Name — Kasun Sahabandu (835630090)

Solve computer problem 3.1 on p. 63 of the text Erosion and Sedimentation.

Consider steady flow (q = 3.72 m?/s) in the impervious rigid boundary channel. Assume a very
wide channel and f = 0.03. Determine the distribution of the following parameters along the 25km
channel reach when the water surface elevation at the dam is 10m above the bed elevation.

After considering that a 15 km reach at a bed slope of 70 cm/km has been added to the upstream
portion of the channel sketched on p. 49. The width of the added segment has the same width as the
lower reach. Assume a constant value of the Manning coefficient n = 0.025 throughout the entire reach.
It is fine to assume a wide-rectangular channel for the calculations. Solve the problem in English units
and discuss the results of the three main graphs.

a) Flow depth in ft
b) Mean flow velocity in ft/s
c) Bed shear stress in psf

Available Data

— Steady flow (q) = 3.72 m?%/s = 40.02 ft*/s

—  Friction factor (f) = 0.03

— Water surface elevation at the dam = 10m = 32.81 ft

— Bed slope of most upstream slope (15km) = 70 cm/km = 0.0007

— Manning coefficient n = 0.025

— Li=15km=49213 ft — Reach 1

— L2=10km = 32808 ft — Reach 2 /
— L3=15km=49213 ft — Reach 3

Soz = 0.0005

e 32.81ft
Reach 3 . Reach 2 Sow= GA01
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Figure 1: Sketch of the channel



Assumption

— The channel is very wide, hence.

Hydraulic radius (Rn) =h
— Gravitational acceleration = 9.81 m/s?=32.2 ft/s?
—  Specific weight of water = 9810 N/m? = 62.4 Ib/ft3

Theory

e Direct step method

Boundary conditions, x = 0 ft, h=32.81 ft
Distance increment Ax 7/30 ft

If hi is a known depth
dh

hy =h; - Ax —
dx
e @Qradually varied flow
We used the equation (backwater curve equation) to determine the water surface profile. |
dx 1-F?

If we consider wide rectangular channel,

Where,
h = Flow depth
x = distance from the boundary (Dam)
So=Bed slope
St¢= Friction slope ' =g
F: = Froude Number Q \
hc = Critical flow
h, = Normal depth
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it if V=
Fr—‘/g_h if V. q{h

3

hc)i
Fr={==
r (h




o Critical depth (hc) and Normal depth (hy)

3/5
ho= 2 B, = ("_") /
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o Bed shear stress (10)
To=7Yhn So

Calculation
Sample calculation

e (Critical depth

_ 3|9® _ 3[40022 _
h, = \/; = /32.2 3.678 ft

e Normal depth (h,) '

-\ 3/5
_ nq
hy = | ——
4 (1.4953/2)

3/5
0.025 x40.02
Reach 1 ->hys = (——im) = 6.255 ft

1.49 x0.001

3/5
0.025 x40.02
Reach2 ->hy = ( X 1/2> =17.701 ft
1.49 x0.0005 »

3/5
0.025 x40.02 '
Reach3 ->hy = ( a 1/2) =6.961 ft
1.49 x0.0007

e Ciritical velocity (Vc)
Vce=q/hc=40.02/3.678 = 10.881 ft/s

- Normal.velocities
Vi =g/ha
Reach 1 -> V.1 =40.02/6.255 = 6.398 ft/s
Reach 2 -> V,.,=40.02/7.701 = 5.197 ft/s
Reach 3 -> V,,.3=40.02/6.961 = 5.749 ft/s
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e Bed stress (To)
To= ¥ hn So
Reach 1 -> Tp.1=62.4%6.255%0.001 = 0.390 psf
Reach 2 -> Tp.2=62.4*7.701 *0.0005 = 0.240 psf

Reach 3 -> Tp.3=62.4*6.961 *0.0007 = 0.304 psf

Calculations continued using excel and determined the water surface elevation, water depth,
velocity and bed stress.

. Cumulative ' Final
R g
each Length -L (ft) length (ft) So hn Vn Station
Reach 1 49213 49213 0.001 6.255 6.398 1640
Reach 2 32808 82021 0.0005 7.701 5.197 2734 2
Reach 3 49213 131234 | 0.0007 6.961 5.749 4374 “,
s
Steady flow (q), ft2/s 40.02 Il
Friction factor, (f) 0.03
g (ft/s2) 32.2
Specific weight of water (x), 1b/ft3 62.4 /
Distance increment (Ax), ft 30
Manning coefficient (n) 0.025
Ax*[Col 1] [Col 3]+Ax*S0 |[Col 4]-Ax*[Col 7] |So*(hn/[Col 41)A(10/3)|(he/[Col 41)23 (S0 {Col 5)/(1- [Col 6]) |[Col 3]+[Col 4] |q/lCol 41|([Col 91°2)/(2*g) |iCol 8]+[Col10] |v*[Col 4]*[Col 5]
1 2 3 4 5 6 7 8 9 10 11 12
. Distance from “’? Flow depth, h
Station Dam, x ft elez\l:lft:;)n, () sf Fri2 dh/dx HGL \' VA2/2g EGL Bed Shear (t0)
o oo o 32810 0023
i 003| 32780 3, : . 0023
e 006 32750 | 4011906 - 0023 |
3 009 32720 06 0023
o 01| ' 0023
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7 .21
8
9
10]
11
12
13
]
e




Results and Discussion

Water surface elevation
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Figure 2: Water surface elevation

a) Flow depth

Flow depth profile
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Figure 3: Flow depth brbfile



Figure 3 indicates that flow depth is always higher than the critical depth (hc = 3.678 ft) and hn >
he, hence three reaches consist of subcritical flow. These are the water profiles of three reaches.

Reach 1 — M1 (he < h <hy)

Reach2 - M2 (he <h,<h)
Reach 3 — M1 (he <h <hy)

Reach 1 has the highest slope because of the dam's effect. Flow depth decreased significantly due
to the dam as well as the higher bed slope of that reach. Reach 1 has a minimum depth of 6.255 ft.
Reach 2 has a maximum water depth of 7.7 ft, which is lower than the normal depth (8.591 ft) of

that reach. Reach 3 has a normal depth of 6.961 ft, which is lower than the normal depth of 7.766
ft.

b) Velocity

Velocity profile
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Figure 4: Velocity profile

Velocity reaches the normal velocity value of 6.398 ft/s at 42690 ft away from the dam, and that
normal velocity is the highest velocity in this channel section. Reach 2 has a normal velocity of
5.197 feet per second and Reach 3 has a normal velocity of 5.749 feet per second; it will reach a
normal velocity of 102870 feet away from the dam. In comparison to the other two sections, reach
1 faces a high velocity gradient along the channel.



¢) Shear stress

Bed shear stress profile
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Figure 5: Bed shear stress profile

According to figure 5, beds experience the highest stress at reach 1 which is 37440 ft from the

dam, and bed stress increases with distance from the dam. Shear stress rapidly varies near the dam

due to rapid changes in flow depth. Reach 2 had the lowest normal bed shear, with decreasing bed

stress as the distance from the dam increased. Bed shear increases with distance from the dam, but

the gradient is less than one, and bed stress reaches its normal stress of 0.304 psf at 97950 ft from
. the dam.



