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ABSTRACT

The main ocbjective of this research work 1s study to what
extent sediment load can affect the sand bed channel geometry
i.e. mean width, water depth and bed slcpe. It was found in
this study, +he bed slope Iincreased regularly with the
increasing wvalue of sediment concentration. Statistical
analysis was performed +to get the relationship between bed

lcpe and sediment concentration at different values of
discharges, for canals having median particle size wvaried
between 0.05 mm and 0.5 mm.

Both water depth and mean width could decrease with the
increasing valus of sediment concentration for canals having
median particle size & 0.4 mm.

INTRODUCTION

Fnvircomental considerations are the main difficultiss
that face +the hydraulic engineer in dealing with the design
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of stable chapnel section. The major cbjective is +to avoid
totally lined channels, for economical, ground water recharge
and preservation of wild life habits reasons (4).

A chennel carrying water and accompanying sediment Ilocad
in alluvial or erodible materials can adiust its width, depth
and bed slope, depending on water discharge, sediment load
and the strength of the hank soil.

However an impeortant aim in +the channel design is to
reach a hydraulic geometry that will minimize potential
channe! bad changes (4).

The formation of bed forms has been investigated by many
researchers. The first important contribution in the recent
years was made by Anderson (1953) and fellowed by a
significant development by Kennedy in 19&3.

The study here in was in lowar regime. The bed
formations were ripples and dunes, although rioples and dunes
show some differences but their geometrical appearance have
remarkable similarities (8).

The understanding of ssdiment in suspension is still far
from being satifactory. The suspende=d sediment has been
raelated +to the intensity of the wvertical component of
turbulent eddies. There is still considerable interest in
investigating the relationship between suspended sediment and
bed forms (1).

THEORETICAL CONSIDERATIONS

Although iacey (1930) considered the regime canals are

elliptical in cross sectional shape, other hyvdraulicians
assumed them to be parabolie in shape (3). Lindley (1230)
and Blench (1957) assuted +that the regime section has &
horizeontal bed and steep aide slopes. However the
trapezoidal section seems to be an appropriate representation
to channel in r=gime,. A trapezoidal =ectional shape has
been considered 1in +this study, with side slope 2

{horizontal}: 1 (wvertical ).

Computations were based %n the following two equations:
1 - Einstein - Brown'= formula ({11) which is given by:

Py g (¥:2/8 - 1) 43
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in which;
= dimensionless measure of bed load;
z = gadiment discharge in volume per unit width and
time;
de = bed material size = dsg;
dsgo = maedian particle size;
¥ ¢« = specific welght of bed materials;
¥ = specific weight of water;
q = acceleration due to gravity; and
F = gsettling velocity representation term.

where (¢ i3 the entrainment function

Js — XK
¥ = (mmmmeee Yode o (2)
Te
in which ; T, = average shear stress

Values of K. and X; are constants which could be
detzrmined from field data

2 - Liu and Hwang's formula {10) which is given by:

x v
V=2¢C, R S (4)

in which;

v mean veloclity in m/sec.

R hvdraulie radius m;

8 non-dimensional slope; and

Cs, X and y are coefficients depend on the median
particle size of bed material and bed formation and could be
obtained from charts (11).

1 u b

Using the two equations, for various extenaive data, has
provided  simulated water depths, mean widths and bed gslopes=
to an acceptable degree of accuracy compared with the

corresponding actual properties (12).

Ten values of actual discharges, which varv between 0.15
mi/sec. and 9.33 mifsec: and the corrgsponding values of mean
widths and water depths were incorporated 1into the model
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Table (1). the median particle size d.., varied between 0.05
mm and 0.1 mm. Shape factors for these canals were in the
range between 3.7 and 8.1.

Canals having median particle size 0.2, 0.3, 0.4 and 0.5
mm were Iincorporated in +the model to get thelr section
propoerties using the given actual properties as initial
values for computations

RESULTS AND ANALYSES
Mean Width

Many combinations of mean width, water depth and bed
slope may provide stable canals for a given discharge and
sediment load. i.e for a glven depth, a channel may adjust
its Dbed slope and mean width to reach 2an eguilibrium
condition according to water discharge and sediment lcad.

Most of canals under study, 6 established in bed material
having median particle size diametsr (dsy) ranged betwsen
0.05 mm and 0.4 mm, showed no change in mean width as the
sediment concentration varied from 0.0 to 1000 p.p.m. This
may mean the mean widths have the maximum designed values.

For ¢Q = 7.0 m3/sec. and dso = 0.2 mm ., +the mean width
decreased from 6.25 m at C: = 0.0 to 6.0 m at C; = 100 p.p-m
to 5.75 m at C. = 200 p.p.m to 1000 p.p.m; for d=; 0.3 mm a

W

decrease in mean width occurred from 6.25 m at C. 0.0 to

5.75 m at ¢, = 100 p.p.m to 5.5 m at C. = 200 p.p.m and 300
p.p.m. to 5.25 at C. = 400 p.p.m to 1000 p.p.m.; faor dsa =
0.4 m the mean width decreased from 6.25 m at C; = 0.0 +to
5.25 m at C. = 100 p.p.m toe 5.0 m at C. = 200 p.p.m <o 1000
P.p.Mm.

Yor 0 = 0.15 m3/sec and d:n = 0.4 mm +the mean width
decreased from 3.58 m at C; = 0.0 o 3.233 m at C; = 100 *to
1000 p.o.m.

" canals having dsqo = 0.5 mm, may show an inerease in mean

width with the increasing value of sediment concentration,
Fig. (1), for Q > 2.71 mi/sec,

For Q < 2.71 mi/sec. no responses were ohserved in mean
widths.

However the maximum width at which a channel can function

is not clear. It seems best teo 1imit the channel width
to a minimum value. The minimum width of straight alluvial
cnannegl with or without sgsediment load is a functicn of the
tractive force and sliding strength of +he baak so0il (14).
Centrifugal forces in meander tthannels praduces supar

well
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alevation of the water surface and heliccidal flow, which has
a great effect on erosion, depositiocn and sediment transport
in channeils (9).

Two contradicting views are given in literaturs
concaerning mean width. The first wview states +that the
transport capacity of sediment is a decreasing functien of
width and the second view is the transport capacity increases
as the channel width increases, the second view is shown <to
be lnconsistent with sediment transport formulas (3).

Mean width is a decreasing function of sediment
cancentration €ill dsg § ©.4 wmm and +the channel width
increases with sediment concentration at dsg = 0.5 mm.

Water Depth

Conventicnal formulas of predicting water depth in sand
bed are being far from experience gained from both the
laboratory and the fleld and they do not provide soclutions
for wide range o¢f independent wvariables (2). The modal
tackled these problems by providing simulated water depths to
an acceptable degres of accuracy.

Canals having medjan particle size egual to 0.05 mm and
0.1 mm showed negligible change in water depth due to ths
increase of sediment concentration from 0.0 to 100 p.p.m. and
no responsas in water depth occured at Q = 0.15 mi/sec for
any median particle size.

For Q = 9.33 mi/sec and dsg = 0.05 mm the water depth
dacreased from 1.85 m to 1.77 m ag the sediment concentration
incrsased from 100 p.p.m to 1000 p.p.m. For dse = 0.1 mm,
water depth decreased from 1.144 m to 1.36 m at @Q = 7.0
méssec.; from 1.21 m to 1.0l m at Q = 4.66 m3fsec.; from 0.82
mto 0.78 m at Q = 2.33 mi/sec., and from 0.58 m to 0.54 m at
1.35 mifsec. For dsg = 0.3 mm as the value of C; increased
from 100 p.p.m. to 1000 p.p.m. , water depth decreased from
1.37 m to 1.28 m at Q = 7.0 m3/sec., from 1.09 m toc 1.0 m at
Q = 4.66 mi/zee, and from 0.80 m ko 0.72 m at @ = 2.33
missec.

For dsp = 0.4 mm, water dspth decreased from 1.129 m to
1.2 m at @0 = 7.0 m?/sec, from 1.09 m to 1.0 m at Q = 4.66
mi/sec and from 0.76 m to 0.78 m at Q = 2.33 mi/sec.

For canals having d:e = 0.5 mm and Q > 2.71 mi/gec., tha
water depth decreasad with the increasing value of sadiment
concentration from 100 p.p.m. to 600 p.p.m, for § = §.33

mi/sec. the depth decreased from 1.72 m to 0.68 m; and from
1.08 to 0.69 m at Q = 8.5 m3jgac. For Q= 7.0 mi/sec. the
water depth decreased from 1.21 m toc 0.71 m and from 1.0 m to
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0.73 m at Q = 6.19 m}/sec. No responses have been observed
for other values of discharge less than 2.71 mi/sec.

The percentage of decrease occured in water depths, for
the given values of water discharge, in the range of 10% for
dsa 0.4 mm. It may reach 61% for dsg = 0.5 mm at ¢ = 9.33

mi/gec znd it decreases with the decreasing value of water
discharge Fig. (2).

Bed Slape

Bed slope decreased with the increasing wvalue of water
discharge. The relationships between hed slope snd sedimen:
concentration are given in Figs (3)through (6). More deviat-
ion is observed for dsg = 0.5 mm than other particle sizes.

¥Figs (7) through (12) give the reiationshlps, batween
sediment cancentration (C:;) and bed =lope (3) at 20 C, for
different values of median particle size under various valuses
of discharges. The numbers 1n the figures are related to the
discharge number Table (1).

The bed slope increases regularly with the increasing
value of sediment concentration. A specific function could be
fitted to these variations, logarithmic, polynomial from the
first degree to the fifth degree, exponential and power
functions were tried, using program SAS. It gave the biggest
values of multiple corelation cosefficient of determination
{R2), Tha parameter estimate exhibited also more significanz
values. It was found that the pewer funciticn is the bhest fit
to these relationships. Tables (2) through (5) give samples
of +the output of +the statistical analyses. The power
function is in the form

S = 8 Ca et (5)

Vaiues of ccefficient (a) and (b) are given in Table
{6). The coefficient (a) dec: reases with the increasing wvalue
of water discharge and it increases with inecreasing value ol
median particle size. It does not significantly differ from
the value of bed slope at clear water. The difference betwesn
values of coefficient (a) and bed slope at clear water is
usually less than 10%. Slight varilation of coefficient (b
was noticed with water discharge and median particle size.
T+ could be adjusted +to minimize <the error ©between the
equation given by analvsis and +the proposed relationship
between bed slope and sediment concentration. Se the bed
slepe at any sediment concentation could bhe given by
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very fine sgand (0.05 mm O.1) = 0.33
fine sand (0.1 wmm 0.2 mm) = .33
medium sand (0.3 mm 0.4) = 0.335
coarsa sand (0.5 mm} = .34

Figs. (13) through (22) show the wvariations of 8/834q0
with the szediment concentration (C.). The vaiues of S§/S100
versus C, for dsg = 0.5 mm are shown in the figurss as dashed
curves. It is an increasing function, 1t was also found,
using the statistlcal program “SAS", the best fit of 8/8:00
versus C; 1s a power function. It takes the form:

b
S/S100 = @ Cp eenrneinnianaaana- (7)

Values of coefficients (a ) and (b ) are givem 1in Table
{7). Deviation was observed for dsg = 0.5 mm at wvalues of
discharges > 2.71 m?/sec.

The anvelope curves have a maximum difference of 25 % at
Ce = 1000 p.p-m. which give the deslgner the ability +to
astimate the bad slope at any sediment concentration in term
of hed slope at C, = 100 p.p.m.

Bad-slope varied exponentially with the median particle
size. For C. = 50 p.p.m at 200 € the relationship betwesn
median particle size (dsg) and bed slope (S5) is given by:

6.68B dso

§ = 2.69 x 10-5 g for Q 3 0.15 £ 9.33 m3/sec....{9)
6.67 dsg

§ = 2.38 x 10-3 e for @ 2 2.71 £ 9.33 m3/sec...{1Q0)
6.70 dsp

5= 3.17 x 10-3 =& for @ » 0.15 ¢ 2.33 m3/sec...(11)

Fig. (23) shows the variation of bed slope with median
particle size -for different values of discharges.

Type of Flaw

The flow is a smooth turbulent flow for dse < 0.2 mm the
maximum value of Reynold's frictional number R:s = 3.5 < §.0.
For dss ¢ 0.2 mm the flow is transitional turbulent, maximum
value of Ry = 54.04 < 100. Table (&) provides values of R-
at different valuas of sediment concentration, which epuld
change the state of flow from smooth turbulent to
transitional turbulent condition.

Regular increase in Froude's number (Fr) due to the
increase in sediment concentration was noticed. Haximum value
of (Fr) = 0.34, which could mean that the lower flow regime
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(ripples and dunes) do form in subcritical flow which has
Froude's number Jless than 0.34. Kennedy concured with
Simon-Albertson recommedation (8), that (Fr) should not be
greater than 0.3.

Simon and Senturk (7)) stated that, ripplies do neot form in
bed sediment greater than about 0.6 mm in diameter. Lower
flow regime occurred for canals wunder study having median
particle size dso ¢ 0.5 mm with sediment concentration C, =
1000 p.p.m. For capals having ds;¢ = 0.5 mm rippleas and
dunes could ocecur on the condition that sediment
concentration should be less than 600 p.p.m. lower flow
regqime may form in canals having dso ¢ 0.7 mm with C. K 50

P.p.m.
CONCLUSIORS

Based on this study the following conclusions can be
written:

1 . A set of equations and curves are presented in this
research work which could be of use in the design of stable
canals in sandy bed formations.

2 . Ripples and dunes do form ir canals having mwmedian
particie size ({dsp) less +than 0.5 mm with sediment
concentration (C;) = 1000 p.p.m. They occur in canals
having dsp = 0.5 mm in the condition that C; do not exceed
600 p.p.m. For dse £ 0.7 mm lower flow regime may form aft
Ce & 50 p.p.m.

3 . Lower flow regime occurs in sand bed channels which
have Froude's number less than 0.34

4 . Bed slope is more sensitive to cope with +the change
in sediment concentration than mean width and water depth
this could be observed in increasing the bed slope
without noticeable c¢hange 3in both mean width and water
depth. S

5 . Channels carrying clear water and having dso < 0.5 my
have wider breadths and deeper depths than those carrying
sediment. Both the mean width and water depth decrease with
the increasing sediment concentration. Far ds¢ > 0.5 mm,
increasing the sediment load may increase the mean width and

decrease water depth.

6 . Bed slops increases regulary with sediment
concentration the relationship between bed slope and sediment
concentration is a power function in the form



Mansoura Engineering Journal (MEJ) Vol. 17, Mo. 2, June 1992 C.

where S, is tha bed slope for clear water and b coefficient
depends mainly on the type of soil it ranges between 0.33 for
vefy fine sand to 0.34 for «coarse sand. Values of S/S;¢n
versus (C;) take also a power function.

7 . Bed alope has an exponential relationship with canals
meadian particle size,equations are given for this
relationship.
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The following symbols are usaed in this paper:

coefficient;

mean width;

exponent;

coefficient;

water mean depth;

Durbin -~ Watson statistic;
bed material size;

median particle =size;

statistical parameter F-test;
Froude's number:
accelerlation of gravity;
constants;

water discharge;

]
ra

hydrzulic radius;
Reynold's number of friction;
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determination;

non dimensicnal slope;

bed slope at clear water:
bed slope at C. = 100 p.p.m;
statisztical parameter t-test
mean velocity of water;
parameter = C.;

coefficiant ;

funetion = 8 ; and
coefficient.

U I O Y T T O

k latters

'
1

specific weight of water;

specific weight of bed materiails :
average bed shear stress;
dimensionless measure of the bed load;
entrainment function.

settiing velocity representation term;

sediment discharge in veolume/unit width;

and

Cary, NC:

Channsls";

113,

No.3,

multiple correlation coefficient of determination;
adjustable multiple correlation coefficlent

of
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Table (1) Input field data te computer program

F;isch-No.g 1| 23 E e |5 |6 é 7 4] 8 |9 110

Q ma/sec.%9.33;8.5 7.0 l6.19'4.66(2.71 [2.93]1.35/0.6 |0.15
| i :

|B metre 39.51§7.7a§s.o 75.39i4.86 6.53 3.6 |4.57[3.87(3.3%

| ) | f

‘D metre 1.8150.96%1.29io.93 1.08/1.26 (0.78|0.62§0.91 0.5

{ ' i ! t .
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n

Table (7) Values of coafficients (a) and {b) for 5/8100C = a Cs

Q mo/sec .o 24.66 <9.33/Q ), 2.33¢4.66|Q 3 0.15¢ 2.33(Q 3 0.15
!

PN

|
! ! | 7
{d:—..q an | a } b | a b | a b ! a (
, i i i !
1 1
| 0.05 |0.220 |0.237 |0.233 |0.326 |0.208 |0.328 i0.214 {o.
|
| 0.1 0.210 io.aqo 0.220 |0.328 |0.224 [0.326 10.217 0.
| ]
{ ; -
0.2 0.244 [0.307 |0.235 |0.817 0.232 [0.319 0.238 0.
{ | ! b
0.3 |0.213 [0.337 {0.199 [0.350 [0.216 [0.333 |0.209 ‘o.
| i
;

0.4 10.206 {0.5342 [0.210 (0.341 [0.210 {0.339 '0.209

|
0.5 |0.124 |0.460 |0.160 |0.400 10.209 !0.340 |0.160
| | | i

Table (8) Values of (R¢) and (F,;) at different
values of sediment concentration C.

dso l0.0s | 0.1 | 0.2 | 0.3 l 0.4 | 0.5 |
| mm ( l ' l i ]
| | | | |
IRe }0 139,o 364* 1.098| 2.317) 3.208) 7.024
iCe = 0.0 | , - |
;‘p.p.m | ], | | ! :
! i | I | | | |
inf 0. 391'2 413 ?.427314.333 21.510|46.140/
ICe 0; | | | ; | i
o.pm '. - f '
l 5 { | | } |
e I3.010|3. 509’10.631'2?.751}31.&00554.037{
{Ce =1000] l ! E |
| { | |
lp.p.m ! I. ’ | | ! ;
| | Re | | | I
Ty -0.035'0.1471 0.193/ 0.212] 0.240' 0.260
lce =50 ; | i | ; i
p.p.m | ; : , . ! {
| J| | : i 4 :{
|Fr 10.148{0. 193! 0.220] 0.2501 a.320] 0.240]
'c. =1000| | ! f |

l
|
I




