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Introduction

Apparatus 
and Supplies

The general definition, theory, influencing factors, and so on for permeability as a soil parameter were given in the introduction to Chapter 17, which described the constant-head method for determining permeability. As indicated in that chapter, the constant-head method is applicable only to granular soils. The falling-head method, covered in this chapter, may be used to determine the permeability of both fine-grained soils (such as silts and clays) and coarse-grained, or granular, soils.

Permeability device

Ring stand with test tube clamp

Burette (100 mL)

Timing device

Thermometer

A falling-head permeability setup, including the first three items, is shown schematically in Figure 18–1.

Fabricate or compact the soil sample to form three specimens with different dry densities. Calculate the dry density of each specimen by finding the mass of the permeameter and of the permeameter plus compacted soil and taking a sample for water content determination. Also, measure each specimen’s diameter and length.

After obtaining these preliminary data, permeability tests can be performed. The general test procedure does not differ a great deal from the constant-head method. The soil specimen is first saturated with water. Water is then allowed to move through the specimen under a falling-head condition (rather than a stable-head condition), while the time required for a certain quantity of water to pass through the specimen is measured and recorded. Using these data together with others described previously, one can determine the coefficient of permeability.

A total of three permeability tests should be performed, one for each test specimen with different dry densities. Each specimen’s void ratio can be computed using the specific gravity of the soil and the corresponding dry density. A curve of permeability k versus void ratio e can then be plotted on semilogarithmic paper, with void ratio on the arithmetic scale and permeability on the logarithmic scale.

The actual step-by-step procedure is as follows [1]:

(1) Weigh the permeameter (mold) with base plate and gasket attached. Measure the inside diameter of the permeameter (mold). Note that the area a of the standpipe must be evaluated. Since the burette is graduated in cubic centimeters, measuring the distance between graduations will yield a as a simple, direct computation. Take a small portion of the soil sample for water content determination.

(2) Place the air-dried soil sample into the permeameter (mold) and compact it to a desirable density. Weigh the permeameter (mold) with base plate and gasket attached plus compacted soil and also measure the length of the specimen in centimeters. Determine the dry density and void ratio of the specimen.

(3) Place a piece of porous disk on the top of the specimen and a spring on the porous disk. Carefully clean the permeameter (mold) rim. With its gasket in place, press down the top (cover) plate against the spring and attach it securely to the top of the permeameter cylinder, making an air-tight seal. The spring should be compressed and should apply a pressure to the compacted soil specimen to keep it in place when it is saturated with water.

(4) Place the permeameter in a sink in which the water is about 2 in. above the cover. Be sure the outlet pipe is open so that water can back up through the specimen. This procedure will saturate the sample with a minimum amount of entrapped air. When water in the plastic inlet tube on top of the mold reaches equilibrium with water in the sink (allowing for capillary rise in the tube), the specimen may be assumed to be saturated. (A soaking period of 24 h might provide better results.)

(5) With the water level stabilized in the inlet tube of the permeability mold, take a hose clamp and clamp the exit tube. Remove the permeameter from the sink and attach it to the rubber tube at the base of the burette, which has been fastened to a ring stand (Figure 18–1). Fill the burette with water from a supply, which should be temperature-stabilized (and de-aired if desired).

(6) Now de-air the lines at the top of the specimen by opening the hose clamp from the burette and opening the petcock on top of the cover plate. Allow water to flow (but keep adding water to the burette so it does not become empty) from the petcock. When no more air comes out, close the petcock. Do not close the inlet tube from the burette. Remember that the exit tube is still clamped shut.

(7) Fill the burette to a convenient height, and measure the hydraulic head across the sample to obtain h1 (see Figure 18–1).

(8) Open the exit tube (and petcock) and simultaneously start timing the test. Allow water to flow through the sample until the burette is almost empty. Simultaneously record the elapsed time and clamp only the exit tube. Measure the hydraulic head across the sample at this time to obtain h2 (see Figure 18–1). Take the temperature each time.

(9) Refill the burette and repeat (8) two additional times. Take the temperature each time.

(10) To check on whether the sample is saturated, one may collect the water coming out of the exit tube and compare this volume with that entering the sample. Obviously, if

qout , qin
the specimen was not saturated.

Data collected during this test consist of the following:

Mass of permeameter (mold) with base plate and gasket attached (g)

Mass of permeameter (mold) with base plate and gasket attached plus soil (g)

Length of specimen, L (cm)

Diameter of specimen, D (cm)

For water content determination:

Mass of air-dried soil plus can (g)

Mass of oven-dried soil plus can (g)

Mass of can (g)

Cross-sectional area of standpipe (burette), a (cm2)

Hydraulic head at beginning of test [see “Procedure,” step (7), and Figure 18–1], h1 (cm)

Hydraulic head at end of test [see “Procedure,” step (8), and Figure 18–1], h2 (cm)

Total time for water in burette to drop from h1 to h2, t (s)

Temperature of water, T (°C)

[A] Unit Weight Determination

Values of the unit weight of the air-dried soil specimen, water content of the air-dried soil, dry unit weight of the soil specimen, and void ratio can be computed in the same manner as related in Chapter 17.

[B] Permeability Test

The coefficient of permeability can be computed using equation [1]


(18–1)

where:


k 5 coefficient of permeability, cm/s


a 5 cross-sectional area of standpipe (burette), cm2

L 5 length of specimen, cm


A 5 cross-sectional area of soil specimen, cm2

h1 5 hydraulic head at beginning of test, cm


h2 5 hydraulic head at end of test, cm


t 5 total time for water in burette to drop from h1 to h2, s

The permeability computed using Eq. (18–1) is the value for the particular water temperature at which the test was conducted. It is necessary to correct this permeability to that for 20°C by multiplying the computed value by the ratio of viscosity of water at the test temperature to viscosity of water at 20°C (see Table 17–2, page250).

A laboratory test was conducted according to the procedure described previously. The following data were obtained:

Mass of permeameter (mold) with base plate and gasket attached 5 1,098.5 g

Mass of permeameter (mold) with base plate and gasket attached plus soil 5 3,401.1 g

Length of specimen, L 5 15.80 cm

Diameter of specimen, D 5 10.16 cm

For water content determination:

Mass of air-dried soil plus can 5 308.17 g

Mass of oven-dried soil plus can 5 305.40 g

Mass of can 5 53.60 g

Cross-sectional area of standpipe (burette), a 5 1.83 cm2
Hydraulic head at beginning of test, h1 5 150.0 cm (same reading for each of three trials)

Hydraulic head at end of test, h2 5 20.0 cm (same reading for each of three trials)

Total times for water in burette to drop from h1 to h2, t 5 32.3 s, 32.6 s, 31.7 s (respective values for each of three trials)

Water temperature, T 5 22°C (same value for each of three trials)

Additionally, the specific gravity of the solids is known to be 2.71 from a previous test.

[A] Unit Weight Determination

With the soil specimen’s diameter known, its cross-sectional area A can be calculated:

With the length of the soil specimen known, its volume can be computed:

Volume of specimen 5 (81.07)(15.80) 5 1,280.9 cm3
With the mass of the permeameter and of the permeameter plus soil known, the air-dried soil specimen’s mass and then its unit weight can be determined:

Mass of air-dried soil specimen 5 3,401.1 2 1,098.5 5 2,302.6 g

The water content of the air-dried soil sample can be determined as follows:

Mass of water 5 308.17 2 305.40 5 2.77 g


Mass of oven-dried soil 5 305.40 2 53.60 5 251.80 g

The dry unit weight of the soil specimen can now be calculated:

The volume of solids, volume of voids, and void ratio can be obtained as follows:

Volume of voids 5 1 2 0.6564 5 0.3436 ft3
(For a more complete explanation of the determination of void ratio, see the section “Numerical Example” in Chapter 17.)

[B] Permeability Test

For trial no. 1 of the permeability test, the standpipe’s cross-sectional area, a, is 1.83 cm2; length of specimen, L, is 15.80 cm; specimen’s cross-sectional area, A, is 81.07 cm2; total time, t, for the water in the standpipe (burette) to drop from h1 to h2 is 32.3 s; hydraulic head at the beginning of the test, h1, is 150.0 cm; and hydraulic head at the end of the test, h2, is 20.0 cm. With these data known, coefficient of permeability k can be computed using Eq. (18–1):


(18–1)

To correct for permeability at 20°C, the ratio of the viscosity of water at 22°C to that at 20°C is determined from Table 17–2 to be 0.9531. The permeability at 20°C is therefore

k20°C 5 (2.222 2 1022)(0.9531) 5 2.118 2 1022  cm/s

In like manner, calculation of k20°C for trials no. 2 and 3 yields 2.099 2 1022 and 2.158 2 1022 cm/s, respectively. Taking an average gives

These results, together with the initial data, are summarized in the form on pages 269 and 270. At the end of the chapter, two blank copies of this form are included for the reader’s use.

As explained in Chapter 17, a graph, on semilogarithmic paper, of permeability (logarithmic scale) versus void ratio (arithmetic scale) is normally included in the report of the results of a permeability test. See the section “Graph” of Chapter 17 for a complete explanation.

As indicated previously, the falling-head method for determining soil permeability may be used for both fine-grained and coarse-grained soils. Table 18–1 gives some general information with regard to permeability and drainage characteristics of soils. A permeability of 1024 cm/s may be considered borderline between pervious and impervious soils. A soil with permeability less than 1024 cm/s might thus be considered for a dam core or impervious blanket, whereas one with permeability greater than 1024 cm/s might be used for a dam shell or pervious backfill [2].

It should be emphasized again that permeability determined in a laboratory may not be truly indicative of in situ permeability. Several reasons for this were cited in the section “Conclusions” at the end of Chapter 17.

[1] Joseph E. Bowles, Engineering Properties of Soils and Their Measurement, McGraw-Hill Book Company, New York, 1970.

[2] T. William Lambe, Soil Testing for Engineers, John Wiley & Sons, Inc., New York, 1951.

[3] Karl Terzaghi and Ralph B. Peck, Soil Mechanics in Engineering Practice, 2d ed., John Wiley & Sons, Inc., New York, 1967.

Soils Testing Laboratory
Permeability Test:
Falling-Head Method

Sample No.
3
Project No.
SR 1820
Location
Southport
Boring No.
B-6
Depth of Sample
4 ft
Date of Test
5/27/02
Tested by
John Doe
Description of Soil
Light brown sand with some mica
[A] Unit Weight Determination

 (1)  Mass of permeameter (mold) with base plate and gasket attached 1 soil
  3,401.1   g

 (2)  Mass of empty permeameter with base plate and gasket attached
 1,098.5   g

 (3)  Mass of soil specimen [(1) 2 (2)]   2,302.6   g

 (4)  Diameter of soil specimen, D [i.e., inside diameter of permeameter (mold)]
  10.16  cm

 (5)  Cross-sectional area of soil specimen    81.07   cm2
 (6)  Length of soil specimen in permeameter, L   15.80   cm

 (7)  Volume of soil specimen [(5) 2 (6)]   1,280.9   cm3
 (8)  Unit weight of soil specimen (air dried)    112.2    lb/ft3
 (9)  Water content of soil specimen (air dried)   1.10    %


(a) Can no.   3-C   


(b) Mass of air-dried soil 1 can   308.17   g


(c) Mass of oven-dried soil 1 can   305.40   g


(d) Mass of can   53.60   g


(e) Mass of water   2.77   g


(f) Mass of oven-dried soil   251.80   g


(g) Water content    1.10   %

(10)  Dry unit weight of soil specimen    111.0   lb/ft3
(11)  Specific gravity of soil   2.71   

(12)  Volume of solids    0.6564   ft3
(13)  Volume of voids [1 2 (12)]   0.3436   ft3
(14)  Void ratio, e, of soil specimen    0.523   

[B] Permeability Test

(1)  Cross-sectional area of standpipe, a   1.83   cm2
(2)  Length of soil specimen in permeameter, L   15.80   cm

(3)  Cross-sectional area of soil specimen, A   81.07   cm2
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Project No.


Location

Boring No.


Depth of Sample

Date of Test


Tested by


Description of Soil


[A] Unit Weight Determination

 (1)  Mass of permeameter (mold) with base plate and gasket attached 1 soil
            g

 (2)  Mass of empty permeameter with base plate and gasket attached
           g

 (3)  Mass of soil specimen [(1) 2 (2)]             g

 (4)  Diameter of soil specimen, D [i.e., inside diameter of permeameter (mold)]
         cm

 (5)  Cross-sectional area of soil specimen            cm2
 (6)  Length of soil specimen in permeameter, L           cm

 (7)  Volume of soil specimen [(5) 2 (6)]             cm3
 (8)  Unit weight of soil specimen (air dried)             lb/ft3
 (9)  Water content of soil specimen (air dried)           %


(a) Can no.         


(b) Mass of air-dried soil 1 can            g


(c) Mass of oven-dried soil 1 can            g


(d) Mass of can           g


(e) Mass of water          g


(f) Mass of oven-dried soil            g


(g) Water content           %

(10)  Dry unit weight of soil specimen            lb/ft3
(11)  Specific gravity of soil          

(12)  Volume of solids             ft3
(13)  Volume of voids [1 2 (12)]            ft3
(14)  Void ratio, e, of soil specimen            

[B] Permeability Test

(1)  Cross-sectional area of standpipe, a          cm2
(2)  Length of soil specimen in permeameter, L           cm

(3)  Cross-sectional area of soil specimen, A           cm2
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Sample No.

Project No.


Location

Boring No.


Depth of Sample

Date of Test


Tested by


Description of Soil


[A] Unit Weight Determination

 (1)  Mass of permeameter (mold) with base plate and gasket attached 1 soil
            g

 (2)  Mass of empty permeameter with base plate and gasket attached
           g

 (3)  Mass of soil specimen [(1) 2 (2)]             g

 (4)  Diameter of soil specimen, D [i.e., inside diameter of permeameter (mold)]
         cm

 (5)  Cross-sectional area of soil specimen            cm2
 (6)  Length of soil specimen in permeameter, L           cm

 (7)  Volume of soil specimen [(5) 2 (6)]             cm3
 (8)  Unit weight of soil specimen (air dried)             lb/ft3
 (9)  Water content of soil specimen (air dried)           %


(a) Can no.         


(b) Mass of air-dried soil 1 can            g


(c) Mass of oven-dried soil 1 can            g


(d) Mass of can           g


(e) Mass of water          g


(f) Mass of oven-dried soil            g


(g) Water content           %

(10)  Dry unit weight of soil specimen            lb/ft3
(11)  Specific gravity of soil          

(12)  Volume of solids             ft3
(13)  Volume of voids [1 2 (12)]            ft3
(14)  Void ratio, e, of soil specimen            ##
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Figure 18–1  Schematic of the Falling-Head Permeability Setup [1]
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Chapter 18Table 18–1  Permeability and Drainage Characteristics of Soilsa [3]

Coefficient of Permeability k (cm/s) (log scale)


102
101
1.0
1021
1022
1023
1024
1025
1026
1027
1028
1029
Drainage
Good
Poor
Practically Impervious

Soil Types

Direct Determination 
of k

Indirect Determination 
of k

aAfter Casagrande and Fadum (1940).Clean gravelClean sands, clean sand and gravel mixturesVery fine sands, organic and inorganic silts, mixtures of sand, silt, and clay, glacial till, stratified clay deposits, etc.“Impervious” soils, e.g., homogeneous clays 
below zone of weathering“Impervious” soils modified by effects of vegetation and weatheringDirect testing of soil in its original position—pumping tests; reliable if properly conducted; considerable experience requiredConstant-head permeameter; little experience requiredFalling-head permeameter; reliable; little experience requiredFalling-head permeameter; unreliable; much experience requiredFalling-head permeameter; fairly reliable; considerable experience necessaryComputation from grain-size distribution; applicable only to clean cohesionless sands and gravelsComputation 
based on results of consolidation tests; reliable; considerable experience requiredReferences#
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h2
t
T
at T°C,
Viscosity at T°C
at 20°C,



(cm)
(cm)
(s)
(°C)
kT (cm/s)
Viscosity at 20°C
k20 (cm/s)

(1)
(2)
(3)
(4)
(5)

(7)
(8)








(see Table 17–2)


1
150.0
20.0
32.3
22
2.222 2 1022
0.9531
2.118 2 1022

2
150.0
20.0
32.6
22
2.202 2 1022
0.9531
2.099 2 1022

3
150.0
20.0
31.7
22
2.264 2 1022
0.9531
2.158 2 1022
Average k20°C 5 1—3(2.118 1 2.099 1 2.158) 2 1022

k20°C 5 2.125 2 1022 cm/s##
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(see Table 17–2)

##[B] Permeability Test

(1)  Cross-sectional area of standpipe, a          cm2
(2)  Length of soil specimen in permeameter, L           cm

(3)  Cross-sectional area of soil specimen, A           cm2
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