Flow net under Hydraulic Structures

Laplace Equation
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Which is Laplace equation of two dimensions steady state condition.

1- Graphical Solution_ Flow net

Equal potential lines

Same dimensions n=4 >
(equal elevation pore pressure)

Flow lines

ht,, = h, + h,= total head at upstream head

h;qy = h, + h, = total head at downstream head

h,, s the water pressure and h, is the elevation head (Z)
nt = number of flow channel

ng = total number of drop head

(AH or H) = hy, — h;4 = total difference head between the upstream and downstream
head



AH _ H _ hgy—heg

Ah = Losses head between any two equipotential lines, Ah = — = —
ng Nng ng
Ry — Nea
et = e = Mg X Al = ey = gy X = = hey, = gy (~2—=2)
Ng Ng
A —K'A—KAhA X 1
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But since Ax = Ay for squere mesh, then
H
Aq=K-Ah = K-—
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Note that total head = h = h, +h, or h, = h;—h,
Where h,, is the water pressure and h,, is the elevation head (2)
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Seepage force j = iy, = seepage force per unit volume
Effective stress at pointis o =0—-u= d—(hy X¥,)
Where
o = total stress = Y54 X hs + v, X hy,

u = pore water pressure = (h, X ¥,,)



Example 1

For the following flow net :
1) Estimate the gountity of seepage flow.
2) Calculate the total flow head and water pressure at points a & b.
3) Check of boiling.
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3m b
a
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Vsor= A9 KN/m’
K= 4x10"* cn/sec

Solusion: Assume the datum at the bottom floor

heyy=hy+h,=6+0=6m
hey=hy+h, =15+0=15m
H=htu_htd=6_1.5=4‘.5m

H hey—h 4.5
Ah=—="8"1_22—045m
ng ng 10

1 — For Total seepage
nf=5 ) nd=10, H:4-5m

CkoHY o ax 1090 XO0X 2 oS 07776
1= ng 100 P20 7 m day




2 — For water pressure at point a
H htu - htd . 4‘.5

Ah=—= = = 0.45
Nng Nng 10 m
hy =hsy —ngg XAh or hy =6—3X%X0.45=4.65m
hau = hat — hge

hyy = 4.65—(—3) =7.65m

B, = v X hgy

P, = 9.81 x 7.65 = 75.0465 Kpa

For water pressure at point b
hy; = hy —ngg X Ah or hyy =6 —85X%X045=2.175m

hpu = hpe — hpe

Ry, = 2175 — (=1.5) = 3.675m
B, =vYw X hpy

B, =9.81 X 3.675 = 36.05175 Kpa

3 — For Check of boiling

) Ah 045
lexistsz 0.9 = V.o,

— 19 — 9.81
i, = Yub_ Ysat 7 Ww = 0.9368 > i,y (Ok Safe)

Yw Yw 9.81

0.9368
Eg =
0.5

= 1.8736 = 1.87



Example 2

For the given flow net, the hydraulic conductivity of soil k=0.002 cm/sec.
Calculate

(1) The total seepage loss per unit length in m?/sec/m.

(2) The pore pressure at point A
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For the given flow net, the hydraulic conductivity of soil k=0.002 cm/sec.
Calculate

(1) The total seepage loss per unit length in m?/sec/m.

(2) The pore pressure at point A
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1 — For Total seepage
Tlf:5 ,nd=12, H=htu_htd=10_0=10m

- K-S 000 SOX00X2E S T
1= ng 100 12~ " m . day

2 — For water pressure at point A

10
hy = hyyy —ngi X AR or hy =10 — 10E = 1.667m
hy = hy = he
hyy = 1.667 — (=13) = 14.667 m

By = Vw X hyy

P, = 9.81 X 14.667 = 143.883 Kpa



Example 3

The flow net for seepage under a sheet pile wall is shown in Figure below, the saturated
unit weight of the soil being 20 kN/m?3. Calculate

a) The quantity di;”seepage if the coefficient of permeability of the soil is 2 x10° m/s

b) Determine the values of effective vertical stress at A and B.

Solution:

Saturated unit weight of soil =y = 20 kN/m?

Number of flow channels = N;=5.5

Number of equipotential drops =N, = 12

Total Head loss=H=8 m

Head loss per equipotential drop =h’= H/N,; = 8/12

Permeability of soil =k =2 x 10~ m/s

a) Quantity of seepage = KH(N/N,)
= (2x10-%)(8)(5.5/12)

=7.33 x 10° m*/s/m




b) Total head at A = Total head at upstream — head loss upto A

H,=H-h,=8-3.9(8/12)

=54 m

Elevation head of A=h,,=-7m

a ca

Pressure head at A=h,, =H, - h

=54—(-7)=124m

Pore water pressure at A=u =h_y,

=12.4x9.81

=121.64 kPa

Total head at B = Total head at upstream — Head loss upto B

H,=H - hy =8-9.6(8/12)

=1.6m

Elevation head of B=h,, =-7m

Pressure head at B=h, = H, - h,

=1.6—(-7)=8.6m

Pore water pressure at B=u=h,y,

= 8.6x9.81

=84.37 kPa




Total stress at point B is given as

0 =Y, X0 * 71, XI

=20x6 + 9.81x1

=129.81 kPa

Effective stress at point B is given as
0’=0-u=129.81-84.37

=45.44 kPa




2- Numerical Solution

The following equation is considered as Laplace equation of two dimensions

steady state condition un isotropic case

8% h? 8% h?
+ K =0

K, X2 Y gy?

Assume homogenous and Isotropic; K, = K,

0*h* 0%h?
=0
x> " ay?

Which is Laplace equation of two dimensions steady state condition.

Partial Difference operation in Cartesian coordinates
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~ By the same way
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Also,we can see that
Zf 1
ay hz[]cl ]+1 zﬁ]+ﬁ.] 1]_D2yf
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for 3y0x = Dyyf =D, h ]
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o°f  0°f
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Not: there are many way to solve the above equation but we will discuss the

iteration method only

- Iteration method

In this method, the procedure depend on iterative the equation

Example:
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special points

1- Pointi - f; =
2- PointA - f, =
3- PointG - f, =
4- Point B - fg =

5- Point] - f; =
PointE - fp = frtfitfatfo _ frtfit2fa

fatfptfrtfi
4
frtfitfatfb _ 2fr+fatfp
4 T4
fr+fl+fa+fb 2fi1+fat+fp
4 4
fr+fl+fa+fb 2fr+2fa
4 4
frfitfatfp _ 2f1+2fq
4 4

4 - 4
frtfitfatfo _ frtfi+2fp
- - =
7- Point F fr= " L
8- Point H, — fy =1lrtfttfatis _ 2/r*2]p
H, 2 Z
_ frtfitfatfo _ 2frtfatfp
- - =
9- Point C, fc, = : .
10-  PointC, — fp, =Ltfitlatly _ 2/t atfs
L Cy ” "
11- POlntD N f — fr+fl+fa+fb fr+fl+(0-5fcr+0.5fCL)+fb
D 2 .
N
hu=25 TN
26 25 25 25 25 252§ - T~ 0 0 0O 0O O
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Example: For the dam above, find the distribution of total head under the
dam by numerical solution using iteration method:

Solution:

0 10 20 30 40 50 60 60 70 8 90 100 110 120 130 140 150
hu hi hi hu hu hu L R F F F F hd hd hd hd hd
P R P PR P 9.56 910 7.95 624 3.87
10 12403 2399 23.85 2361 23.29 22.91 22,67 1001 945 822 657 462 256 168 1.26 1.06 1.00
20 12306 23.07 22.80 22.32 21,62 20.70 19,84 11,57 1048 891 7.1 549 3.94 2.92 2.30 1.97 187
30 12246 2234 21.95 21.26 20.16 18.42 1200 974 785 619 478 3.74 3.05 2.6 2.53
10 2201 21.87 21.41 20,60 19.35 17.53 1507 1246 1021 8.28 6.62 5.26 4.22 3.50 3.08 2.95
PR 2170 2123 20.38 19.00 17.09 1500 1257 1035 8.42 6.77 5.42 4.38 3.65 3.23 NS

H.wl : Resolve the problemwithhu=25m&hd=5m

0 10 20 30 40 50 60 60 70 80 9 100 110 120 130 140 150

hu hu hu hu hu hu L R F F F F hd hd hd hd hd
25.00 25.00 25.00 25.00 25.00 25.00 25.00 pvATARVAEIRNI IR R RE: RN 5.00 5.00 5.00 5.00 5.00
10 12423 24.19 24.08 23.89 23.63 23.33 23.13 12.56 11.58 10.26 8.70 7.05 6.35 6.01 5.85 5.80
20 23.53 23.46 23.24 22.86 22.29 21.56 20.87 13.39 12.13 10.77 9.39 8.15 7.33 6.84 6.58 6.49
30 2297 22.87 22.56 22.01 21.13 19.74 14.60 12.79 11.28 9.95 8.83 7.99 7.44 7.13 71.03
40 22,61 22.49 22.13 21.48 20.48 19.03  17.06  14.97 13.17 11.62 10.30 9.21 8.38 7.80 /.47 71.36
Sl R0) 22,36 21,98 21.30 20.27 18.83  17.00  15.06 13.28 11.73 10.42 9.33 8.50 7.92 7.58 gy

H.wl : Resolve the problem withhu=35m&hd=2m

0 10 20 30 40 50 60 60 70 8 90 100 110 120 130 140 150

hu hu hu hu hu hu L R F F F F hd hd hd hd hd
35.00 35.00 35.00 35.00 35.00 35.00 35.00 pEAYRNEXVANVECINIDZINENE 2.00 2.00 2.00 2.00 2.00
10 133.73 33.67 33.48 33.17 32.74 32.24/31.92 14.48 12.85 10.68 8.10 5.38 4.22 3.66 3.39 3.31
20 32,57 32.45 32.09 31.47 30.53 29.32 28.19 15.84 13.77 1151 9.25 7.20 5.85 5.04 4.60 4.47
30 31.65 31.49 30.98 30.06 28.61 26.32 17.84 14.86 12.37 10.17 8.31 6.94 6.03 551 5.34
40 31.06 30.86 30.26 29.19 27.54 25.14 2190  18.45 1547 12.92 10.74 8.94 7.57 6.62 6.07 5.89
SR 1:5] 30.65 30.02 28.90 27.20 24.82  21.80  18.59 15.66 13.11 10.94 9.15 7.78 6.82 6.26 (A}
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H.W:

For the dams below, find the distribution of total head under the dam by
numerical solution using iteration method and compare the results with

that of the flow net method:
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