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Abstract 
  
Darcy law states that permeability of soil is a function of discharge, hydraulic 

gradient, and surface area, however, the permeability of soil can also be 

influenced by the change in surrounding stress (confining and normal 

stresses) and depth, in construction of geo-engineering and civil projects such 

as high rise buildings, artificial capillary barriers, earthen dams, land 

subsidence, filter design in retaining walls, granular sub-base in pavements, 

etc. Therefore, detailed understanding and determination of the permeability 

of fine-grain soils are quite essential to execute the above-mentioned 

engineering projects safely and economically. In this research work, the 

hydraulic conductivity of fine-grained soil (silty-sandy soil) was determined 

employing flexible wall permeameter. Tests were performed on cylindrical 

soil sample of l/d≈ 2 ratio, under varying confining stress and fluid flow 

pressure. Results obtained explains that discharge (q) is inversely 

proportional to confining pressure as the soil grains gets closely packed when 

the surrounding stress increases and thus decreases the permeability. 
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1 Introduction 
 
 Permeability is an inert property of a soil in which water flows through 

interconnected voids, spaces, or cracks. A detailed study on permeability of 

sub-soil is important in most of the infrastructure developments such as 

offshore structures, sheet pile walls, pile foundations, skyscrapers, 

pavements, nuclear disposals, landfills, and earth liners, etc. The soil 

parameters viz., effective pressures, molding water content, size of clay 

clods, may influence the hydraulic conductivity of soil [3,5]. These 

independent influences of factors cannot be determined from conventional 

tests whereas laboratory testing, allows more control on stress-state variables 

that affects the permeability of soils and help evaluate the direction of water 

flow, storage time, desiccation cracking on the clay soil, etc [15].  Most of 

the researchers have studied the criteria in rigid wall permeameters (RWP’s) 

where sidewalls leakages is the major disadvantage occur in them [7]. This 

problem can be prevented in flexible wall permeameters by applying 

volumetric pressure along with base pressure saturation and by controlling 

stress- state variables during tests [15]. Few drawbacks of conventional 

FWP’s can be avoided with corrections recommended by [4].  

 Most of the earlier researches have altered the soil composition of soil 

with very less permeability by adding certain percentages of sand and 

classified the sample as sand-clay mixture, sand-bentonite mixture, sand-silt 

mixture [2, 6, 16, 17, 20] and with increased hydraulic gradient for speedy 

and economic reasons. Moreover, different authors have tested soil 

permeability with nanomaterials, geosynthetic clay liners, quick lime, and in 

different molding water contents (dry of OMC, OMC, and wet of OMC) and 

observed that a definite pattern of non-darcian behavior was observed in 

poorly graded samples.Whereas for samples with large amount of fine grains 

and low to medium plasticity index, darcian behavior was observed, without 

a perceptible change in flow regime [8, 11, 12, 13, 16, 19]. 

 Limited research has been made in studying the permeability of natural 

fine-grained soils. With this in view, investigations are carried out on 

hydraulic conductivity under different confining stress and hydraulic 

gradients, employing FWP, under the guidelines of ASTM D5084 (2006). In 

this research, tests ate carried out on a cylindrical sample of sandy silty soil 

sample of length to diameter ratio ≈ 2 among three different conditions of  

 

 

 

 

 



                                                                                                                  
 

 

 

 

 
 

       Effect of Surrounding Stress on Permeability of Fine-Grain Soil 2841 

 

confining pressures (50,100, and 300 kPa) and flow pressure of 40 kPa to 

understand the behavior of the flow. 

 Objective: To investigate the effect of confining stress on permeability. 

 

2 Methodology 
 

 Tests on permeability k, are carried on the cylindrical samples prepared 

using constant volume split cylinder mold manufactured by Humboldt U.S.A 

consists of a round base plate and two vertical cylindrical cut in half, that 

have to join together with a screw arrangement is used in this study. As such 

identical samples are prepared and tests were conducted using Flexible wall 

permeameter (Fig.1). The test procedure described in ASTM D5084- 06 

adhered strictly.        

     

  

 

 

 

 

 

 

 

 

 
(a)                                                          (b) 

Figure 1: (a) Flexible Wall Permeameter [20] (b) Closer look on the permeability 

cell 

 

2.1 Sample Information 
 
 The soil collected from the bank of Malkam lake Hyderabad district, 

Telangana state from test pits. The tests carried out to determine the index 

properties were as per Indian Standard Codes and   the results obtained are 

presented in table 1. 

Table 1 Sample Information from testpits. 
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3 Experimental Work 
 

 (i) Assembling of soil sample in the permeability cell has been explained 

elaborately in the articles [10, 18].  
 (ii) The direct measurement test methods measure the rate of flow of 

water through a well-equipped laboratory. This section consists of details of 

flexible wall permeability tests. The ASTM titled a test method “Standard 

Test Methods for Measurement of Hydraulic Conductivity of Saturated 

Porous Materials Using a Flexible Wall Permeameter” covers multiple 

methods which comprise of Constant Head; Falling Head; Constant Rate of 

Flow; Constant Volume. In the present study, the Constant Rate of Flow 

method is selected as the most feasible for the type of soil used. This is 

similar to the British standard for constant head triaxial permeability test 

(BS1377-6 1990). 

 (iii) Measuring hydraulic conductivity “k” of the soil sample is described 

below:  

 The hydraulic conductivity of silty-sandy mixtures was tested using a 

flexible wall permeameter constant rate of flow. This test procedure includes 

the following stages: 

 

3.1 Soaking and Saturation of the Specimen  
  

 Refer to the research article [9]  for the detailed explanation of placement 

of sample with porous stones at both the ends along with filter papers and O 

rings at the top and bottom in the permeability cell and locked by the top 

plate mounted on the cell using three screws at 120° apart. Further, back 

(base) pressure saturation was used to achieve almost complete saturation. 

The saturation was verified by plotting a graph between time and discharge 

[inflow and outflow], where values are recorded at an interval of 1 hour due 

to highly plastic soil for at least 60  hours to ensure that the sample has 

attained almost complete saturation. 

 

3.2 Permeation 
 
 After attaining the saturation, a confining pressure (50 kPa) and a flow 

pressure (40 kPa) has been subjected on the sample. The flow pressures are 

adjusted by creating a difference in top and base pressures and it was ensured 

that the applied base or top pressure should not exceed the applied cell 

pressure as it would lead to bulging or distorting of sample. Discharge (q) 

was measured at an interval of 1 hour until a steady flow condition was 

attained and verified by plotting a graph between discharge rate q (m3/sec) 

versus time(s) when there are no significant upward or downward trends for 

at least six consecutive values. The time to achieve the steady flow was  
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around 30-33 hours. Therefore, in this investigation, all the hydraulic 

conductivity tests were continuous up to 33 hours. Saturated hydraulic 

conductivity (k) is calculated based on Darcy’s law; which explains 

relationship among the volumetric flow of water throughout the c/s area of 

the sample during the time under hydraulic gradient, i and it is calculated by:  

                      
      

       
                                                                                                   (1)                  

 Where: 

Δq is the discharge rate flowing through the sample (cm
3
)  

L is the sample height (cm)  

A is the cross-section area of flow (cm
2
). 

ΔH is the difference between the base pressure of the bottom and top of the 

sample (cm). 

 

4 Results 
 

 The relationship between discharge, q (m
3
/s) and time, t (sec) 

corresponding to different confining stress, σ3 (=50,100 & 300 kPa) and flow 

pressure, fp (=40kPa) as illustrated in Fig.2. Generally, there is a rapid 

increase in q initially, (from 1500 seconds) indicate unsteady flow 

conditions, which later becomes almost constant after a certain interval of 

time, attaining steady-state flow conditions. It is noted that non linearity is 

present between q and t and q increases with t and becomes steady after 

achieving steady-state flow. In the initial stages of fluid flow condition (also 

called transient flow) occurs during saturation where the flow is not constant 

with respect to time. Whereas in the interim stage, due to the obstruction of 

pore size grains that are closely packed (impermeable particles) and the flow 

velocity being disturbed (Reynolds number may lie between 2000-4000). In 

Fig.2, it delineates that the flow is high in the initial phase of the test 

(t=12,000 to 75,000 seconds). Although the change in q beyond 75,000 

seconds is virtually constant, this can be ascribed to steady-state flow 

conditions.  It can be observed in fig.2 that the test has been conducted for a 

long period of time (133200 seconds) for σ3=50kPa to study the uniform 

steady flow and its characteristics whereas the earlier researches have 

stopped the experiments as soon as the steady-state has reached [10]. In Fig 

2, it can also be observed that q is reducing with an increase in σ3. 

Furthermore, it is noticed that q de-escalates conspicuously with an increase 

in σ3 relative at the same fp. This can be explained by assuming abundant 

fines filling up void spaces ascribing to rearrangement of grains in the 

aperture of void spaces and porosity due to high σ3. A similar course in the 

results (q vs. t) is noticed for all similar samples at different σ3. The results 

are in accordance with the results by earlier researchers [2, 6, 18, 9].  
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Figure 2: Relationship between discharge, q (m
3
/s) and time, t (sec) corresponding 

to different σ3 (kPa) and fp (=40kPa). 

 

5 Conclusions 
 

 The experimental investigation on the permeability of fine-grained soil 

was carried out to understand the influence of σ3 and fp, on the permeability. 

The non-bilinear correlation between q (m
3
/s) and t(s) was observed and this 

nonlinear relationship between q vs. t predicts the change in flow regime 

(laminar/ turbulent) with an increase in σ3. Moreover, the gradient of q vs. t 

is continuously decreasing corresponding to each incremental σ3 indicates its 

significant impact. Whereas, nonlinear relationship between q vs. σ3 

indicates that q significantly decreases with σ3 and q asymptote at higher σ3. 

The confining pressures and flow pressures selected in this study simulate the 

stress conditions equivalent to a depth of ≥25m below the earth's crust.  
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