


Constant Head Test

Direct measure of permeability using
Darcy's Law

Suitable for cohesionless soils with
permeabilities > 10 x XOcm/sec

Falling Head Test

Indirect measurement of permeabillity
using time of flow

Suitable for cohesive solls with
permeabilities < 10 x ¥0cm/sec



The simplest of all methods for
determining the coefficient of
permeabllity

This test is performed by measuring
the quantity of water, Q, flowing
through the solil 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.
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§ i mmtr i ‘['k¢ A permeameter cylinder, as
EJT oot shown.
OEH oL Piezometer taps along the side
::E_[ 3 of the permeameter within
u||n it Mt | limits to be occupied by the
CEE ; sample are advantageous In
HHE et | that the head loss within the
‘ 5 sample is always measured
b N across a fixed distance and
b o A WT o rapid determination of
Corred o Sirei ™ |~ o Lls-  hydraulic gradient can be
' | == made.

(a) CONSTANT=HEAD APPARATUS



The placement procedure outlined
above will result in a saturated
specimen of uniform density although
In a relatively loose condition. To
produce a higher density in the
specimen, the sides of the permeamet
containing the soil sample are tapped
uniformly along its circumference and
length with a rubber mallet to produce
an increase in density.




After the specimen has been placed,
weigh the excess material, If any, and
the container. The specimen weight Is
the difference between the original
weight of sample and the weight of the
excess material.

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.



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.

Test the specimen at the estimated
natural void ratio or at a series of
different void ratios, produced by
Increasing the amount of vibration
after each permeabllity determination.




Measure and record the length (heigh
of specimen in the permeameter prior
to each determination. Permeabillity
determinations ahree different void
ratios are usually sufficient to establisl
the relation of void ratio to
permeability.



Measure the distance,,lbetween

the centres of the piezometer taps
record on the data sheet.

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. Laminar flow for fine sands
IS limited to hydraulic gradients less
than approximately 0.3.




Open valve A and record the initial
niezometer readings after the flow ha:
pecome stable. Exercise care In
ouilding up heads in the permeametet
so that the specimen is not disturbed.

After allowing a few minutes for
equilibrium conditions to be reached,
measure by means of a graduate the
guantity of discharge corresponding t
a given time interval.



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, .

Repeat the last two steps

several times over a

period of about 1 hour, and compute the

coefficient of permeability

corresponding to

each set of measured data. If there is no

substantial change In the
computed permeability Is

If desired, reduce the voic

permeability, then the
orobably reliable.

ratio as previously

described and repeat the constant-head test.



Compute the test void ratios and specific
gravity.

Compute the coefficient J;: QLRI
of permeabillity, k: i At

Koo = coefficient of permeability, cm/sec at 20° C

Q= quantity of flow, cm3

= length of specimen over which head loss is
measured, cm.

R: = temperature correction factor for viscosity of wa

h = loss of head in length, L, or difference in piezome
readings = h- h,, cm

A = cross-sectional area of specimen, cm?
t = elapsed time, sec.



Given:

Sand Sample

15 cm high
5.5 cm diameter (round)
Test Results

Measured head across sample: 40 cm
Time of flow: 6 sec.
Amount of water discharged: 400 cc

Find: Coefficient of Permeabillity



Governing Equation

g = kiA
Definition of Variables in Governing
Equation

Flow rate g = Q/t

Sample area A D44

Hydraulic Gradient 1 =Ah/L



Substitution of Solve for coefficient

variable definitions of permeabillity
Into governing
eguation
1
—kh 4QL
Q__4 K=—"—3
hr Dt

t LuD?



Substitute Variables

4Q | and solve:
— H 2 k = ((4)(400)(15))/
Tt Dt ((40)(3.1416)(5.5(6))

= 1.052 cm/sec
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The falling-head test
with the permeameter
cylinder should In
general be used for
determining the
permeability of
remoulded samples of
fine grained solls having
permeability less than
about

10 x 10* cnm/sec.
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(b) FALLING-HEAD APPARATUS

Covered With Screer

A permeameter
cylinder. The cylinde
should be constructe
of a transparent plast
material. The inside
diameter of the
cylinder should be no
less than about 10
times the diameter of
the largest soll
particles.



Perforated metal or plastic disks and
circular wire screens, 35 to 100 mesh,
cut for a close fit inside the
permeameter.

Glass tubing, rubber or plastic tubing,
stoppers, screw clamps, etc.,
necessary to make connections as
shown in b.

Filter materials such as Ottawa sand,
coarse sand, and gravel of various
gradations.



Deaired distilled water.

Manometer board or suitable scales for
measuring levels in piezometers or standpipe

Timing device, a watch or clock with second
hand.

Centigrade thermometer, range 0 to 50° C,
accurate to 0.1° C.

Balance, sensitive to 0.1 g.
Oven.
Scale, graduated In centimetres.



Preparation of the sample Is similar to that of the
constant head test
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(o) FALLING=HEAD APPARATUS

Measure and record the
height of the specimen, L,
and the cross-sectional are
of the specimen, A.

With valve B open, crack
valve A and slowly bring th
water level up to the
discharge level of the
permeameter.
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(o) FALLING=HEAD APPARATUS

Raise the head of water in:
standpipe above the
discharge level of the
permeameter. The differer
In head should not result in
an excessively high hydrau
gradient during the test.
Close valves A and B.
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(o) FALLING=HEAD APPARATUS

Begin the test by opening
valve B. Start the timer. As
the water flows through the
specimen, measure and
record the height of water ir
the standpipe above the
discharge level, nin

centimetres, at timeo,tand

the height of water above th
discharge level,:hin

centimetres, at time. t
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(o) FALLING=HEAD APPARATUS

Observe and record the
temperature of the water in
the permeameter.

Repeat the determination @
permeability, and if the
computed values differ by &
appreciable amount, repea
the test until consistent
values of permeabillity are
obtained.



Compute the ( )
coefficient k=% 1nh_'“-?' R,
of permeability, k At \ hf)

a = inside area of standpipe, cm?

A = cross-sectional area of specimen, cm?
L = length of specimen, cm

t = elapsed time(t t,), sec

h, = height of water in standpipe above discharge
level at time §, cm

h: = height of water in standpipe above discharge
level at time 4 cm

R: = temperature correction factor for viscosity of
water obtained from , degrees C.
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(b) FALLING-HEAD APPARATUS

Compute the test void
ratios.

If a single standpipe of
small diameter Is used, tf
height of caplillary rise,h
should be subtracted fror
the standpipe readings tc
obtain k and h

Covered With Screer



Given:

Samp
Samp
Stand

Clay Sample

e Diameter: 2.5
e Thickness: 1”

pipe Diameter: 1.7 mm

Initial elevation of water = 32 cm

Time of Test = 395 seconds

Final elevation of water = 30 cm

Find

Coefficient of Permeability of clay



Governing Equation

L a, h
kK= In(—

Definition of variables in governing
eguation

AZ%‘ITDg az%ndi




Substitution of defined variables

K

_tf_to DCZ)

Substitution of input quantities

(__254 017 n(32
395-0(2.5x2.54" 30

k=2.974x10 °cm/ sec

)



Stratification or non-uniform
compaction of cohesionless soils.

Incomplete Initial specimen saturation
Excessive hydraulic gradient
Alir dissolved in water

Leakage along side of specimen In
permeameter



Sampling tubes
Pressure chamber
Back Pressure
Consolidometer



Field permeability tests measure the
coefficient of permeability (hydraulic
conductivity) of in-place materials.

The area and length factors are often
combined In a "shape factor" or
"conductivity coefficient."

Measurement of permeabillity is
highly sensitive to both natural and
test conditions.



Equilibrium tests
most common
constant head tests
variable head gravity tests
pressure (Packer) tests
Non-equilibrium tests

"aquifer" tests

"pump” tests

a well is pumped at a constant rate for an
extended period of time.



SHAPE FACTOR COEFFICIENT, Cy CASE {F-1}, TABLE I5
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TABLE 15

Shape Factors for Computation of Permeability From Variable Head Tests
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TABLE 15 (continued)

Shape Factors for Computation of Permeability From Variable Head Tests
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