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APPENDIX VII:

PERMEABILITY TESTS

i. DARCY’S LAW FOR FLOW OF WATER THROUGH SOIL. The flow of

water through a soil medium is assumed to follow Darcy’s law:

where q=
k =
iz

q =  kiA

rate of discharge through a soil of cross-sectional area A

coefficient of permeability

hydraulic gradient: the loss of hydraulic head per unit
distance of flow

The application of Darcy’s law to a specimen of soil in the laboratory is

illustrated in Figure i. The coefficient of permeability, k (often termed
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Figure i. Flow of water through soil
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“permeability”), is defined as the rate of discharge of water at a tem-

perature of 20 C under conditions of laminar flow through a unit cross-

sectional area of a soil medium under a unit hydraulic gradient. The

coefficient of permeability has the dimensions of a velocity and is usually

expressed in centimeters per second. The permeability of a soil depends

primarily on the size and shape of the soil grains, the void ratio of the

soil, the shape and arrangement of the voids, and the degree of saturation.

Permeability computed on the basis of Darcy’s law is limited to the

conditions of laminar flow and complete saturation of the voids. In turbu-

lent flow, the flow is no longer proportional to the first power of the

hydraulic gradient. Under conditions of incomplete saturation, the flow is

in a transient state and is time-dependent. The laboratory procedures

presented herein for determining the coefficient of permeability are based

on the Darcy conditions of flow. Unless otherwise required, the coefficient

of permeability shall be determined for a condition of complete saturation

of the specimen. Departure from the Darcy flow conditions to simulate

natural conditions is sometimes necessary; however, the effects of turbu-

lent flow and incomplete saturation on the permeability should be recognized

and taken into consideration.

2. TYPES OF TESTS AND EQUIPMENT. a. Types of Tests. (1) Constant--
head test. The simplest of all methods for determining the coefficient of

permeability is the constant-head type of test illustrated in Figure f. This

test is performed by measuring the quantity of water, Q, flowing through

the soil specimen, the length of the soil specimen, L, the head of water,

h, and the elapsed time, t. The head of water is kept constant throughout

the test. For fine-grained soils, Q is small and may be difficult to mea-

sure accurately. Therefore, the constant-head test is used principally for

coarse-grained soils (clean sands and gravels) with k values greater than

about 10 X iOm4 cm per sec.

(2) Falling-head test. The principle of the falling-head test

is illustrated in Figure 2, This test is conducted in the same manner as

-
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STANDPIPE
-I

OVERFLOW

USING SETUP SHOWN IN (a), THE COEFFICIENT OF PERMEAEILITY IS
DETERMINE0 AS FOLLOWS:

ho h
k = z in- = *.s~s 5 i09,~*

hf f

USING SETUP SHOWN IN (b), THE COEFFICIENT OF PERMEABILITY ls
DETERMINED AS FOLLOW%

k

WHERE: hC = HEIGHT OF CAPILLARY RISE
0 = INSIDE AREA OF STANDPIPE

A = CROSS-SECTIONAL AREA OF SPECIMEN
L = LENGTH OF SPECIMEN

ho = HEIGHT OF WATER IN STANDPIPE ABOVE
DISCHARGE LEVEL MINUS hC AT TIME, to

hf = HEIGHT OF WATER IN STANDPIPE ABOVE
D IS CH A R G E  L E V E L  M I N U S  hC A T  T I M E , tf

t = E L A P S E D  TIME, tt - to

Figure 2. Principle of falling-head test
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the constant-head test, except that the head of water is not maintained

constant but is permitted to fall within the upper part of the specimen

container or in a standpipe directly connected to the specime-n. The quan-

tity of water flowing through the specimen is determined indirectly by

computation. The falling-head test is generally used for less pervicus

soils (fine sands to fat clays) with k values less than IO X IOw4 cm

per sec.

b. Equipment. The apparatus used for permeability testing may-
vary considerably in detail depending primarily on the condition and

character of the sample to be tested. Whether the sample is fine-grained

or coarse-grained, undisturbed, remolded, or compacted, saturated or

nonsaturated will influence the type of apparatus to be employed. The

basic types of apparatus, grouped according to the type of specimen con-

tainer (permeameter), are as follows:

(4) Permeameter cylinders

(2) Sampling tubes

(3) Pressure cylinders

(4) Consolidometers

The permeability of remolded cohesionless soils is determined in

permeameter cylinders, while the permeability of undisturbed cohesion-

less soils in a vertical direction can be determined using the sampling

tube as a permeameter. The permeability of remolded cohesionless soils

is generally used to approximate the permeability of undisturbed cohesion-

less soils in a horizontal direction. Pressure cylinders and consolidome-

ters are used for fine-grained soils in the remolded, undisturbed, or

compacted state. Fine-grained soils can be tested with the specimen

oriented to obtain the permeability in either the vertical or horizontal di-

rection. The above-listed devices are described in detail under the

individual test procedures. Permeability tests,utilizing the different types

of apparatus, together with recommendations regarding their use, are

discussed in the following paragraphs.
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3. CONSTANT-HEAD PERMEABILITY TEST WXTH PERMEAMETER

C Y L I N D E R .  2. Use. The constant-head permeability test with the

permeameter cylinder shall in general be used for determining the per-

meability of remolded samples of coarse-grained soils such as clean

sands and gravels having a permeability greater than about i0 X 1O-4 cm

per sec.

!z* Apparatus. The apparatus and accessory equipment should

consist of the following:

(1) A permeameter cylinder similar to that shown schemati-

cally in Figure 3a. The permeameter cylinder should be constructed of a

transparent plastic material, The inside diameter of the cylinder should

be not less than about i0 times the diameter of the largest soil particles,

except when the specimenis encased ina rubber membrane as in the perm-e-

ability test with pressure chamber, in which case the diameter of the cylin-

der should be at least six times the diameter of the largest soil particles.
Ckrrhmd Dewrd OtdAd Hbfv L$,+

b

- =

Cal CONSTANT-HEAD APPARATUS (bl fALLiNC-HEAD A P P A R A T U S

Figure 3. Schematic diagram of constant-head and falling -head
permeability apparatus
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Piezometer taps along the side of the permeameter within limits to be oc-
cupied by the sample are advantageous in that the head loss within the
sample is always measured across a fixed distance and rapid determina-
tion of hydraulic gradient can be made.

(2) Perforated metal or plastic disks and circular wire

screens, 35 to 400 mesh, cut for a close fit inside the permeameter.

(3) Glass tubing, rubber or plastic tubing, stoppers, screw

clamps, etc., necessary to make connections as shown in Figure 3a.

(4) Filter materials such as Ottawa sand, coarse sand, and

gravel of various gradations.

(5) A device for maintaining a constant-head water supply.

(6) Deaired distilledt water. Tapwater contains dissolved

air and gases which separate from solution in the initial layers of a test

specimen of soil in the form of small bubbles. These bubbles reduce the

permeability of the soil by decreasing the void space available for the

flow of water. The most common method for removing dissolved air

from water is by boiling the water and then cooling it at reduced pres-

sures. This method is applicable oniy with small quantities of water.

Freshly distilled water also has a very negligible amount of air. Large

quantities of deaired distilled water may be prepared and retained for

subsequent use by spraying distilled water in a fine stream into a con-

tainer from which the air has been evacuated (see Fig. 4). Permeability

tests on saturated specimens should show no significant decrease in

permeability with time if properly desired distilled water is used. How-

ever, if such a decrease in permeability occurs during a test, then a pre-

filter, consisting of a layer of the same material as the test specimen,

should be used between the deaired distilled water reservoir and the test

specimen to remove the air remaining in solution. $

t Demineralized water or tapwater when it is known to be relatively free
of minerals may be used in place of distilled water.

.

$ G. E. Bertram, An Experimental Investigation of Protective Filters,
Soil Mechanics Series No. 7, Harvard University (Cambridge, Mass.,
January i940, reprinted May i959).
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FRO” D I S T I L L E D  WATER
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Figure 4. Schematic diagram of apparatus for preparing
deaired distilled water

(7) Manometer board with tubing leading from the piezom-

eter taps. If piezometer taps are not provided, equipment to measure

the distance between the constant-head source and tailwater is required.

(8) Timing device, a watch or clock with second hand.

(9) Graduated cylinder, 100 -ml capacity.

(i0) Centigrade thermometer, range 0 to 50 C, accurate

to 0.i c.

(ii) Balance, sensitive to 0.i g.

(12) Oven (see Appendix I, WATER CONTENT - GENERAL).
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(13)  Scale ,  graduated in cent imeters.

c. Placement and Saturation of Specimen. Placement and satura-

tion of the specimen shall be done in the following steps:

(1) Record all identifying information for the specimen* such

as project, boring number, sample number, or other pertinent data, on a

data sheet (Plate VII-1 is a suggested form).

(2 )  Oven-dry  the  spec imen, Allow it to cool and weigh to the

nearest 0.1 g. Record the oven-dry weight of material on the data sheet

opposite W s. The amount of mate_rial should be sufficient to provide a

specimen in the permeameter having a minimum length of about one to two

times the diameter of the specimen.

(3) Place a wire screen, with openings small enough to retain

the specimen, over a perforated disk near the bottom of the permeameter

above the inlet. The screen openings should  be approximately equal to the

i0 percent size of the specimen.

(4) Al low deaired distilled water to enter the water inlet of the

permeameter to a height o f about i/2 in. above the bottom of the screen,

taking care that no air bubbles are trapped under the screen.

(5) Mix the material thoroughly and place in the permeameter

to avoid segregation. The material should be dropped just at the water

surface, keeping the water surface about i/2 in. above the top of the soil

during placement. A funnel or a special spoon as shown in Figure 5 is

convenient for this purpose.

(6) The placement procedure outlined above will Rsult in a

saturated specimen of uniform density although in a relatively loose condi-

tion. To produce a higher density in the specimen, the sides of the perme-

ameter containing the soil sample are tapped uniformly along its circum-

ference and length with a rubber mallet to produce an increase in density;

however, extreme caution should be exercised so that fines are not put into

suspension and segregated within the sample. As an alternative to this pro-

cedure, the specimen may be placed in the in the dry using a funnel or
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spoon which permits the material

to fall a constant height. The de-

sired density may be achieved by

vibrating the specimen to obtain a

specimen of predetermined height,

Compacting the specimen in layers
is not recommended as a film of
dust may be formed at the surface
of the compacted layer which might
affect the permeability results,
After placement, apply a vacuum
to the top of the specimen and per-
mit water to enter the evacuated
specimen through the base of the
permeameter.

(7) After the speci-

men has been placed, weigh the

excess material, if any, and the

container. The specimen weight is

the difference between the original

weight of sarnple and the weight of

the excess material. Care must

be taken so that no material is lost

da ring placement of the specimen.

If there is evidence that material has

been lost, oven-dry the specimen

and weigh after the test as a check.

FRONT VIEW

,CONNEClWG
WRE

Figure 5. Spoon for placing
cohesionless soils

(8) Level the top of the specimen, cover with a wire screen

similar to that used at the base, and fill the remainder of the permeameter

with a filter material.

(9) Measure the length of the specimen and inside diameter of

the permeameter to the nearest 0.3 cm and record on the data sheet as

initial height and diameter of specimen.

(10) Test the specimen at the estimated natural void ratio or
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at a series of different void ratios, produced by increasing the amount of

vibration after each permeability determination. Measure and record the

length (height) of specimen in the permeameter prior to each determina-

tion. Permeability determinations at three different void ratios are

usually sufficient to establish the relation of void ratio to permeability.

d. Procedure. The procedure shall consist of the following steps:

(I) Measure the distance, Li, between the centers of the

piezometer taps to the nearest O.Oi cm and record on the data sheet.

(2) Adjust the height of the constant-head tank to obtain the

desired hydraulic gradient. The hydraulic gradient should be selected so

that the flow through the specimen is laminar. The range of laminar flow

conditions can be determined by plotting discharge versus hydraulic gra-

dient. A straight-line relation indicates laminar flow, while deviations

from the straight-line at high gradients indicate turbulent flow. Laminar

flow for fine sands is limited to hydraulic gradients less than approxi-

mately 0.3. It is usually not practicable to achieve laminar flow for

coarser soils, and the tests generally should be run at the hydraulic

gradient anticipated in the field.

(3) Open valve A (see Fig. 3a) and record the initial piezom-

eter readings after the flow has become stable. Exercise care in building

up heads in the permeameter so that the specimen is not disturbed.

(4) After allowing a few minutes for equilibrium conditions

to be reached, measure by means of a graduate the quantity of discharge

corresponding to a given time interval. Measure the piezometric heads

and the water temperature in the permeameter.

(5) Record the quantity of flow, piezometer readings, water

temperature, and the time interval during which the quantity of flow was

measured on the data sheet, Plate VII-j..

(6) Repeat steps (4) and (5) several times over a period of

about i hr, and compute the coefficient of permeability corresponding to

each set of measured data. If there is no substantial change in the

-
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permeability, then the computed permeability is probably reliable. If there

is a slight decrease in the permeability, then the permeability computed

from the initial measurements, rather than the average, should be reported,

so long as a plot of permeability versus time shows that the initial measure-

ments are consistent with the subsequent measurements; a difference in

permeability may result from a change in density caused by inadvertent

jarring of the specimen in the permeameter. If there is any substantial de-

crease of the permeability with time, a prefilter should be used between the

water reservoir and the permeameter (see paragraph 3b(6)). The criterion

for judging whether a change in the computed permeability is “substantial”

depends on the desired accuracy of the coefficient of permeability.

(7) If desired, reduce the void ratio as previously described

and repeat the constant-head test.

e. Computations. The computations consist of the following steps:-
(i) Compute the test void ratios in accordance with Appendix

II, UNIT WEIGI-ITS, VOID RATIO, POROSITY, AND DEGREE OF SATURA-

TION, The specific gravity shall be estimated or determined in accord-

ance with Appendix IV, SPECIFIC GRAVITY.

(2) Compute the coefficient of permeability, k, by ‘means of

the following equation: QXLXRT
k 20= hXAXt’

w h e r e  k 20 =
Q=
L =

RT =

h =

A =

t =

coefficient of permeability, cm per set at 20 C

quantity of flow, cc

length of specimen over which head loss is measured, cm.
If piezometer taps are used, L = L 1 = distance between
piezometer taps, cm

temperature correction factor for viscosity of water ob-
tained from Table VII-1

loss of head in length, L, or difference in piezometer
readings = hi _ h2, c m

cross-sectional area of specimen, sq cm

elapsed time, set
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f. Presentation of Results.- The coefficient of permeability shall

be reported in units with coefficients of i.0, i X iOw4, and 1 X iOm9 cm per

sec. The void ratio of the specimen shall be reported with all values of k.

The coefficient of permeability, k, is logarithmically dependent upon the

void ratio of the soil. Where k is determined at several void.ratios, the

test results shall be presented on a semilogarithmic chart as shown in

Figure 6 in which k is plotted on the abscissa (logarithmic scale) and the

void ratio is plotted on the ordinate (arithmetic scalpj.

i iiiiii A t

10 100

COEFFICIENT OF PERMEABILITY IN CM/SEC * IO-’

Figure 6. Relation between permeability and void ratio
for cohesionless soils

4. FALLING-HEAD PERMEABILITY TEST WITH PERMEAMETER

C Y L I N D E R ,  z. Use. The falling-head test with t&e permeameter
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cylinder should in general be used for determining the permeability Of

remolded samples of cohesionless soils having a permeability less than

about IO x iOm4 cm per sec.

b. Apparatus. The apparatus and accessory equipment should-
consist of the following:

(I) A permeameter cylinder similar to that shown schemat-

ically in Figure 3b, or modified versions thereof. The permeameter

cylinder should be constructed of a transparent plastic material. The in-

side diameter of the cylinder should be not less than about IO times the

diameter of the largest soil particles. The use of two piezometer taps, as

shown by Figure 3b, conn.ected to a standpipe and discharge level tube

eliminates the necessity for taking into account the height of capillary rise

which would be necessary in the case of a single standpipe of small size.

The height of capillary rise for a given tube and condition can be mea-

sured simply by standing the tube upright in a beaker full of water. The

size of standpipe to be used is generally based on experience with the

equipment used and soils tested. In order to accelerate testing, air pres-

sure may be applied to the standpipe to increase the hydraulic gradient.

(2) Perforated metal or plastic disks and circular wire

screens, 35 to 100 mesh, cut for a close fit inside the permeameter.

(3) Glass tubing, rubber or plastic tubing, stoppers, screw

clamps, etc., necessary to make connections as shown in Figure 3b.

(4) Filter materials such as Ottawa sand, coarse sand, and

gravel of various gradations.

(5) Deaired distilled water, prepared according to para-

graph 3k(6).

(6) Manometer board or suitable scales for measuring levels

in piezometers or standpipe.

(7)  Timing device, a watch or clock with second hand.

(8)  Centigrade thermometer, range 0 to 50 C, accurate to 0.1 C.

( 9 )  B a l a n c e , sensitive to 0.1 g.

-
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(10) Oven (see Appendix I, WATER CONTENT - GENERAL).

(if) Scale, graduated in centimeters.

C. Placement and Saturation of Specimen. Placement and satu-

ration of the specimen shall be done as described in paragraph 3c.

Identifying information for the sample and test data shall be entered on

a data sheet similar to Plate VII-2.

d. Procedure.- - The procedure shall consist of the following steps:

(i) Measure and record the height of the specimen, L, and

the cross-sectional area of the specimen, A.

(2) With valve B open (see Fig. 3b), crack valve A and

slowly .bring the water level up to the discharge level of the permeameter.

(3) Raise the head of water in the standpipe above the dis-

charge level of the permeameter. The difference in head should not result

in an excessively high hydraulic gradient during the test. Close valves

A and B.

(4) Begin the test by opening valve B. Start the timer. As

the water flows through the specimen, measure and record the height of

water in the standpipe above the discharge level, ho, in centi.meters, at

time to, an,d the height of water above the discharge level, hf, in

centimeters, at time tf.

(5) Observe and record the temperature of the water in the

permeameter.

(6) Repeat the determination of permeability, and if the com-

puted values differ by an appreciable amount, repeat the test until con-

sistent values of permeability are obtained.

e. Computations. The computations consist of the following steps:

(i) Compute the test void ratios as outlined in paragraph*3c(i).

(2) Compute the coefficient of permeability, k, by means of

the following equation:

k = 2.303 ;+
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w h e r e a = inside area of standpipe, sq cm

A = cross-sect ional area of  specimen, sq cm

L = length of specimen, cm

t = e lapsed t ime (t f  - to), set

ho = height of water in standpipe above discharge level at time
to, c m

hf = height of water in standpipe above discharge level at time
tf, c m

RT
= temperature correction factor for viscosity of water ob-

tained from Table VII-I, degrees C

If a single standpipe of small diameter is used as shown in Figure 2, the

height of  capi l lary r ise,  hc, should be subtracted from the standpipe

readings to  obta in ho and hf.

f-’ Presentation of  Results. The results of the falling-head

permeability test shall be reported as described in paragraph 3 f.

5. P E R M E A B I L I T Y  T E S T S  W I T H  S A M P L I N G  T U B E S . P e r m e a b i l i t y

tests may be performed directly on undisturbed samples without removing

them from the sampling tubes. The sampling tube serves as the per-

meamete r cylinder. The method is applicable primarily to cohesionless

soils which cannot be removed from the sampling tube without excessive

disturbance. The permeability obtained is in the direction in which the

sample was taken, i .e. generally vertical. The permeability obtained in a

vertical direction may be substantially less than that obtained in a hori-

zontal  direct ion.

Permeability tests with sampling tubes may be performed under

constant-head or falling-head conditions of flow, depending on the esti-

mated permeabil ity of the sa&mple (see paragraph 22). The equipment

should be capable of reproducing the conditions of flow in the constant-

head or falling-head tests. It is important that all disturbed material or

material containing drilling mud he removed from the top and bottom of

the sample. The ends of the sample should be protected by screens held

in place by perforated packers. The test procedure and computations are
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the same as those described previously for each test.

6. PERMEABILITY TEST WITH PRESSURE CHAMBER. In the perme-

ability test with a pressure chamber, see Figure 7, a cylindrical specimen

is confined in a rubber membrane and subjected to an external hydrostatic

pressure during the permeability test. The advantages of this type of

test are: (a) leakage along the sides of the specimen, which would occur

if the specimen were tested in a permeameter, is prevented, and (b) the

specimen can be tested under conditions of 1oadin.c expected in the field.

The test is applicable primarily to cohesive soils in the undisturbed,

remolded  or compacted state. Complete saturation of the spec’imen, if it

is not fully saturated initially, is practically impossible. Consequently,

this test should be used only for soils that are fully saturated, unless

values of permeability are purposely desired for soils in an unsaturated

condition. The permeability test with the pressure chamber is usually

performed as a falling-head test.

The permeability specimens for use in the,pressure chamber generally

should be 2.8 in. in diameter, as rubber membranes and equipment for

cutting and trimming specimens of this size are available for triaxial

testing apparatus (see Appendix X, TRIAXIAL COMPRESSION TESTS). A

specimen length of about 4 in. is adequate. (The dimensions of a tes’t

specimen may be varied if equipment and supplies are available to m a k e

a suitable test setup.) The pressure in the chamber should not be less

than the maximum head on the specimen during the test. The other test

procedure and computations are the same as those described for the

falling-head test. The linear relation between permeability and void ratio

on a semilogarithmic plot as shown in Figure 6 is usually not applicable

to fine-grained soils, particularly when compacted. Other methods of

presenting permeability-void ratio data may be desirable.

7. PERME_4BILITY TESTS WITH BACK PRESSURE.

a. Description. Gas bubbles in the pores of a compacted or un-

disturbed specimen of fine-grained soil will invalidate the results of the

V I I - 1 7
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HIGMER LATERAl. PRfSSURCS
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Figure 7. Pressure chamber for permeability test
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permeability tests described in the preceding paragraphs. It is known

that an increase in pressure will cause a reduction in volume of gas bub-

bles and also an increased weight of gas dissolved in water. To each de-

gree of saturation there corresponds a certain additional pressure (back

pressure) which, if applied to the pore fluid of the specimen, will ca.use

complete saturation. The permeability test with back pressure is per-

formed in a pressure chamber such as that shown in,Figure 8, utilizing

equipment that permits increasing the chamber pressure and pore pres-

sure simultaneously, maintaining their difference constant The method

is generally applicable to fine-grained soils that are not fully saturated.

Apparatus and procedures have been described by A. Casagrandet and

L. Bjerrum and J. Huder.$

b. Procedure (see Fig. 8). The procedure shall, consist of the-

following steps :

(I) After having determined the dimensions and wet weight

of the test specimen, place it in the triaxial apparatus, using the same

procedure as for setting up a specimen for an R triaxial test with pore

pressure measurements except that filter strips should not be used

(see para 7, APPENDIX X, TRIAXIAL COMPRESSION TESTS).

(2) Saturate the specimen and verify 400 percent saturation

using the procedure described in paragraph 7b, APPENDIX X, TRIAXIAL

COMPRESSION TESTS. Burette “A” is utilized during this operation.

(3) With the drainage valves closed, increase the chamber

Casagrande, A., “Third Progress Report on Investigation of Stress
Deformation and Strength Characteristics of Compacted Clays,” Soil
Mechanics Series No. 70, Nov 1963, Harvard University, C,ambridge,
M a s s . , pp 30 and 3i.

Bierrum, L. and Huder, J., “Measurement of the Permeability of
Compactid Clays ,” Proceedings, Fourth International Conference on
Soil Mechanics and Foundation Engineering, London, Vol 1,
Aug 1957, pp 6-8.
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pressure to attain the desired effective consolidation pressure (chamber

pressure minus back pressure). At zero elapsed time, open valves E

and F.

(4) Record time, dial indicator reading, and burette reading

at elapsed times of 0, i5, and 30 set, 1, 2, 4, 8, and 15 min, and 1, 2, 4,

and 8 hr, etc. Plot the dial indicator readings and burette readings on an

arithmetic scale versus elapsed time on a log scale. When the consoli-

dation curves indicate that primary consolidation is complete  close

valves E and F.

(5) Apply a pressure to burette B greater than that in

burette A. The difference between the pressures in burettes B and A

is equal to the head loss h; h divided by the height of the specimen after

consolidation, L, is the hydraulic gradient. The difference between the

two pressures should be kept as small as practicable, consistent with the

requirement that the rate of flow be large enough to make accurate

measurements of the quantity of flow within a reasonable period of time.

Because the difference in the two pressures may be very small in com-

parison to the pressures at the ends of the specimen, and because the

head loss must be maintained constant throughout the test, the difference

between the pressures within the burettes must be measured accurately;

a differential pressure gage is very useful for this purpose. The dif-

ference between the elevations of the water within the burettes should

also be considered (I in. of water = 0.036 psi of pressure).

(6) Open valves D and F. Record the burette readings at any

zero elapsed time. Make readings of burettes A and B and of temperature

at various elapsed times (the interval between successive readings de-

pends upon the permeability of the soil and the dimensions of the speci-.

men). Plot arithmetically the change in readings of both burettes versus

time. Continue making readings until the two curves become parallel

and straight over a sufficient length of time to accurately determine the

rate of flow (slope of the curves).
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(7) If it is desired to determine the permeability at several

void ratios, steps 3 through 6 can be repeated, using different consolida-

tion pressures in step 3.

(8) At the end of the permeability determinations, close all

drainage valves and reduce the chamber pressure to zero; disassemble

the apparatus.

(9) Determine the wet and dry weights of the specimen.

C . Computations. The computations consist of the following

steps.

(i) Compute the test void ratios as outlined in para-

graph 3~( 1).

(2) Computations of coefficients of permeability are the

same as those described for the constant-head permeability test.

8. PERMEABILITY TESTS WITH CONSOLIDOMETER. A perme-

ability test in a consolidometer (see Appendix VIII, CONSOLIDATION

TEST) is essentially similar to that conducted in a pressure chamber,

except that the specimen is placed within a relatively rigid ring and is

loaded vertically. The test can be used as an alternate to the perme-

ability test in the pressure chamber. The test is applicable primarily

to cohesive soils in a fully saturated condition. Testing is usually per-

formed under falling-head conditions.

A schematic diagram of the consolidation apparatus set up for a

falling-head permeability test is shown in Figure 9. Identifying informa-

tion for the specimen and subsequent test data are entered on a data sheet

(Plate VII-3 is a suggested form). The specimen should be placed in the

specimen ring and the apparatus assembled as outlined under Appen-

dix VIII, CONSOLIDATION TEST. The specimen is consolidated under

the desired load and the falling-head test is performed as previously

described. The

-
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STANDPIPE AREA = a

NOTE: VALVE BETWEEN DEAIRED DIS TILLED  WATER
JUG AND CONSOLIDATION APPARATUS SHOULD
BE CLOSED DURING THE PERMEABILITY TEST.

DIAL INDICATOR

STILLED WATE

SOIL SAMPLE

Figure 9. Schematic diagram of falling-head device for
permeability test in consolidometer

net head on the specimen may be increased by use of air pressure; how-

ever, the pressure on the pore water should not exceed 25 to 30 percent

of the vertical pressure under which the specimen has consolidated. Dial

indicator readings are observed before and after consolidation to permit

computation of void ratios. The determination of the coefficient of perme-

ability may be made in conjunction with the consolidation test, in which

case the test is performed at the end of the consolidation phase under each

load increment. Computations are similar to those described for the
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falling-head test with the permeameter cylinder.

The permeability may also be determined indirectly from computa-

tions using data obtained during the consolidation test; however the as-

sumptions on which the method is based are seldom satisfied, and conse-

quently, the direct determination of permeability should be employed

where reliable values of permeability are required.

9. POSSIBLE ERRORS. Following are possible errors that would cause

inaccurate determinations of the coefficient of permeability:

a. Stratification or nonuniform compaction of cohesionless soils.

If the specimen is compacted in layers, any accumulation of fines at the

surface of the layers will reduce the measured coefficient of permeability.

b.- Incomplete initial saturation of specimen.

C . Excessive hydraulic gradient. Darcy’s law is applicable only-
to conditions of laminar flow.

d. Air dissolved in water. No other source of error is as

troublesome as the accumulation of air in the specimen from the flowing

water. As water enters the specimen, small quantities of air dissolved

in the water will tend to collect as fine bubbles at the soil-water interface

and reduce the permeability at this interface with increasing time. The

method for detecting and avoiding this problem is described in paragraph

32(6). (It should be noted that air accumulation will not affect the coef-

ficient of permeability determined by the constant-head test if piezometer

taps along the side o*4 the specimen are used to measure the head loss.)

e.- Leakage along side of specimen in permeameter. One major

advantage to the use of the triaxial compression chamber for permeability

tests (see paragraphs 6 and 7) is that the specimen is confined by a

flexible membrane which is pressed tightly against the specimen by the

chamber pressure.

-
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RCUEC~

3XNG NO.

or Specimen No.

rONSTANJ'-HEAD 1'XRMlXBIY~ TEST

DATK-_---~----

__.~~..___ --.-..--.~..._ -----=

-~--

oid ratio =

--~ .--.---
(1) Correction factor for vitxon1t.y of water at. 20 C obtained from table VII-l.

(2) km =
QxLx%
hxAxt *

where L = height of specimen or di6t6nce betveen plezaneter tap6 if used.

Remarks

-

*ChIliClEUl- Ccmputed by Checked by -

iNG FORM 3w PLATE VII- 1I JUN 65
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FALLlNG+lEAD PERMEABILITY T&T

WITH CONSOLIDOMETER

DATE
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PLATE VII- 3


