CN214

Tutorial sheet 2 – Flow nets
Q1:

The figure below shows the cross section of a concrete dam founded on permeable soil, below which there is an impermeable stratum. Make a flow net assuming the soil to be isotropic.

Calculate

a) the seepage rate under the dam if the permeability k = 12.5 x 10-3 mm/s, and 

b) the uplift pressure on the base of the dam.











Solution:

Draw as accurately as possible the flow net for the problem.
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Determine the following

Number of flow lines 

Nf = 12

Number of equipotential drops 
Ne = 27

Seepage rate is given by 
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q  = 5.75 m3/day per metre run of dam

The pressure drop between adjacent equipotential lines is 
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m of water

Pressure head under base at upstream face

 = (13.5-1.5) - 4 x 0.444 = 10.22 m head

Pressure head under base at downstream face
 = (13.5-1.5) - 23 x 0.444 = 1.788 m head

From the shape of the flow net (uniform spacing of equipotentials) it can be seen that the drop in uplift pressure between the two faces is linear as shown on the sketch above (you can of course calculate a few intermediate points)

The total uplift force/m run of dam is thus the area of the uplift pressure diagram

Uplift force = 
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Q2:

The figure shows the cross section of a long cofferdam into which the flow can be considered as two dimensional.  Sketch the flow net for this situation.

The base of the soil stratum is at a considerable depth.

Determine the seepage into the cofferdam (per metre rum), if the water level inside is maintained at excavation level. The permeability of the soil is 0.015m/s in every direction.

Using the flow net determine the distribution of water pressure both on the outside and inside of the sheet piling.  Express this pressure in metre head of water and indicate it on an adjacent plot.

Comment on the stability of the proposed structure.









Solution: Example taken from Sutton H.C 'Solving problems in soil mechanics'
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[image: image6.jpg]Number of head drops N; = 15
Number of flow squares Ny = 6.5
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.. Seepage ¢

0.015 x 9.05 x 91'—55— = 0.059 m¥s

This is for one side only and the total seepage from both sides
=2 x 0.059 = 0.118 m%/s
At any depth z below the ground surface the pore water pressure =

(head of water above z — loss of head as water flows through soil) v,

Total head loss = 9.05

*. Loss at depth z = 1 % 9.05 where n = no. of head drops from
N4 inlet surface to z.




[image: image7.jpg]*. Pore water pressure = (1.8 +2z - NL X 9.05) 7. KN/m?
d

*. Distribution of water pressure on sheet piling

(1.8 +z - 2 ox 9.05) v, KN/m? (since water pressure acts
Nq equally in all directions)

(1.8 + 2z — L 9.05) m of water
Ny

Using this relationship, since Ny = 15
p= (1.8 + 2z - ln_S X 9.05) = (1.8 + z — 0.603n) m of water

and by scaling the distances z corresponding to n off the flow net, the following
results are obtained:

z 1.8+2-0.603n b4 1.84+2-0.603n z 1.842—0.603n
ni (m) (m of water) n (m) {m of water) n | (m) (m of water)
1]2.44 3.64 6| 10.04 8.22 11 (9.20 4.37
21503 5.63 7110.25 7.83 12 | 8.84 3.40
317.00 7.00 8 | 10.25 7.23 13 | 8.29 2.25
418.38 7.177 91 9.9 6.28 14 | 7.85 1.21
519.45 8.24 10] 9.69 5.46 1517.25 0





[image: image8.jpg]An approximate flow net is generally sufficient if quantities of seepage are
required, but if the pore water pressures are to be estimated from the flow
net, it must be accurate.

From the flow net, the upward seepage pressure on the soil on the inside
of the piling is approximately

% % 9.05 x 10 = 41 kN/m? (see solution 2.16)

Taking the saturated unit weight of the soil ¥ = 20 kN/m’

The downward pressure at the foot of the sheet piling due to the submerged

weight of the soil = (20 — 10) X 3
= 30 kN/m?

It would appear from this that there is a very distinct danger of piping
occurring and the piles should be driven deeper.




Q3:(Example taken from GE Barnes 'Soil Mechanics; Principles and Practice')
A concrete weir is to be placed on a sand deposit as shown below. The coefficients of permeability of the sand are

Horizontal
kh = 9 x 10-5 m/s

Vertical 

kv = 1 x 10-5 m/s

Determine the quantity of flow in litres/minute emanating downstream and the uplift force (upthrust) acting on the underside of the structure.








The soil is anisotropic with respect to permeability so the cross-section must be drawn to a transformed scale by reducing the horizontal dimensions by the factor 
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and maintaining the vertical dimensions.  A 'square' flow net is then drawn to the transformed cross-section as below.
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[image: image11.jpg]Total head loss #=5.0m

Overall k =V (k, xk) = 1 X 10°x9x 107 =3 x 10~ /s
Number of equipotential drops n, =7

Number of flow channels .= 3

khn_ 3% 5.0 x3x60x1000
n, 10° x7

d
Elevation head on underside of weir =0
total head = pressure head

q= = 3.9 litres/min per metre length of weir

location total head, m uplift pressure, kN/m?
A 50 49.0
B 6/7x50=43 422
C 5/7x5.0=3.6 353
D 4.5/7x50=32 314

Width of weir =15 m.

upthrust A — B = 1/2 (49.0 + 42.2) x 3.0 = 136.8 KN/m
upthrust B — C =1/2 (42.2 + 35.3) X 6.7 = 259.6 kKN/m
upthrust C —» D =1/2(35.3 +31.4) x5.3 =176.8 kN/m
All are forces per metre length of weir,
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