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Introduction 

Soil Engineering EENV 4300 

 Soils are permeable due to the existence of  
interconnected voids through which water can flow 
from points of high energy to points of low energy. 

 This chapter covers the flow of water through soil 
media.  

 Permeability is the parameter to characterize the ability 
of soil to transport water.  

 One of the major physical parameters of a soil that 
controls the rate of seepage through it is hydraulic 
conductivity, otherwise known as the coefficient of 
permeability. 
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Importance of Permeability 
 Permeability influences the rate of settlement of a  

saturated soil under load. 
 Filters made of soils are designed based upon their 

permeability. 
 For making stability analyses of earth dams and earth-

retaining structures that are subject to seepage forces. 
 It is necessary for estimating the quantity of 

underground seepage under various hydraulic 
conditions (chapter 8) 

 For investigating problems involving the pumping of 
water for underground construction, 
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Bernoulli’s Equation 
 The total head at a point in water under motion 

 
 
 
 

 For water flow through soil, the velocity head can be 
neglected because the seepage velocity is small, and 
therefore: 
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Flow through Soil 
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Hydraulic Gradient ( i ) 
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Variation of v with hydraulic gradient 
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 In most soils, the flow of water through the void spaces 
can be considered laminar; thus, 
 
 

 In fractured rock, stones, gravels, and very coarse 
sands, turbulent flow conditions may exist, and 
equation (7.5) may not be valid. 
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 In most soils, the flow of water through the void spaces 
can be considered laminar; thus, eqn 7.5 can be written 
as 
 
 
 

Darcy’s  Law 

Notes: 1) Equation 7.6 was based primarily on Darcy’s 
observations about the flow of water through clean sands. 
2) Later, it has been proved that equation 7.6 is applicable for a 
wide range of soils. 
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 In equation 7.6, v  is the discharge velocity of water 
based on the gross cross-sectional area of the soil. 

 However, the actual velocity of water (also called the 
seepage velocity, or vs ) through the void spaces is 
greater than v. 

 A relationship between v and vs can be derived: 
 next slide 
 
 

Discharge velocity vs. actual velocity 
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…Discharge velocity vs. actual velocity 
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 Darcy’s law shows that how fast the groundwater flow 
in the aquifer depends on two parameters:  
1. how large is the hydraulic gradient of the water head. 
2. the parameter describing how permeable the aquifer 

porous medium –the coefficient of permeability 
(hydraulic conductivity) k. 
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 Hydraulic Conductivity (k) is a measure of soil 
permeability  

 Hydraulic conductivity is generally expressed in cm/s or 
m/s 

 The hydraulic conductivity depends on several factors: 
 fluid viscosity,  
 Pore size distribution,  
 grain-size distribution,  
 void ratio,  
 degree of soil saturation. 

Hydraulic Conductivity 
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Effect of Fluid Properties on the Hydraulic Conductivity 
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Note:  The hydraulic conductivity of unsaturated soils is lower and increases 
rapidly with the degree of saturation. 
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 Constant-head test  
 Falling-head test 

Laboratory Determination of Hydraulic Conductivity 
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 The water supply at the inlet 
is adjusted in such a way 
that the difference of head 
between the inlet and the 
outlet remains constant 
during the test period. 

 After a constant flow rate is 
established, water is 
collected in a graduated 
flask for a known duration. 

1- Constant-Head Test 



19 

…1- Constant-Head Test 
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2- Falling-Head Test 
 Water from a standpipe flows 

through the soil. The initial 
head difference h1 at time t = 0 
is recorded. 

 Water is allowed to flow 
through the soil specimen such 
that the final head difference at 
time t = t2 is h2 . 
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…2- Falling-Head Test 
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… 
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A. Horizontal flow in stratified soil 
B. Vertical flow in stratified soil 

Equivalent Hydraulic Conductivity in Stratified Soil 
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A- Horizontal flow in stratified soil 
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…A- Horizontal flow in stratified soil 
The total flow through the cross section in unit time can be 
written as 
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B- Vertical flow in stratified soil 
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B- Vertical flow in stratified soil 
In this case, the velocity of flow through all the layers is the 
same. However, the total head loss, h, is equal to the sum of 
the head losses in all layers. 
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… 
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… 
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Relationships for Hydraulic Conductivity—Granular Soil 
 For fairly uniform sand (sand with a small Cu), Hazen (1930) 

proposed an empirical relationship in the form: 
 
 
 
 

 Equation (7.23) is based primarily on Hazen’s (1930) 
observations of loose, clean, filter sands. A small quantity of 
silts and clays may change the hydraulic conductivity 
substantially. 

 Experimental observations have shown that the magnitude of 
c for various types of granular soils may vary by three orders 
of magnitude and, hence, is not very reliable. 
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…Relationships for Hydraulic Conductivity—Granular Soil 
 Your textbook recommends using the equation of Carrier 

(2003), which is: 
 
 
 
 
 
 
 
 
 
 

 Equation 7.30 suggests that  

The magnitude of SF may vary between 6 to 8, 
depending on the angularity of the soil particles. 
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…Relationships for Hydraulic Conductivity—Granular Soil 
 More recently, Chapuis (2004) proposed an empirical 

relationship for k : 
 
 
 
 

 The preceding equation is valid for natural, uniform sand and 
gravel to predict k that is in the range of 10-1 to 10-3 cm/s. 

 This can be extended to natural, silty sands without 
plasticity. It is not valid for crushed materials or silty soils 
with some plasticity.  
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…Relationships for Hydraulic Conductivity—Granular Soil 
Amer and Awad (1974) proposed the following relationship for 
k in granular soil: 
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Relationships for Hydraulic Conductivity—Cohesive Soils 
 Olsen (1961) conducted hydraulic conductivity tests on 

sodium illite and compared the results with Eq. (7.24). 
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…Relationships for Hydraulic Conductivity—Cohesive Soils 
 For a wide range of void 

ratio, Mesri and Olson 
(1971) suggested the use 
of a linear relationship 
between log k and log e 
in the form 
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…Relationships for Hydraulic Conductivity—Cohesive Soils 
 Samarasinghe et al. (1982) 

conducted laboratory tests 
on New Liskeard clay and 
proposed that, for normally 
consolidated clays, 

where C  and n  are constants to 
be determined experimentally 

Figure 7.17 Variation of k with 
en/(1+e) for normally consolidated 
New Liskeard clay 
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…Relationships for Hydraulic Conductivity—Cohesive Soils 
 Tavenas et al. (1983) gave a correlation between the void 

ratio and the hydraulic conductivity of clayey soil. 

CF: the clay-size 
fraction in the soil 
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… 
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Permeability Test in the Field by Pumping from Wells 

 In the field, the average hydraulic conductivity of a soil 
deposit in the direction of flow can be determined by 
performing pumping tests from wells. 

 Pumping tests can be done for: 
A. Unconfined Aquifers 
B. Confined Aquifers 
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A- Pumping Test for Unconfined Aquifer 
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…A- Pumping Test for Unconfined Aquifer 

 During the test, water is pumped out at a constant rate from a 
test well that has a perforated casing.  

 Several observation wells at various radial distances are 
made around the test well. 

 Continuous observations of the water level in the test well 
and in the observation wells are made after the start of 
pumping, until a steady state is reached (The steady state is 
established when the water level in the test and observation 
wells becomes constant). 
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 Using Fig. 7.26 
…A- Pumping Test for Unconfined Aquifer 
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B- Pumping Test for Confined Aquifer 
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…B- Pumping Test for Confined Aquifer 

 Pumping test is conducted from a well with a perforated 
casing that penetrates the full depth of the aquifer and by 
observing the piezometric level in a number of observation 
wells at various radial distances (Figure 7.27). Pumping is 
continued at a uniform rate q until a steady state is reached. 

 Because water can enter the test well only from the aquifer 
of thickness H, the steady state of discharge is 



58 

In Situ Hydraulic Conductivity of Compacted Clay Soils  
 There are several methods that can be used for estimating the 

hydraulic conductivity of compacted clay layer.  Three of 
these methods are described in your text book: 

1. Boutwell Permeameter 

2. Constant-Head Borehole Permeameter 

3. Porous Probes 

 Only the Boutwell Permeameter method will be covered. 
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Permeability Test with Boutwell Permeameter 



60 

 A hole is first drilled and a casing is placed in it (Figure 
7.28a).  

 The casing is filled with water and a falling-head 
permeability test is conducted 

 Based on the test results, the hydraulic conductivity k1 is 
calculated as 

 

…Permeability Test with Boutwell Permeameter 
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 Afterwards, the hole is deepened by augering, and the 
permeameter is reassembled as shown in Figure 7.28b.  

 A falling-head hydraulic conductivity test is conducted again 

 The hydraulic conductivity is calculated as  

 

…Permeability Test with Boutwell Permeameter 
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…Permeability Test with Boutwell Permeameter 
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…Permeability Test with Boutwell Permeameter 
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