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A LABORATCRY INVESTIGATION OF UNIFORM
PROTECTIVE SAND FILTERS

CHAPTER I

INTRODUCTION

General Background,==Numerous structures have failed because of inade-

quate protection of the soil upon which the foundation restse Uplift
pressures, erosion of the fine soil in the foundation stratum (soil to
be protected) and frost actlion have all caused foundation fallurese
These hazards can sometimes be eliminated by protecting the foundaticn
stratum with layers of soll that are more pervious than the foundation
layers This investlgation was conducted to determine the effectiveness
of one type of these pervious layers, unlformly graded leyers.

In this thesis the following terminology was adopted for materi-
als comprising each of the two layers of the test specimen: The first
layer, which represents the foundation stratum, is called the "base
layer". It is the stratum to be protecteds The second and more per=-
vious layer is referred to as the "filter layer",

A filter is a layer of soil which is used to prevent erosion of
the soil being filtered and which also offers less resistance to flow~
ing water than does the soil being filterede This is accomplished by

protecting the base using soil more coarsely graded than the base
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particle sizes was approximately 25 (3)s It was alsc recommended that
filter material for drainage purpcses should be densely packeds

Some more recent work has been carried ocut at the Earth Labora=
tory of the Bureau of Reclamation in Denver, Colorado, under the
direction of Ke Pes Karpoff, materials engineer (4)s Karpoff concluded
that the physical properties of filter material is characterized
mainly by the mean grain size, which is approximately the 50 per cent
size on the grain size curve.® The mean grain size is the mean size
of all the particles. Because for most naturally graded base materlal
the mean grain size falls between the 40 and 60 per cent values on
the grain size curve, Karpoff chose the relationship between the 50
per cent size of the fllter material to the 50 per cent size of the
base material as a control factor for the investigation of the sta=
bility of uniformly graded filters, Karpoff's results indicated that
this ratio should fall between the limits of 5 and 10 for stability

with uniform filterse.

8The reader who is unfamiliar with the term uniform soil is

referred to article 3 in Soil Mechanics in Engineering Practice by
Terzaghi and Peck, John wWlley and Sons, Ince, .
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heads that were desireds A preliminary set of tests were conducted in
order to check the equipment. Some difficulty was encountered in keep=
ing a constant head with the air pressure regulater alones The cone
tainer for the water supply was small, and as a result even small amounts
of flow caused 2 large parcentage of volume change cf the alr in the
container., This change in volume caused considerable decreases ln air
pressure in the water supply container, thereby reducing the head.

The air pressure regulator could not compensate for the decrease in air
pressuree A "blow=off” valve was placed cn the compressed air line
between the alr pressura regulator and the water supply (see Fig. 6).
The weight on the valve could be adjusted to give any desired head.

Alr was then forced through the system so that the "blow=off" valve
opened and closed at a very rapid rate. This system amply compensated
for the decrease in the head dus to the expanding air in the water
supply container. The system did not compensate for head loss due to
lowering in elevation of the surface of the water supplys However,
this effect on the piezometer readings was negligible,

Sieve Equipment.~=All sieving was done in a "Ro~Tap" sieve shaker using

standard calibrated sieves,
Compaction Equipmente=-All samples were compacted by hand ueing the

rubber tamper shown in Fige 3.






ANY

.
S N

s

]\\
|

13

~—— aluminum rod

. steel platform

3/8" steel pipe

] QN

l

)

to water supply

to compressed air supply






mixed by hands These samples were then placed in suitable containers

and stored until neaded,

Preparation of Test Cylinder, Testing, and Measuringe--<Samples in the

test cylinder were prepared in the following manners (1) The aluminua
top was placed on the wooden compaction blockse A rubber washer was
placed in the machined groove in the aluminum top, and the “Lucite"
cylinder was then fitted into the groove, (2) Five inches of crushed
granite, particles approximately one<half inch in diameter, was placed
into the cylinder in three equal layers. Each layer was compacted with
the rubber tamper, The layer of granite was used as a filler material
in order to eliminate the effect of the abrupt expansion into the test
cylinder and to cbtain more uniform flow conditlonse The readings from
the upper set of plezometers were disregarded because of the proximity
of these piezometers and the water supply inlete The second set of
plezometers was used as the reference piezometers, (3) On top of the
crushed granite was placed a one-half inch thick porous plate four
inches in diameters The purpose of the plate was to separate the
granite filler and the base layer material and to aid in establishing
uniform flow conditionss (4) A forty=mesh circular wire screen four
inches in diameter was placed on top of the porcus plates The screens
were used to prevent any movement of base layer material into the
granite filler during compaction and saturation of the sampless (5)
The container holding the oven~dried base material was weighad to the
nearest 0401 pounds The base material was then compacted into the
cylinder to a depth of four inchess Compaction was in three layerse

(6) The soil remaining in the container was again weighed to the

15
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nearest 0.0l pound, the difference in weights obtalned in (5) and (6)
being equal to the weight of the soil in the base layers (7) The filter
layer was then placed in the cylinder following the same procedure
outlined in steps (5) and (6)s (8) A forty-mesh circular screen four
inches in diameter was then placed on top of the filter layere. Over

the screen was placed a porous plate, the same as in step (3)e (9} A
twowinch layer of granite, the same as in step (2), was compacted into
the c¢ylinder in one layers (10) A rubber gasket was placed around the
edge of the cylinder, and the machined groove in the bottom aluminum
plate was fitted to the cylinder. The four tension rods joining the
aluminum plates were then tighteneds {(11) The test cylinder was removed
from the compaction block and placed on the platform provided for
testinge (12) The plezometers, water supply line, and vacuum line

were attached to the cylinder, The cylinder was checked for airtight=
nesss Adjustments were made with both the tension rods and lines
attached to the cylinder until the cylinder was airtighte. (13) The
samples were evacuated using a water jet vacuum and then saturated

from the bottom upwards Saturation of the sample in an upward direc=
tion and the preparation of the sample "upside down" was used so there
would be no tendency for the particles from the base layer to infiltrate
into the filter laysr until the test was beguns (14) When the sample
was saturated, weights that would produce a head of one~inch mercury
were placed upon the platform of the "blow=off" valve and the platform
made to open and close rapldly by adjusting the air pressure regulator,

Water was permitted to flow through the sample for a duration of four
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sample extruded from the "Lucite" cylinder using the ioading machine
shown in Fige 7« The filter layer was extruded in four increments,
each one inch loengs Each increment was placed in a porcelailn evapora=
ting dish and oven~dried,s A section of the base layer in contact with
the filter was placed into an evaporating dish and oven~drieds (20)
After the samples were thoroughly dried, the porcelain evaporating
dishes containing the filter layer increments were weighed to the
nearest 0.05 grams The samples were then placed into a2 "Ro=Tap" sieve
shaker for ten minutes, The sieves used with each size of filter

layer are shown in Table 2 in the Appendix. (21} Each empty porcelain
dish was welghed to the nearest 0.05 gram. The difference of the weights
obtained in steps (20) and (21) equaled the weight of each increment

of filter layer. ({22) After sach increment of filter was sieved and
the material passing the finest sleve was welghed to the nearest 0,005
gram, the percentage of base material to filter material in each
increment was calculateds (23) A grain size distribution was performed
on the section of base layer material obtained in step (19). Each
sample was sieved for fifteen minutes in a "Ro-Tap" sieve machine.

The weight of the material retained on each sieve was determined to the
nearest 0,00 gram and the values for a grain size curve calculated.

A tabulated list of the test data is found in Table 4 in the Appendix,



EXTRUDING OF TEST SAMPLES FROM TEST CYLINDER

FIG. 7

FIG, 8 VISIBLE FAILURE OF TEST SAMPLE
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CHAPTER IV

DISCUSSION OF RESULTS

Test Results,~=A summary of the test data appears in the Appendix as

Tables 5, 6, and 7« The test data are discussed in accordance with the
methods of measurement employed = infiltration, flow, and piezometric
readings, Correlation of the results with regard to the methods of
measureaent is discussed, All test results are discussed with rela~
tionship to "limits for stabllity" for uniform grain size filters, and
these linits are compared with the limits obtained in previcus investigations.
Computed densities for both base and fllter layers revealed
that the compaction of the samples by hand tamping gave consistent
values of density for each particular base sample and fllter size, The
maximue variation for two samplas in the same group was 5,6 per cent
by weights, It is assumed that the small variation in density between
similar samples would have a negligible effect upon the test results.
There was some indicatlon that the lower porous plate may have affected
tie infiltration characteristics. The tests, as indicated in Table 3,
wre conducted without the lower porous plate. Comparison of these
results with tests conducted with the lower porous plate indicates that
the lowexr porous plate had no noticeable effact upon the infiltration
characteristics during the twe hour test periode

Infiltration.==The analysis of infiltration began by calculating the
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total weight of baece layer materlal in the filter layer. These

values are tabulated in Table 4, Ths base layer material in the

first increment of the filter layer was neglected because the portion
of the filter which was in contact with the base layer could not be
accurately separateds Inspection of the values in Table 4 indicates
that there is a greater amount of infiltration with increasing coarse-
ness of the filter layer material., Non=conformance of values in Table
4 may be the result of jarring the test cylinder during its set=up,
errors in weighing, or fracture of filter layer particles during the
sieving process,

To obtain a clear picture of the relationship between per cent
infiltration, depth of filter, and head of water, curves with head
versus per cent infiltration of base layer material were plotted, A
separate curve was plotted for each increment of filters These curves
appear in the Appendix as Figse 10 through 21, Inspection of these
curves indicates there 1s no fixed relationship between depth of filter,
head of water, and per cent infiltration of base layer material for
uniform filters, The author offers the following explanation, Before
a “condition of stability" is established between a base and filter
layer, there will be some infiltration of base material in the filter
layer, The amount of infiltration is greater as the coarseness of the
filter is increaseds This infiltrated material will eventually pass
completely through the filter layer., The movement will be a function
of the diameter of the particles, flow, and time or depth of filter.
Base layer particles were found distributed throughout the filter layer

when the tests were ended after two hours, This increment of time was



not sufficient to allow all the infiltrated base layer particles to
collect on the lower porous plates The varying amounts of inflltratlion
throughout the fllter layer®s depth are attributed to the fact that

base layer particles had various diameters and as a result the parti-
cle movement through the filter layer was erratic. During the tests

in which the lower porous plate was removed, the discharge was sometimes
¢loudy. This was probably the finest base layer material, which
rapidly passed through the fllter layer since the rate of particle
movement 1s inversely proportional to the dlameter of the soil partl-~
cles, It is conceded that some base layer material would be trapped

in the cavities of the filter and would never pass completely through the
filter layer. The amount of this material 1s insignificant and its
movement ceases within a short time,

Flowe==The analysis of flow began by computing a relationship between

the 50 per cent size of the filter layer material to the 50 per cent
size of the base layer material (6). These relationships are listed
in Table 3, Curves of the 50 per cent size ratio versus flow were
then plotteds These curves appear as Figs. 9, 10, and 1ll. Inspection
of these curves reveals that between the limits of 4 and 11 of the 50
per cent size ratioc the flow reaches a maximum, while a "condition of
stabllity" is still maintained. The author cannot offer any plausible
explanation for this occurrences Similar curves were obtained by
Karpoff during his experiments (7).

Plezometric Readingg.--rhe plezometric readings for each test are listed

in Table 7 of the Appendixe The author could not establish any relation=-

ships between piezometric readings and fllter stabllity. Plezometers
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CHAPTER V
CONCLUSIONS

The followlng conclusions were reached as a result of this
investigatione

(1) The amount of infiltration, while particle stability is
astablished between base and filter layers, is proporticnal teo the
diameter of the filter layer particles.

(2) The extent of base layer particle infiltration into a
uniform filter layer 1s erratic and there is no relatlonship between
depth of filter layer, hydraulic gradient, and the amount of base
layer particle infiltration.

(3) Maximum benefit is obtained with uniform filters when the
ratio of the 50 per cent size of the flilter layer particles to the
50 per cent size of the base layer particles is between the limits of
4 and li.

(4) The design criteria presented by Dre Karl Terzaghi are

adequate for the design of uniform filters.

27
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