
SOIL WATER AND WATER FLOW 

 

6.0 ILLUSTRATIVE EXAMPLES 

Example 6.1 Compute the maximum capillary tension for a tube 0.05 mm in diameter. 

Solution: 

 

Example 6.2 Compute the height of capillary rise in a soil whose D10 is 0.1 mm and voids 

ratio is 0.60. 

Solution: 

 
Example 6.3 When water at 20

o
 is added to a fine sand and to a silt, a difference in 

capillary rise of 25 cm is observed between the two soils. If the capillary rise in fine sand 

is 25 cm, calculate the difference in the size of the voids of the two soils. 

Solution: 



 
Example 6.4 Estimate the coefficient of permeability for a uniform sand where a sieve 

analysis indicates that the D10 size is 0.12 mm 

Solution: 

 

Example 6.5 The capillary rise in soil A with D10 = 0.06 mm is 60 cm. Estimate the 

Capillary rise in soil B with D10 = 0.1 mm, assuming the same voids ratio in both the 

soils. 

Solution: 

 



 

Example 6.6 What is the height of capillary rise in a soil with an effective size of 0.06 mm 

and void ratio of 0.63? 

Solution: 

 

Example 6.7 The effective sizes of two soils are 0.05 mm and 0.10 mm, the void ratio being 

the same for both. If the capillary rise in the first soil is 72 cm, what would be the capillary 

rise in the second soil? 

Solution: 

 

 

 

 

Example 6.8 The water table in a certain area is at a depth of 4m below the ground surface. 

To a depth of 12m, the soil consists of every fine sand having an average voids ratio of 0.7. 

Above the water table the sand has an average degree of saturation of 50%. Calculate the 



effective pressure on a horizontal plane at a depth 10 meters hollow the ground surface. What 

will be the increase in the effective pressure if the soil gets saturated by capillarity up to a 

height of 1m above the water table? Assume G = 2.65 

Solution: 

 

 

 



 

Example 6.9 A 10m thick bed of sand is underlain by a layer of clay of 6 m thickness. The water 

table which was originally at the ground surface is lowered by drainage to a depth of 4m, where 

upon the degree of saturation above the lowered water table reduces to 20%. Determine the 

increase in the magnitude of the vertical effective pressure at the middle of the day layer due to 

lowering of water table, the saturated unit weights of sand and clay are respectively 20.6 KN/m
3
 

and 17.6 KN/m
3
 and the dry unit weight of sand is 16.7 KN/m

3
. 

Solution: 

 



 

Example 6.10 The water table in a deposit of sand 8 m thick is at a depth of 3m below the 

surface. Above the water table, the sand is saturated with capillary water. The bulk density of 

sand is 19.62 KN/m
3
. Calculate the effective pressure of 1m, 3m and 8m below the surface. 

Hence plot the variation of total pressure, neutral pressure and effective pressure over the depth 

of 8 m. 

Solution: 

 

 



 

Example 6.11 Determine the neutral and effective stress at a depth of 16 m below the ground 

level for the following conditions: Water table is 3 m below ground level; G = 2.68; e = 0.72; 

average water content of the soil above water table is 8%. 

Solution: 

 
Soil profile 

 

 
 

Example 6.12 A saturated sand layer over a clay stratum is 5 m in depth. The water is 1.5 m 

below ground level. If the bulk density of saturated sand is 17.66 kN/m
3
, calculate the effective 



and neutral pressure on the top of the clay layer. 

Solution: 

 

 

 

Example 6.13 Compute the total, effective and pore pressure at a depth of 15 m below the 

bottom of a lake 6 m deep. The bottom of the lake consists of soft clay with a thickness of more 

than 15 m. The average water content of the clay is 40% and the specific gravity of soils may be 

assumed to be 2.65? 

Solution: 

 

 



 

Example 6.14 A uniform soil deposit has a void ratio 0.6 and specific gravity of 2.65. The 

natural ground water is at 2.5 m below natural ground level. Due to capillary moisture, the 

average degree of saturation above ground water table is 50%. Determine the neutral pressure, 

total pressure and effective pressure at a depth of 6 m. Draw a neat sketch. 

Solution: 

 

 

 

PERMEABILITY 

7.0 ILLUSTRATIVE EXAMPLES 

Example 7.1 Determine the coefficient of permeability from the following data:  

Length of sand sample = 25 cm  

Area of cross section of the sample = 30 cm
2
  

Head of water = 40 cm  

Discharge = 200 ml in 110 s.  

Solution: 



  

Example 7.2 The discharge of water collected from a constant head permeameter in a period of 

15 minutes is 500 ml. The internal diameter of the permeameter is 5 cm and the measured 

difference in head between two gauging points 15 cm vertically apart is 40 cm. Calculate the 

coefficient of permeability. 

If the dry weight of the 15 cm long sample is 4.86 N and the specific gravity of the solids is 2.65, 

calculate the seepage velocity. 

Solution: 

 

 

Example 7.3 A glass cylinder 5 cm internal diameter and with a screen at the bottom was used 

as a falling head permeameter. The thickness of the sample was 10 cm. With the water level in 

the tube at the start of the test as 50 cm above the tail water, it dropped by 10 cm in one minute, 

the tail water level remaining unchanged. Calculate the value of k for the sample of the soil. 

Comment on the nature of the soil. 

Solution: 

 



 

Example 7.4 In a falling head permeability test, head causing flow was initially 50 cm and it 

drops 2 cm in 5 minutes. How much time required for the head to fall to 25 cm? 

Solution: 

 

 

Example 7.5 A sample in a variable head permeameter is 8 cm in diameter and 10 cm high. The 

permeability of the sample is estimated to be 10 × 10
–4

 cm/s. If it is desired that the head in the 

stand pipe should fall from 24 cm to 12 cm in 3 min., determine the size of the standpipe which 

should be used. 

Solution: 

 

Example 7.6 A horizontal stratified soil deposit consists of three layers each uniform in itself. 

The permeabilities of these layers are 8 × 10
–4 

cm/s, 52 × 10
–4

 cm/s, and 6 × 10
–4

 cm/s, and their 



thicknesses are 7, 3 and 10 m respectively. Find the effective average permeability of the deposit 

in the horizontal and vertical directions.  

Solution: 

 

Soil profile 

 

Example 7.7 Calculate the co-efficient of permeability of a soil sample, 6 cm in height and 50 

cm2 in cross-sectional area, if a quantity of water equal to 430 ml passed down in 10 min. Under 

an effective constant head of 40 cm.  

On oven-drying, the test specimen has mass of 498 g. Taking the specific gravity of soil solids as 

2.65, calculate the seepage velocity of water during the test. 

Solution: 



 

 

Example 7.8 In a falling head permeameter test, the initial head (t = 0) is 40 cm. The head drops 

by 5 cm in 10 minutes. Calculate the time required to run the test for the final head to be at 

20cm. If the sample is 6 cm is height and 50 cm
2
 in cross-sectional area, calculate the coefficient 

of permeability, taking area of stand pipe = 0.5 cm
2
. 

Solution: 

 



 

 

Example 7.9 A cohesionless soil has a permeability of 0.036 cm per second at a void ratio of 

0.36. Make predictions of the permeability of this soil when at a void ratio of 0.45 according to 

the two functions of void ratio that are proposed. 

Solution: 

 

 



Example 7.10 In a falling head permeability test on a specimen 6 cm high and 50 cm
2
 in cross-

sectional area, the water level in the stand pipe, 0.8 cm
2
 in sectional area, dropped from a height 

of 60 cm to 20 cm in 3 min 20 sees. Find the permeability. 

Solution: 

 

Example 7.11 During a constant head permeameter test, a flow Q of 160 cm
3
 is measured in 5 

mins under a const, head of 15 cm. The specimen is 6 cm long and has a sectional area of 50 

cm
2
.The porosity n1 of specimen is 42%. Determine the permeability, the flow velocity V and 

seepage velocity Vs. Estimate K2 for n2 = 35%. 

Solution: Given Q = 160 cm
3 

L = 6 cm 



 

Example 7.12 A sand deposit is made up of three horizontal layers of equal thickness. The 

permeability of the top and bottom layers is 2 x10
-4

 cm/s and that of middle layer is 3.2 x 10
-

2
 cm/s. Find the equivalent permeability in the horizontal and vertical direction and their ratio. 

Solution: 



 

Example 7.13 Calculate the value of coefficient of permeability of soil with their effective dia 

0.5 mm. 

Solution: 

 

Example 7.14 A soil sample was tested in a constant head permeameter. The diameter and 

length of the sample was 3 cm and 15 cm respectively. Under a head of 30 cm, the discharge was 

found to be 80 cc in 15 minutes. 

Calculate: 



(i) Coefficient of permeability 

(ii) Type of soil used in the test 

Solution: 

 

(ii) The value of K lies between 10
-1

 to 10
-1

. The soil consists of fine gravel coarse, medium and 

fine sands. 

Example 7.15 The coefficient of permeability of a soil sample in found to be 1 X 10
-3

 cm/s at a 

void ratio of 0.4. Estimate its permeability at a void ratio of 0.6. 

Solution: 

 

Example 7.16 A soil sample 5 cm in length and 60 cm in cross-sectional area, water percolates 

through the sample in 10 minutes is 480 ml under a constant head of 40 cm. Weight of oven 

dried sample is 498 gm and specific gravity of soil = 2.65. 

Calculate: 

(i) Coefficient of permeability 

(ii) Seepage velocity. 



 

 

Example 7.17 If during a permeability test on a soil sample with falling head permeameter, 

equal time intervals are noted for drops of head from h1 and h2 and again from h1 to h2, find a 

relationship between h1, h2 and h3. 

Solution: 

For falling head from h1 and h2 



 

SEEPAGE AND FLOW NETS 

 

8.0 ILLUSTRATIVE EXAMPLES 

Example 8.1: For a homogeneous earth dam 52 m high and 2 m free board, a flow net was 

constructed and following results were obtained: 

          Number of potential drops = 25 

           Number of flow channels = 4 

The dam has a horizontal filter of 40 m length at its downstream end. Calculate the discharge 

per metre length of the dam if the coefficient of permeability of the dam material is 3x10
-

3
 cm/sec 

Solution: 



 

 


