those

from Table 12.L

Case Study 12.1 uses the follou,ing model characteristics tabulated in Table CS12.l.l

Table cs I 3. I .1. ('hururttri.t.!it,s o.f thu Junnmu Rirer modc'l

fq$*r X&tr*x.r,r'ex, J$$Si

Fltr**x*{ct Pt*tt"rr5:p* Si:al*- {it*t*r Iddelr

Pirxiele *iee

I)***ity
$l*p*
Ili*harge

Sankfull width
Tt:t*l wicjth

flk:w depth

Sedifirc$t tftrtt.\P*rt

Flo*ij elur*tir:n

F'rr:ude nut::lxr

r/",n = ().2 **
iJ" * ?.*5

Sl=7xlos
(r.. * l{}.0(X} nr'ls&i

= $$,{X}{} rx''fs
Ill, = 3.q191; ,t,

t5.$t){} m

i6=1.3*
{.,r = 1.4 x }{}''} m:/s

f" = ?$ d*},s

Frn * 1;.'1--9"3

do'i 1

{{ * }}u* 1

S' s 0'S1

*, * l0s

y* = 1.St)0

l'. = l"{}{.}{}

:u * X)0

{.r. = ${}

{" * 2,5iX}

fr,. = 0":5

dorr* * *3 stt*l

Sro *'!'$5 '

"L*?x1*-3
g*, * i}.$l m3l*

* {}.$$ xr}ix
1t1,, * 3.3 rtT

l5 nr

ir,,, = S.{}3: m

t! ,,,,= 1.3'l x lU'' ttt'n
I

"ti * t\ !11 ,ll.rr: 't

f,u, * 0.$3 r*ay

Fr,, = $.4*$.8

**.-****""*}

Applying the given model scales to the scale ratios in Table 12.1, using d..:l & m:0.09,
we find the following:

Table
Calculated Value CS12.l.l

Value

t,:6600 t':2500

Parameter

tr

Equations

. - ^-l -0.5,nLr - lr

Qr: Yrxl's*os*

c 
- ^--0.5Jr - Lr

Fr * xl'sm-ozs

c).

S

Fr

Q.:l.58106

s:0.01

Fr:.15

Q': L0* 106

s:0.01

Fr:.25

The scales of time, and Froude # show substantial differences. The case study indicates

that the Froude similitude could not be attained for the model, so this is not greatly

irlporlant.




