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Putting these relations -into Egn. (6.11) results
in the function
SE wr1ma)n),
/

or in the general form

=0 - (6.12)

‘'n
Tl = Cz(u-i-(l-'u)A)A

FB

ie.

n n
== €, (at (1-o) )P (142 22/3HB (1 - allzel)y

2 at(l-a)i
n .
1 - 1,23
X 1+/% nz )B (6.13)
1-/%  , 1,2/3
ny

Egn. (6.l3f is identical to .the theoretical
equation, Eqgn. (3.43), with the constants having the

" values, .

A=-2/3
B=1.0

A regression procedure was applied to this

‘relation using the experimental data.
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- 6.5 Experimental Data Fitting

The experimental data have been fitted to the
previously developed diménsionless equations to yield:
(i)‘ For the solution of A: the valﬁes of the
exponents in the equation was found by multiregresqion‘
analysis to be

a=1. , b.

00.85 , and

It

Constant

which compares favourably to the theoretical values of
1-0, _1-0 and 1-110 . -

(ii) -~ For the composite roughness solution, another

multiregression analysis was applied to the dimension

"less terms of Eqgn. (6.28) to give the values of

A =-0.54 , B= 2.0, and the

Constant C2 = 0.8

In comparison to the theoretical values of,—0.66} 1.0,
and 0.5 respectively, it showéd good agreement. The
reason for the deviation is mainly due to.the high |
experimental errors in computing the composite roughness

n.



CHAPTER 7

CONCLUSIONS
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From the forementionea studies and discussion
the following conclusions can be drawn.
1. A=velocity distirubtion for flow in an ice covered

!
channel can be represented by the egquation

o LU . v, .
ug(e) = Voo + 5 Fyley) =V,

(3.20,23)

2. A relation for the separétion line was developed

from the solution of the equation,

/6 0.444 /A -1

R /6
(a+ (1-a)2) ¥/ (3.39)
ny %5 RS RV o
n2.

for which A is considered the independent variable.
3. The composite Manning's roughness coefficient n

can be determined by the relation,

. -

n n
i 2/3, 273 A+ 1
2 = sy ﬂ*g )(1"&._1
n
(-a)n m
a={l-a)l 2 '
aF (I=a) A n (3.43)
' 1+ = 12/3

n,
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4. Dimensionless curves have been intrbducéd to
help in the solution of the forementioned relations.

5. The developed equations showed good aqreement with
both experimentai and fieid data.

6. For short covers, that is, where the L/T ratio
is less than 500, it is recommended to introduce ‘
correction factprs, to take into acc?unt the diﬁfﬁrbange
at the entrance to the upstream end of the cover.

7. The study of the loose ice cover underside
configurations showed a tendency to form ripple or aune
type of ice waves which depended on the bedform and the

flow conditions. Further work is needed to, quantita-

tively, study this configuration.



APPENDIX A

GRAPHICAL SOLUTION OF
THE COMPOSITE ROUGHNESS PROBLEM
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In this appendix, the-graphipal solution of
Eqns. (3.39) and (3.43) is given. The solution is given

by.ﬁﬁrée groups of curves, namely:
Group 1:
| Given in Fig.V(A-l), consists of three families
of curves: |
1. R-$ curves for'diffefent ny values where R

is the channel hydraulic radius, and ¢ is given by
o = &S/ /5 - (a.1)

2. curves for different n values

Nratio M1

where the n is n, /n and n; and n are Manning's

ratio

roughness coefficients for the channel, and the composite
section respectively.

3. R-M curves for different n values where M
is the Manning index value and given by
1.4 2/3

M Y R (A.2)

Group 2:
Shown in Figs. (A.2) to (A.5) each figure
for different a values ranging from 0.5, which is the
case of wide channel, to 0.65, which is representative

of a deep channel.

118
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In each figure, two families of curves are
given:

- 1. ¢-2 curves for different nl/n2 values,

marked by a solid line, where A is giveh as

A = 32/121 ‘ (A.3)

n
| .
. 2. A o3 curves for different nl/n2 values.

The intermediate values of o or-nl/nz, can be obtained

by interpolation.

Group 3: | - '
Fig. {A.6) gives a faﬁily of cyrves between the

discharge ratio and nl/n for different « values. The

discharge ratio is given as

discharge ratio = Q/Q

at fixed flow depth.

The' use of the curves is illustrated in
.Appendices B ahd c.

It is noticed from the curves tﬁat o has no
practical_effect in estimating the value of . It
affects the composite roughness but in a practically

negligible manner-. for value of nl/n2 less than 0.6.



“« | 120

On_the other hand, a affects the‘diécharge more ‘than
A ox thg discharge ratio. |

| The accuracy of the curves is up to T o5e
depending upon the user. Fif’moré accur&te results,

numerical solutions should be applied

v 1R
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. APPENDIX B
COMPUTATION OF RATING CURVES
NUMERICAL EXAMPLE
—
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" In this appendix, a numerical example is.givén
to 1llustrate the use of thelproposed éurves to estimate
the compositelroughness and hence the discharge.

Given: An ice covered channel having a trapezoidal
cross—-section of the dimensions shown in Fig. (B.l). The
following information is available.

Manning's roughness coefficients n, = 0.2,
n, = 0.03 and bed slope S = 1.2 x 107,
* Required: Estimation of the rating curve with and
withoat ice cover.

Solution: For this example, the detailed calcﬁlagions

at a flow depth of 10' is used.

_*Channel data

Pl =b + 4.47Y¥ = 74.70 ft.

Pé =b + 4Y = 70.00 £ft.
P = P1 + P2 = 144.70 ft. "
A = Y(b+2¥) = 500.00 ft.
R = A/P ='3.46 ft.
a = Pl/P = 0.52 ’
Rratio = nl/n2 = 0.66

*Curves solution s

. 1. Pig. {(a-1), for n, = 0.02, R = 3.46

1

¢ = 10.84



129

2. Fig. (aA-2), for o« = 0.5 (approximate),

:!l'_.b

Il

A= 1.77 , 0.74

3. Fig. (A-1), n = 0.026 , M = 131

4. The composite discharge Q

Q=Mx S¥ x A= 226.9 cfs

5. Without ice cover, the discharge

2/3 |

1.49 s A = 458.25 ofs

0.0z

Q =
where R = A/Pl = 6.69.
*Rating -curves
Following the same procedure, the discharge is
computgd for different depthé of flow. The results are
given in Table (B.l), and the rating curves, discharge-
* depth relationship is given -in Fig. (B.2).

¢

Flow Depth . Discharges

With Cover Without Cover

0.0 0 0
2.5 27 59
5.00 62 126
7.50 129 270
10.00 227 458
12.50 ' 360 740
15.00 529 1025

e e ik S M, LA L4 P 7 Y 8 Tl e i e LS s

XV B s 1T TR e ———— -
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The same resulting curves can be obtained by
using Fig. (A.6) which gives directly for nl/n values the
corresponding ratio of the discharge with ice cover to
the discharge without any cover. The use of the curves
in Fié. (A.6) is recommended as it is easier to use and

theoretically gives the same result.

[\
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APPENDIX C

DESIGN OF ICE COVERED
CHANNELS

NUMERICAL EXAMPLE
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In this appendix a numerical example is

illustrated to explain the use of the developed equations,

along with the graphical solution shown in Appendix A in

the design of ice covered channels.

Given: A trapezoidal channel with the following data

L]

is known:

“*eover has a 5 inch thickness

*cover underside Manning's roughness is

expected to equal 0.03, while.the-channel one is (.02

*bed slope 1.2 x 107°

- . *channel is'desigmed to carry a discharge

of 250 cfs

*3ide slopes not to exceed 2:1

Required: Design the channel and check.its capacity

. without the ice cover.

Solution:

(A) Design of channel

1. Applying Ernest's equation to estimat

approximate velocjty for a stable cover

putting the ice specific gravity of 0.92 gives

v=20.7, fps

" 133

e the

_(c.1)
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&\\\ 2. M value
R

Coeix = 1.49 02/3 _ V. _
M= = R = gg 200
3. Estimation of n
.Assuﬁe n= 0.025

10

li
[o)
~
-

]

.ASsume o = 0.50

n
1.9, Hl = 0.73

I

.Fig. (A.2) yields X
;Fig. (A.1) gives n = 0.0275, M = 179

. is‘not equal to the assumed one, repeat
the trial with the average value s

After successive iterations,

R=10.34, ¢ = 10.7, » = 1.8,

n=0.026, M =.130
4. The continuity equation
Q=AxXV=AXM SJs (C.2)

gives with Fig. (C.1l)

A=Y + 2Y) = 510 ft2
And the geometric relation
P=2b+ 8.47¥ = 2 = 150. ft.




135

T

5. Solving,
b = 35 Y = 9,35

6. Check a = 0.51 so that the assumption
of a = 0.55 is valid. |

7. The channél designed cross—section:is
given in Fig.‘(C.z).

{B) Check Discharge Under Free ﬁater Conditions

1. Uhder the maximum depth of flow .namely
9.35' the discharge in the channel with an ice cover
was 530 cfs.

2. For « = 0.51, from Fig. (A.6) for nl/n
value of 0.77 the discharge ratio is 0.48.

3. The discharge without ice cover is Qo

where

L&)
i

Q/(/0)) ' (C.3)
or ’

480 ofs

@)
i

which is the required éischarge.

L 3
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EXPERIMENTAL ERRORS
Jhe sources of thHe experimental errors in

" performing the laboratory tests in this study can be

summarized as follows:

1. The errors in measuring the upstream and downstream -
. ~

depths of‘fléw:

a. variation of the floor B 0.090 inch.

b. Upstream ;efereﬁée reading * 0.040 inch. _ A‘:i.
¢. Downstream reference reading : 0.040 inch.
\ ~ d. Electric point gauge reading i.ﬁ.010 inch.

e. The water-surface f;uctuationsé'
Upstream ¥ 9.12 inch

t 6.08 ‘inch

Downstream
£. Distancé between upstream and downstream
‘positioné ¥ o.10 inch.
© 2, The errors that might occur in the.vélocfty_
\-meaééfements by the pi%ot—tube: ' | . ‘
) ’ L

. ' s R + )
a. A common instrument precision of = 1% was

-
L]

assumed.

b. Manometer-reading 9% ¥ 0.05 ihch which caused
a possible error in thé'observed veloéity of
aibout‘i 1.2% at low velocities and ti.08at !

", - high velocities;_ |

c.. Verticél distance,’ measured by-tﬁe attached
point gauée of ¥ 0.060 inch. - ‘

138 °
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3. The shear measurements are subject to an error of
¥ 5% in measuring the balance angle due to the common
errors of reading, and the errors due to the f;uctuations
in the shear value caused by the unsteadiness in the flow
was ¥ 10%. ‘

-

Composite Error:

Applying the general equation &f the theory of

errors

o2 = 3292 72+ (39?5
*2

ax1 1 + - e 8

where

Q=Q(xl, xz,'...) -

and Q is a deflned relation leads to the comblned expected

experimental error in estimating the comblned roughness by

Ey.2 . 4 Br2 2 X
‘En/n = (15) §(7f) + %(——)
where
EV/V = relative error in V.'_ . .

’ Ep/R = relativé_error in R.

Eg/S = relative error in S.
and are given by
Ev/v=i2_0
- _ - 2
Ep/gp = 2R (Ey/¥)7. |
ES/S=(E/L)2+52 (EY/)xf_ as S is .-

very small compared to the value of 2.



aAnd, EY is the

assumed ‘constant in
The value

composite roughness

fact that should be

140
error in the water depth measurement,.
both upstream and downstream énds.
of the experimental error'in the
differs from one run to another, a

taken into consideration.

An average error in estimating the'compdsite

Manning's roughness

k3

coefficient was found to beti'EB%.
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APPENDIX B

EXPERIMENTAL RESULTS



In this appendix the experimental results of all the’

by
runs mentioned in Chapter (4) are given.

TABLE E-1
e EVALUATION OF CHANNEL MANNING'S ROUGHNESS n,
Run No. Q Y . S nl .
E1-1 2.14 1.113 2 x10°%  o.o01
E1-2 1.84  1.063 3 0.0112
E1-3 1.30 0.965 2.5 0.0146
E1-4 2.56  1.340 2.5 0.0115
F1-5 - 1.82  1.220 1.7 . 0.0115
El-6 1.37  1.440 1 0.0120

Avérage'nl,= 0.01167

TABLE E-~2
EVALUATION OF COVER MANNING'S ROUGHNESS n,
‘ Run No. Q Y s o,
R2-1 2.14  1.04 4 %1073, 0.034
E2-2 1.72  0.97 3 C0.035
E2-3 1.20 0.88 3 0.039
E2-4 0.92  0.80 1.9 0.038
Average n, = 0.03589
Q in cfs
Y‘in ft

142
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EFFECT OF COVER FRONT ON VELOCITY PROFILES

/

TABLE E-3

143

Run No. Cover Cover -Thick x Q Y
E3-1 Out - -1.5 2.5 7 1.49
E3-2 In 2" 1.5 2.5 1.39
B3-3 In 2" 3.0 2.5 1.39
E3-4 In 2" 4.5 2.5 1.39
E3-5 In 2" 6.0 2.5 1.39
E3-6 - In . o2n 7.5 2.5 1.39

TABLE E-4
EFFECT OF COVER FRONT ON SHEAR DISTRIBUTION

Run
No. 1 2 3 4

Q 2.61 2.28 l.88 1.61

Y 1.33 5 1.353 5 1.287 5 1.237 5
Ry 1.857 x 107 1.63 x 10 1.413 x 10 1.143 x 10
X Total shear values _

1.5 0.379 0.21 0.12 0.104

3. 0,418 0.262 0.15 0.14

4.5 .0.451 0.232 0.155 0.171

6 0.474 0.34 0.182 0.20

7.5 0.531 0.45 0.218 0.165

9 - 0.53 0.35 0.22 . 0.2

10.5 0.63 0.41 0.225

0.263

B T2 s e WP REPEE N VIR
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TABLE E-6 .

VERIFICATION OF COMPOSITE ROUGHNESS

-Rﬁn

measured co

No. = Q N 5 n ¥
EG-1 1" 1.74 | 1. 0.0017 0.01967 25
EG-2 1 2.14 ,1.21 ¢.001 0.01939 29
EG-3 1  1.63 \i;égl 0.001  0.024 27
EG-4 . 1 1.37 68  0.0008 0.0231 ‘34
"EG-5 1 1.56 1.33 0.0005  0.0212 53
EG-6 1 2.25 1.41 0.0009 0.02176 31
EG-7 1 1.94 1.39 . 0.00058 0.01969 47
EG-8 ~ 1 1,60 1.33  0.00042 0.01850 64
EG-9 1 1.28 1.265 0.0005  0.0242 54
EG-10 1 2.38 1.577 0.00067 0.0202 42
EG-11 1 2.50 1.60 0.00083 0.0219 34
EG-12 1 1.27  1.29 0.00027 0.018 98
EG-13 2" 2.70 1.17 0.0018 0.0196 19
EG-14 2 1.93 1.34 0.00063 0.0195 44
EG-15 2 , 2.40 1.43° .0.0009  0.0205 32
EG-16 2 1.69 1.24 - [0.00072 0.0215 38
EG-17 2 2.04 1.36 ° 0.00117 0.025 26

© EG-18 2 2.38  1.13 0.0022 0.0238 17
EG-19 2 1.42 0.75 °0.00234 0.0226 16
EG-20 2 1.12 0.68 0.0021  0.0232 17
EG-21"2 . 0.98 0.62 0.00194 0.02282 18

"EG-22 2 2.48 1.22 ° 0.0018 0.0226 19
EG-23 2 0.89 0.82 0.0006 0.0215 43

.EG-24 2 1.56 1.25 0.0005 0.0204 50
EG-25 2 1.94 1.32 0.0006 0.0189 43
EG-26 2 2.3 _1.50  0.0007 0.0197 38
EG-27 2 2.50 1.52 0.0009 0.0213 32
EG-28 2 2.36 . 1.13 0.0016 0.0204 20
EG-29 2. 2.12 1.09:. 0.0014  0.0202 22
EG-30 2 1.83 1.07 0.0011 0.019% 27
EG-31 2 2.20 1.26 0.0011 0.0207 ' 27
EG-32 2 2.46 1l.21 0.0013 0.0189 24
"EG-33 2 1.82 0.91 0.0017 0.0199 20
EG-34 2  1.93 1.45 0.0008  0.0223 35
EG-35 2 2.39. 1l.42 0.0008 0.0192 34
EG-36 2: 1.69 1.25 0.0008  0.022 40
*E, is the gaximum expected percentage error in the

posite Manning's roughness coefficient.
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. NOMENCLATURE

]

. - : . . ] -
channel .cross-sectional area, constant.

respectively.

channel top width.
channel bed width
houyahcy force.

Chezy's coefficient constant.

"eross-sectional area_oz channel and cover sub-sections

Chezy's coefficients for channel and cover respectively.

local flow depth by Hancu.

roughness height for sub-sectibn i.
absolute error

error in measuring hydraulic~radius.

error in measuring the slope.

-

@ h - - L]
error in measuring the velocity.

error in measuring flow depth.
exponential ; EXP(x) = e .
special Froude number used by Uzuner.

Froude number.
%

body forces in x-direction.
parcey's-Wiesbach friction factor.

modified Dafcey's—wiesbach'friction factor.

-

acceleration due to gravity.

he ight - ) o«

- Te

153

”
@ — s s R R e N e D T DT



H

n m

ot

.

154

subscript takes the value 1 for channel sub-section

and 2 for cover sub-section.
constant

roughness height for the boundary i.

length.

Prandtl mixing length.
Manniﬁg's index value.

composite -Manning's roughness coefficient.

Manning's roughness coefficient for the boundary

cﬁannel wetted perimeter.

channel wetted perimeter for the boundary i.
pressure force. )
flow discharge Qith ice cover.
flow discharge without iqe cover.
cﬁannel hydraulic radius. .
channel hydraulic radius for sub-séétion i.
Reynolds. number.

géneral exponent for Chezy-Manning n relation.
slope of energy line. ' .
slope of bed line.

cover thickness

local velocity at point i.

average point velocity in x-direction.
fluétuating poiﬁt velocity in x-direction.
channel mean velocity.

mean velocity for sub-section 1i.

shear velocity of sub=-section i.
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maximum velocity in the cross-section and flow.

average point velocity in y-direction. ¢

fluctuating average point velocity in y—direétion.

weight.

distance along x-axis.

total flow depth..

flow depth at sub-section i.
depth froﬁ point to boundary i.
exponent used by Yu.

angle.

wgtted pe;iméter ratio Pl/P.

hydraulic division ratio used by

laminar sub-layer thickness for boundary i.

spedific weight of the water.

density of specific weight of theé water.

density of‘specific weight of the ice.

hydraulic ra&ius ratio Rz/Rl‘
initial X value used in nﬁmerical
friction.factor used by Hancu.’
relative depth.

relative depth to boundary i.
dynamic viécosity of fluid.
dimensionless term. i
laminar shear.

turbvlent shear.

shear stress at boundary i.

solutions.

mean shear stress at ice underside.
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Von Karmen's constant.

general function.
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