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ABSTRACT

A mathematical model was used to study the effect of both
water temperature and side slope on sand bed channel geomstryv
and longitudinal slope. The study has revealed no responses
occurred for both mean width and_ water depth due +to the
change in water temperature over 0 C for canal having median
particle aize ¢ 0.5 mm.

For canals having d:s 3 0.6 mm, mean width decreased and
water depth increased especially from 0 C to about 20 C.

Bed slopes decreased regularly with the increasing value
of water temperature. Statistical analysis was used to fit
this variation.

Both mean width and water depth decreased and bed slope
increased with the increase of the channel side slope.
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INTRODUCTION

The design of stable canal in alluvial material is the
optimum aim of +the irrigation engineer. Many different
methods are given 1in literature, among these methods are the
tractive force method, the regime theory and the live bed
approach.

In contrast +to +the regime theory, Chang (1980) has
proposed +the minimum atream power concept. His method
underpredict appreciably the mean width for large canals, but
it provides representative answer to smaller streams(14). The
designed bed channel is flatter than the actual bed, slope
and the design bed level is generally below (3).

White et al (19B2) stated that the mean width, water
depth and bed slope have adopted themselves so <that +the
transport sediment 1is maximized. This hypothesis is
equivalent to the minimum stream power concept, it
underpredict the width of large canal but agreement ie much
hetter for small canal (14).

However an important objective in the channeli design is
to reach a hydraulic geometry that will minimize potentiel
channel bed changes.

The live bed approach for +the design of stable cross
section wes used in thie research work. Calculations wete
neeed on Einetein-Brown's formula and |iu-Hwang's equation.

Although lacey considered canals to be elliptical in
cross sectional shape, other hydraulicians assumed +to be
parabolic in shape (4). Kennedy (1894}, 1Inglis (1930} and
Blench (1957} confirmed +that +the regime section has a
horizontal bed and steep side slope (14). However the
trapezoidal section is an appropriate repreeentation. and
the value of side slope depends on he type of bank soil.

Iin this research work, trapezoidal section was considered
with side slope (horizontal: wvertical) 2:1, other side slopes
were also considered for canal having dsig = 0.05 mm +to show
the influence of side slope on +the section properties of
channal in regime.

Ten values of actual discharge ranged from 0.15 m3/sec.
to 9.33 m?/.9ec. and their corresponding mean width, weter
depth were incorporated into the model these section
properties having median particle size varied between 0.05 mm
and 0.1 mm (very fine sand).
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Differsnt degrees of sand bed roughness were also tried,
i.e. fine sand, medium sand and coarse sand (9). The actual
mean widths and water depths were used as initlal values for
computations to get the designed mean width, water depth and
bhed slope for every corresponding median particle size. For
the study of water temperature effect, +the sediment
concentration was considersd to be 50 p.p.m.

THEORETICAL CONSIDERATION

Two equations were used in the design of gstable cross
section as mentioned before, Elnstein—- Brown's formula (6)
and Liu—- Hwang equation {10,11).

1-Einstein- PBrown's formula is given by:

Je
] S e mmme e (1)
Fv'g(fs - 1) dg2
¥

in which;
i} = dimensionless measure of bed load;
g: = sediment discharge in volume per unit time and width;
de = bed material gize;
b4 = gpecific weight of water;
¥e = specific weight of bed material:; and
F = settling veloclity representation term which 13 given

by:

Sz 36 U ; 36 V¢

= f = 4 mmme———————ee -} mmmmmm—————e- ceee (2D
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where, (V) 13 kinematic viscosity of water and i1t is based on

water temperature. Values of dynamic viscosity and specific
weight of water decrease with the increasing vaiue of water
temperature.

® 1s related to the entrainment function §, which i3
given by:



C., 14 Zidan, Abdel Razik Ahmed

where , T, = average shear stress on +the channel watted
perimeter.
P = K| Pods i et i i st s s e e s (4)

K; and K: are constants to be determined from field data

2= Liu and Hwang's formula is given by:

V = Ca BY 8Y ittt e e (5;
in which;

V = mean velocity of water in m/sec.;

R = hydraulic radius m;

] non—-dimensional slope; and

C,, X, ¥ ara coefficients depend on the median particle size
of bed material and bed formatieon and are obtained from
charts.

The bed material d; was considered +to be the median
particlie size (dsp), the model was based on lower regimae

{ripples and dunes) , although ripples and dunes show som&
differences, but thelr geometric appearances show remarkable
similarities ([B). However there is still considerabls

interest in invastigating the relationship between suspendid
sediment and bed forms (1}

The two equations have provided simulated mean width,
water depth and bed slope, for large extensive field data, to
an acceptable degree of accuracy {12).

RESULTS AND ANALYSES:

Generally no responses coccurred in both mean wildth and
water depth due to the change of water temperature over 0oC
for canals having dso = 0.05, 0.1, 0.2, 0.3, 0.4 and 0.5 mm
Canals having medlan particle size dsg = 0.6 mm and 0.7 mm
showed ne change 1n both mean width and water depth over 100C
for any value of water discharge

Mean Width:
The minimum width of straight alluvial channel with or

without sediment load is a function of the tractive force and
sliding strength of +the Dbank s0il, 1.es. it dependa on
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specific weight of water and viscosity.

For Q@ = 9.33 miysec. and dgp = 0.6 mm, the mean width
decreased from 10.26 m at 0°C to 10.0l m at 100C (2.4 %).
Canal having daig = 0.7 mm with the same discharge, +the mean
width decreased from 12.26 m at ©0o°C 4o 12.0! m at 108C
(2.1%).

Canals having dsgo = 0.8 mm and Q = B.5 md/sec, +the mean
width decreased from 11.26 m at 09oC to 11.03 m at 10eC (2.2
%) and at 500C the mean width became 10.78 m (4.4%). For Q =
7.0 m3/ssec, the mean width decreased from B.75 m at 0¢C +to
8.5 m at 10°C (2.9 %) to B8.25 m at 50¢C (5.7 %), and for Q =
.19 md/sec. the mean width decreamed from 7.14 m at 0°C +to
6.8B m at 10°C (3.5 %).

Water bDepth:

For Q = 9.33 mi/8ec. and dsp = 0.6 mm, the water deaepth
increased from 1.49 m at 0oC to 1.57 m at 10°¢C (5.4 %) for
dsg = 0.7 mm with the same discharge, the water dapth
increased from 0.94 m at 0¢C to 0.95 m at 100C (1.1%).

Canals having dsg = 0.8 mm, as +the water temperaturs
canals from 0°C to 20¢C the water depth increased from 0.69
mto 0.71 m (2 %) for § = B.5 missec., from 0.71 m to 0.74 m
(4.2 %) for Q = 7.0 missec. and from 0.74 m to 0.76 m {2.7%)
for Q = 6.19 m+/sec.

No changes occurred in bhoth mean width and water depth
for canals having discharges less than 6.19 mi/sec. and
madian particle size > 0.6 mm.

It may be concluded that a decrease in mean width and
increase in water depth occurred due to the increase ot water
temperature, However these changes in section properties did
not exceed 6% for discharges and median particle aizes under
study.

Bed Slope:

Bed slope decreased regularly with the increassa of water
temperature for any value of discharge and median poarticle
size. Specific function could be +tried +to fit this
variation, logarithmic, polynomial from the first degree +to
the fifth degree, axponential and power functions were tried,

using the statistical computer program "SAS". Pelynomials
from the fourth degree and fifth degree were excluded from
this analysais for providing parameters having no

significance.
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For fine sand (dsg = 0.1 mm) cubic pelynomlal 1is not
sultable to fit the data, lts parameters have no slgnlficance
seven discharge values out of ten, variation of bed slope
with temperature, could not be fltted by thls functicn. at Q
= 9.33 md/sec. prob > T = 0.1595 for X* and prob > T = 0.9052
for X% {( X represent water temperature) Table (1). At Q =
0.15 m2/sac (minimum value) prob »>T = 0©0.0958 for X! and
prob > T = 0.2156 for X:. Table (2).

If Durbin-Watson statistlec (d) is close to 2 the aearrors
are uncorrelated i.e each error is not correlated with the
error immedliately before it, (d) is used +to test +that the
auto-correlatlon is zero and good fit of +the data (13).
Quadratic polynomial has +the biggest multiple correlation

coatficient (R:) for Q = 9.33 m3i/sec. and for Q = 0.15
md4/sec. and Durbin- Watson (d} 1is close to (2). The
alternative function could be the logarithmic function 1t
has Rz = 0.9257 for Q = 0.15 mi/sec, d = 1.62R and

R< = 0.8401, 4 = 1.367 for Q = 9.33 m?/sec. Other functions
exhibited smaller values of Durbin - Watson ccefficlents.

For medium sand (dss = 0.3 mm), statistical analyases
showed that more than one value of water discharge, decrease
ot bed slope wlth temperature, could not be fitted by any of
the statistical function under study. Four values of water
discharge, variation of bed slope with temperature, could nct
be fitted by cubic polynomlal for providing parameters
having no signiflcance. Quadratic polynomial, leogarithmle
and power functions could be used, but logarithmic functicn
has higher wvalues of R2 and Durbin Watson (d) is close to (Z)
Tables (3.4). :

For ccarse sand (dsg¢ = 0.5 mm), statistical program SaS
showed, the change of bed slope with temperature, for two
values of discharge had poor correlation, using any of the
functions under study. Cubic polynomial, gquadratic

polynomial, logarithmic and power functions could be used +to
fit the data,cubic polynomial had the biggest value of R¢ but
logrithmic had the biggest vailue of (d) clese toc 2 for Q@ =
9.33 mi/sec. For Q = 0.15 mdssac. cubic polynomial exhibited
the biggest values of both R2 and (d). Tables (5,6). It
gseems suitable +tc¢ fit the wvariation of bed slope and
temperature elther by cubic polynomial or legarithmic
functicn.

The logarithmic function is given by:
Y = 8 — b LN{X) ottt i tet et it e e e e e (5)

in which; y = bed slope(S) and X = water tempesratur (T) it
was found +that there was no slgnificant difference between
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coefficient (a) and the bed slope at =zero temperature degree
centigrade, the erroer between (a) and S, decreased with the
increase of median particle size, it reached a maximum vaiue
of 7.7 % at dsg = 0.05 mmand 3 % at ds, = 0.5 mm. Sea
equation (6) could be written as:
B = 8o = B LN (T) .\ttt i e et et e e e e e e et iae e {(7)
where, b = coefficlent depends on median particle gize and
water discharge and section properties. Values of (b) are
glven in Table (7).
Quadratic polynomial is given by:
Y=a+ by X+ by X¢ ..... e e e e (8)
or S = a + by T + by T?¢ ... ittt ietaeaaeann (9)
No aignificant difference was found between bed slope at

zero degree and coefficlent (a), equation (9) could be
written asa:

8 = 8g = BT + BaTl oottt e e e (10)

Coefficients b;, b; depend on water dlscharge, median
particle size and section properties.

In the same manner cubic polynemial could be written as:

§ = 8 - BT + by T? = by T3 ... inrnnnn (11)
Values of some polynomial coefficients are given in Table (8)

Figs (1) +through (6) provided logarithmic variation
between bed slope and water temperature for different wvalues
of median particle size under various values of discharges.
The corresponding quadratic polyncmial functions are given in

Figa (7) +through (12). Cubic polynomial wvariations are
demonstrated in Figs (13) through (16). The figures on the
graphs are the discharge numbers, Table (9). These figures

show that guadratic polynomial i3 the Dbest fit for dsp =
0.05, 0.1 and 0.2 mm and the cubic peoclynomial is convenient
for dsg = 0.5 mm.

S5ide Slopa

For the gsame values of water discharge, medlian particle
size {dsy; = 0-05 mm) and water temperature (T = 200C), side
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slope z = 2.0 could exhibit smaller Values of both mean width
and water depth and blgger wvalues of bed slope than the
correspending values at side slope z = 1.5 Table (9).

Flgs (17) +through (20) give +the variation of relative
bedslope §/5, with temperature tfor different values of
discharges, side slope z = 2.0 could provide higher valuea of
5/8S, than z = 1.5 for bigger values of discharge Figs.
(i7.,18) Smaller valuea of discharge may exhibit +the reverse

answer Figs.{19) . However for some discharges, side slcpe
has no effect on the variation of 5/5, with temperature Fig.
(R0). The rate of decrease of S/S5; decreased with the

smaller values of median particle size Fig. (21).

Fig. (22) shows the Influence of a3ide sleope on the
relative bed alope 5/S1g0 . 1n which S(g¢ is the bed slope at
aediment concentration C; = 100 p.p.m.,the difference between
the two curves decresed with the decrease of discharge.

Type of Flow:

The flow was 1in subcritical conditlien, canals having
median particle size dso = 0.05, 0.1, and 0.2 mm showed
negligible change in the value of Froude's pumber (F.) with
temperature. Other values of median particle size showed
decrease in the value of F, with temperature Table (10). The
decrease of F, due to the increase of temperature may make
lower recime (ripples and dunes) te exist at bigger wvaluas
of median particle size. Simon and Senturk - (1977}, satated
that ripples de not form in sand bed sediments greater than
ahout 0.6 mm in diameter (7). However lower regime cou.id
exist at dgs = 0.8 mm wilith maximum value of Fr = 0.37. A
review of the extensive literature on aliuvial channels,
suggests that little is known about the transitien from +the
lower flow regime to the upper (flat and antidunes) flow
regima (2).

Reynold's frictional number Rf increased with the
increase of water temperature Table (10) , when R¢e ¢ 5 +the
bed is described as hydraulically amooth when Ry > 70 the bed
is described as hydraulically rcugh and +the mobility of
sediment particles becomes independent of Re¢ (5,15). The
increase of Ry may change the condltion cof flow from smooth
turbulent to transitional turbulent Rr > 5 <« 70 for very
fine, fine and medium sand and from transitional turbulent *o
rough tTurbulent condition for cecarse sand.
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CORCLUSIONS:

Water temperature may have no effect on mean width and
water depth of canal established 1in, wvery fine, fine and
madium sand.

Increase of water +temperature could decrease +the mean
width and increase the water depth, especially from O0°C +to
about 20¢C for canals having median particle size dspy = 0.6,
0.7 and 0.8 mm (coarse sand). These changes of sectlon
properties could be of a nwgliglble influence.

Bed slope decreased reqularly with the increasing value
of water temperature. Quadratic polynomial was found to it
tbis varlation for very fine and fine sand, while in coarse
sand cubic polynomial was the mosat convenient. However It
was found that logarithmic function could be suitable to fit
the varilation of bed slope wlth temperature for the different
degrees of median particle size.

Side slope has an effect on a channel 1In regime, the
bigger value of side slope (horizonatal : vertical) may give
smaller values of both mean wlidth and water depth and higher
values of bed slope.

Increase cof water temperature decreased +the value of
Froude's number and increased Reynold‘’s frictiomal number
The decrease in Froude's number could give a chance to lower
regime (ripples and durnes) +o exist for canals having
blgger median particle size. The increase of Reynold's
frictional number could change the condition of flow from
amooth turbulent to rough turbulent condition.

It is hoped that the analyses presented in this work are
of some interest +to researcheras 1in the same fileld for
developing a more comprehenslive study.
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NOTATION

The following symbols are used in this paper:

a = coefficlent;
b = mgan width:



Mansouro Engineering Journol (MEJ) Vol. 17, No. 3, Sept. 1992,

=g
o

W

oo
]

e =TT =T . el o N e XN

0 =4
W ) ry

L=l e
LS

(3]

Nk Xl mC G0

o

LI | 1 | | O O 1 S [ O

coefficients;

coefficient;

saediment concentration p.p.m;

degrea centigrade;

water mean depth;

Durhin - Watson statistic:

bed material sire;

median particle size;

settling veloclty representation term;
statistical parameter F - test;
Froude's number:

acceleration of gravity;

constants;

water discharge;

sediment discharge in volume /unit width;

hydraulic radius;
Reynold's number of friction;

multiple correlation coefficient of
determination,
adjustable multiple correlation

coefficlent of determination;
non-dimensional slope;

bed slope at zero temperature degres;
statistical parameter t-test;
temperature;

mean velocity of water;

parameter = temperature T;
coefficient;

function = 5;

coafficient; and

side slope (horizontal : wvertical);

Ggreek letters:

¥

I
v

T
¢
¥

a

w mn hon

specific weight of water:

specific weight of bed materials;
kinematic viscosity of Water;

average bed shear stress;

dimensionless measure of the bhed load; and
entrainment function.
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Tabla (1) Statiatical analyaia, “HAS" prongram
Uner = ¥.33 mifnac, den = 0.1 mm
Analysls of variance Parameter estimate |[Durbin-}lat order
Function ¥ataon jautp-cor-
F proh>F R¢ {R¢ ad) T prob>T| id) relatlon
Logarithmic ! £7.296 |0.0001} 0.8401{0.8234|1ntercep] 40.541|0.000F| 1.387 .181
Y ' LN {X) - &.877)0. 000
Exponential 1100.74% |1.0001] 0.918 }0.9089 Intercep|-75%6.4%6|0.0001] 0.437 0.625
LN(Y) | X - 10.037 |0.0001
L
I
Polynomjal | 87.5&3 |00.0001| 0.5068|0.8954|Intercep 77.554|0.000 | 0.433 0.628
ist dagrae | X - 9.357|0.0001
Y i
Fotynominl i463.127 11,0001 0.9914}0.9893]| Intercep| 179.186|0.0001| 2.207 -0, 322
ind dagree | X = 16.390|0. 0001
b ; b ¥4 9.026| 0. 0001
L
Polyncmial ;2?0.?52 0.000l; 0.9915|0.9878 | Intercep] 139,02]1|0.0001
3rd degres | X - 6.614|0.003 | 2.234 | -0.24
; X¢ 1.574}{0.1595%
i X1 - 0.124]0.9052
power i 43.76% |0.0001| 0.8294)0.8305] Intercep]-339.367|0.0001) ©0.437 0.625
LN{(Y) | LN{X) |- #6.616}0.0001
Table (2) Statlstical anaiysis, "5A5" program
Qatn = 0.15 R faaec, deq = 0.1 mm
Analysis of variance Paramater estimate turbin-|1st order
Function Watson |auto-cor—
F proh>F R« |He adi T prob>T| id) relation
Logarithmiec [125.676 |0.0001| 0.9332}0.9257) Intercep 74.15710.0001{1.379 r.221
Y LN {(X) = 1i.211jo0.00m
Expenential 67.140 {0.0001| 0.881B|0.8687| Interaep|-746.430[0.00011{) . 207 0.100
LN (Y] X -~ R.Is4(G_000!
Polynomial 56.410 G.0001| 0.8624|0.84711 Intercep TA.43810.0001 | 1.157 o.117%
lst dagres | X = 7.311|0.0001
¥ ;
j Polynomial 62.801 0,000 0.9401)|0.9251| Intercep 79.612{0.0001}1.871 —0.471
2nd degree X = 2.945|0.0003
X 3.221|0.0122
i
Polynamial 46.952 ¢.0001 .9527|0.9324] Intercep 70.118{0.0001
3rd degree X = 3.88310.0060(|1.973 ~{1.U52
X 1.92410,0958
X3 b= 1.3R1{0.2156
powar 101.938 j0.0D0O1| 0.9:8%9|0.9099) Intercepi-5A2.974]0.U00Uk 1. 242 0.278
LH(Y) LN(x) |- 10.09%|0.0001
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Table (3) Btatistical apalysis, “3AS" program
QOnax = 9.33 w3 /580, deg = 0.2 =
Analyels ot varlance Parameter eatimate Durbin | ist order
Function Watson |auto-cor-
F prob>F RZ }{R< adj) T prob>T| (d) ralation
Logarithmic | 164,964 |0.000Y( D.9483|0.9425] Intercep 259.615{0.0001 | 1.628 U. 067
Y LN {X) |- 12.844|0.000%
Exponentlal |50.310 0.0001| 0,.B4953|0.8328| Intercap|-1957.819|0.0001 |0.585 0. 446
LH(Y) x - 7.128|0.0001
Polynomial 48.751 0.0001 | 0.8442| 0.8168| Intercep 225.841|0.0001|0._582 0. 443
1at degras X -  &.811|0.000M
Y
Polynomial |139.137 |0.0001| 0.9721|0.9652 Intercep| 376.423|0.001)[1.274 0.23a
ind degree X = 1M.01 |0.0001
Y X2 6.053 |0.003
Polynomial 313.315 |0.000G1] 0.9926|0.9894| Intercep 5868.914|C.0001
3rd degrea X - 11.937|0.0001§2.861 ~J.452
Y xi 6.280|0.0004
X3 -  4.411{0.0031
power 154.7319 [0.0001| 0.9450|0.938%| Intercep —2106.334 0.0001 |1.60 0.078
LE{Y) LN{X) -~ 12.439|0.0001
Table (4) Statistical! analysis, "SAS" program
Quin > 0.15 mi/sec. dyg = 0.3 mm
Analyais of varlance Feramater estimatn purbin—| lat order
Function Watson |aoto-cor—
F proh>F R Rz wdj T prob >T| {(d) rejation
Logarithmlc |[173.366 |0.0001| 0.9508|0.54533] Intercap 261.63 jO0.0001 §1.370 0.171
Y LN {X} = 13.186]|0.0001
Exponantial | 53.268 |0.0001| 0.8555|0.8394] intercep|-1922.877|0.0001 |U.455 0.492
LN{Y) ¢ - 7.2%0|0.00m)
Polynomial 51.02 0.0001 | B.8501]0.8334| intercap 226.249|0.0001 |D.46] 0.488
1st degrea X - 7.143|0.0001
Y
Folynomial |334.159 |0.0001| 0,9801|0.9852] Intarcep| 568.B02|0.0001
Ind degres x - 15.758|0.0001 {0.914 0.324
Xz 9.665 | 0.0001
Polyncmial 3467 .6R1|0.0001| 0.9993|0.9990 Intercep| 1918.U99i0.0001 [1.425 0.1A1
drd degres X - 36.760H]0.N0
Xz 17.28510.0001
X3 - 10.¥77|0.0001
pover 162.996 0.0001| 0.9477|0.9419| Intercep|-2067.276 |0.0001 (1.345 0.201
LH(Y) LN(X) [~ 12.676(0.0001
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Table (5) statistical analysis, “SAS* program
Orax = 9.33 mijpec, deyg = 0.5 mm
. 1
Analysis of varlance Paramatar estimate Durhin-|1st ordarj
Funetion Waston iauto-cor-
F prob>F R¢ | R? wd] T prob>T| (d) ralation
Logarithmic |148.288 |0.0001|0.9429!0.9364| Intercap 517.5756|0.0001|1.364 0.191
Y LN (X} (- 12.177(0.060dN
Exponential | 55.726 |0.0001|0.8610|0.8455| Intarcep|-3747.03 |0.0001 (0.434 |0.511
LN(Y) X 2.466|0.0001
Folynomial 54.5637 {0.0001|0.8586|0.6429| Intercep| 502.384|0.0001(0.436 |0.509
st degrae X - 7.392|0.C000
Y
PFolynomiai 427.901 |0.0001|0.9907|0.9884 | Intereep| 1377.337|0.0001 |0.A52 0.371
2nd dagrae X - 17.616|0.0001
xe 10.685| 0. D00
Polynomial | 5133.725{0.0001|D,9997|0.9996| Intercep| 6282.431|0.0001]1.17 0.26
ard degree X - 54,311 |¢.000M1
xX¢ 24. 571 | 0.0
X3 ~ 14.800|0.00M
pover 144.347 |0.0001|0.9413| 0.9348| Intercap|-3736.262|0.000111 353 0.196
LH{Y) LN{X) |- 12.014|0.0001
Tabie (&) Statistical analyals, “"SAS™ program
Quin 3 0.15 m3/gecC, dyn = 3.5 mm
—/
Analyrim of variances Paramater estimata mirhin-|1at ardar!
Functien Watson |auto—cor-!
F prob>F R R ad) T prob>T| (d) relation !
|
Logarithmic |171.23%9 |U.0001| O0.%301%0.9945| Intercep 544_9B0|0.0001(1.358 0.196
¥ LN (X) |- 13.084}0.0001
Exponant.ial 52.716 |0.0081| 0.8542|0.83R0| intercep|-34958.94 [(.0001 |U.458 0. 490
LN(Y) x - 7.161|0.0001
Polynomial 51.666 (U.Q0001; ©0.8516|0.8352| Intercep 487.610[1. 0001 | 0. 461 0.488
lat dagree Y X ~ 7.1BB|0.0001
Polynomial 343.739 [0.0001] ©.9995|0.9885} Intercep| 1216.414 0.0001| .927 .3212
ind degrea X = 15.943|0.0001
X 9.756R{0.0001
Polynomial 3536.683|0.0001 0.9993{0.9991| Intercep| 4078.784|D.0U001|1.45 3.148
3rd degree x = 36.932 10,0000
Y
xXi 17.274|0.0001
X1 = 10,7300, 0001
povar 166,128 |0.0001| 0.9486|0.942%| Intercep|-3817.162{0.0001|1.347 0.2M
LN(Y) LN{X) |- 12.RB9|U.13001




Mansoura Engineering Journal (MEJ) Yol 17, No. 3, Sept. 1992,

Table (7) Values of (b x 10¢) Iln the aequatlion

|3.785.00]2.93)5.20
R 1 1

5 = 5, —~ b LN(T)

Q mi/aec9.33{8.50]7.00|6.1% 4.66'2.?1 2.33|1.35{0.6 j0.15|Rean

. value

dso mm T

0.03% 2.05(2.78]2.14|2.92|2.772.34|3.61}3.468|3.82|2.61]2.95
G.10 1.99/2.69|2.4211,57{2.68|2.21(3.3013.47[3.86]3.13]2.23
0.20 1.58(3.12|2.563|2.14}3.11|2,90|3.8111.82|3.69|3.A8)1|2.87
0,30 2.30(0.71]3.23[1.22|1.31|2.87|3.88|4.54|3.75|2.87|2.77
0. 40 £1.7712.37{0.80|2.47{2.66{2.27|1.62{1.49[2.86|2.91|2.32
0.50  |3.78)5.00|2.93]5.20]5.2114.68] 6447

|5:3114.6B|6.44{7.27]0.03(6.19|4.67
1 '} 1 L il

for dsp « 0.4 the mean value af (h) decreased with the lncreasing

vaiue af madian particie size.

Table (B) values of polynomial coefficients
§=a-b T+ by T

' dyg '-—— 0.05 mm --ﬁ—-—— 0.1 o ——+—= ().1 e ———-- == 0.3 mm ——=~—q
Q A hy h i a by h» a by by A by h» i

X x x | ox x x x x x x x X

mi/fgec| 10=| 1Of| 10?[10% {1A+ |1O¥ 10 |1af |1p? |[10°® ol 10"
9.33 |2.50(2.48{1.80]4.20/1.79|0.95| 9.2A|1.31]0.57|t6.76| 2.48} 1.71
8.5 3.44:2.34)1.12|5.83|2.41|1.25)12.RR|3.37[2.32}21.70{—-7.14|-1.38
7.0 2.78|1.03j1.28|4,856|2.9712.11}10.87[3.21|2,7/4|19.83 3.411 2.24
6,19 [3.6112.45|1.17|6.34(3.38]|1.98]13.55|4.63}4.30|23,32 ~1.63§-H.23
4.66 [3.43|2.33]1.11;5.81(2.40§1.25{12.82{3,35|2.31|7Z2.17 U.43E—U.55
2.71 [3.04]1.93|1.00)5.20|1.82|0.94{11.95|3.13|1.)&|20.8B5 3.UBl 2.12
1.23 14,2913.84(2.37|7.13/4.29|3.17}15.7314.11|2.84/2R.26| 4.18| 2.AB
1.35 |4.62[4.38(3.45 7.?1i2.96 1.61|17.57]1.01{0.35{33.02| 4.89} 3.37
0.6 4.1503.7112.29 6.37?3.66 2.15|15.25]3.99(2.75{37.79| 4.04|] 2.78
0,15 |4.30)3.84{2.37 ?.q253.92 1.B7|13.74{4.11 2.8¢‘2H.14 4.16| 2.8B7

C.3f
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Table {8} Conted. values of polynomial coeffieients

5=a-by T+b Tt ' s=a-h, T+h-T"=-b T .
ldsg I=--- 0.4 mm ----b-— 0.5 mm -———l--0.am -- : 0.5 mm ~—enwneem—— =
] 1

] a by b2 a by h, a by bia b4 A ;11 by b4
ms 7 x X | x x x X x x x x x x x x
sec 10> 107|107 105 107 109 105 17 | 107 101 104 107 | 107 1011

9,33|19.48|1.91|1.0] 58.01] 4.06| 2.79|19.51| 2.54| 3.15 1.69| 58.08|~5.4 7.12 3.56

8.50|25.98|2.54{1.75 76.64] 5.37 3.69|26.02] 3.39] 4.46 2.23] /6.4 7.1 9.41 4.71

7.00[23.7R|0.09|-0.595| 74.40(10.25|10.65F23.64|-2.53|-9.02 |-6.93| 74.02| 2.9|-13.08|-1%.47

6.19;17.12{2.66| 1.B3 79.69) 5.58| 3.B3|27.17| 3.3535| 4.89 2,36| 79.79|7.43 9.80 4.91

4.66(17.03[2.96) 2.13 80.63] 4.%5| 3.01)17.1 4.31| 6.49 3.59] BQ.72(6.74 .80 4.77

2.71(14.89|3.44; 1.567 71.751 5.0%| 3.45|24.93| 3.135) 4.19 2.15| 71.84|56.568 a.4a1 4.41

2.33133.11|4.35) 3.9 9H.80] 6.92| 4.75{32.44|-8.49p37.46 [34.09] 98.92]|9.20; 12.11 .06

1.35)38.2313.75) 2.57 {111.45; 7.80| 5.36|36.29| 4.99| 6.58 3.30]111.58|10.4; 13.87 6.84

0.60]31.34|3.07) 1.11 90.82]11.67)14.96|31.39| 4.09| 3,40 2.71| S0.62|7.68 2.10|-102.59
|

0.15i31.94 3.13{ 32.15 94.91] 6.55) 4.56]31.99} 4.17| 5.50 2,76} 95.03|8.84f 11.62 5.M
] j
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Table ( 9 ) Effect of side slope (z) on section properties,

dya = 0.05 mm, Cy = 50 p.p.-m, T = 20 C
alde alopes T = 3:12 aide slopea = = 2:1
Diach. B 1 5 l B 0 { S
No. mJ/pec metre!metra|x 102 | matre metreix 10
1 2._33 11.50 2.01|1.94 9.51]1.B5 2.08
2 B.5 J.78 1.ND0]3.01 F.FRj|1.00 [3.04
3 v.0 10.00f 1.74(2.10 65.25}1.53 2.36
4 6.19 6.64 1.17)2.84 5.93/0.97 ]3.20
5 4,566 g.11 1.42/2.,35 4. B6)1.12 3.03
& 2.71 7.03 1.16}2.84 6.53]1.24 4.58
7 2.33 6,35 1.0712.97 3.60}/0.82 3.59_
8 1.35 4.57| 0.66}3.B2 4.57|0.66 3.as
9 D.60 4,62 D.75]3.60 3,87}0.87 3.47
10 0.15 4.33} 0.70|3.74 3.58|0.82 A.59 |

Tahle (10) Mexlmum and minimum {F: and R;) due tha change
in water temperature

f T T T T
dsyo 0.U5) 0.01 0.2 0.3 0.4 0.% 0.6 0.7
mm
Fr max 0.11 0.13 0.16 g.1% 0,22 .44 .29 u.32
Fy min 0.11 0.13 0.16 0.18 u.20 0.23 0.36 0.30
R[. 0.81 2.17 65.63 13.21|19.0814Y.27 66 .30 |A6G.06
at 0 C
Rr, 12.40| 6.71 (21.46 |[43.29]62.86{101.30{219.47]280
at BO C i |
e |




