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INTRODUCTION

General Problem. = In all types of earthwork construction the use

of gravel filters for drainage of water-bearing soils is very common

practice. Whether in highway or railroad subgrades, earth levees or

the more complicated structure, the earth fill dam, gravel filter drains

are depended upon to a large extent to dispose of excess and undesirable

water and thus to help insure stability of the structure. Engineers

for years have depended upon experience to determine the proper grada-

tion of the gravel in the filter to protect any given sand emplacement.

sometimes with unsatisfactory results. Definite criteria concerned

with a relation between the grain size distribution of the filter and

the layer to be protected are at present lacking. Research to establish

jefinite relations in this respect will result in the elimination of

the failure of drainage filters and without doubt economies in the con-

struction of protective filters. Several agencies are now concerned

with a research of this type, but a limited amount of date has as yet

been published. It is hoped that this investigation will contribute

towards a clearer understanding of filter protection and will outline

a, method for testing proposed filter materials.

Object of Thesis. - The authors proposed to determine some con-

trolling relations between the grain size distribution of a protective

cravel filter and the base material, or layer to be protected, that

would govern the selection of the filter material to give a safe and

satisfactory drainage combination.

It was decided to use only materials from borrow pits at the site

of an earth fill dam actually under construction. Base material was

to be sampled from the pervious shell borrow area and used directly



while the protective filter material, taken run~-of-the-bank from the

cravel borrow area, was to be studied with various grain size dis-

tribution. In this manner the authors hoped to arrive at limiting

rrain size distributions of filter material below which the specific

base would be held stable and above which the same base would fail

by washing into the filter.

Summary of Conclusions.

Le Natural run-of-the-bank filter material provides a satis-

factory protection for the pervious base layer with materials obtained

from the site of the specific project selected.

2. For protection of the base material by a filter, the ratio

of the 15% size of the filter to the 15% size of the base should not

sxceed 32 and the ratio of the 15% size of the filter to the 50% size

of the base should not exceed 15,

o » Both of the above-mentioned retios of the grain sizes, be-

tween filter and base, at the limit of protective stability, tend ta

decrease slightly with en increase in the uniformity coefficient of

the filter material.

, Compaction of the base material to any value sbove 60%

has no noticeable effect upon the stability.

oT A thickness of filter layer about 1-1/2 times the thickness

of base layer provides a satisfactory test arrangement.

6. Satisfactory test results can be obtained by subj-~ting the

samples to either downward or upward flow.

Te There is no advantage in using de-aired water for protective

Filter stability tests other than in the determination of permeability.
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ITI. SCOPE OF INVESTIGATION

Considerable search was made for material covering eny investiga-

tion work carried out on protective gravel filters. The Soil Mechanics

Section of the Cffice of the Chief of Engineers, U. S. Army, The

Vatervays Experiment Station, Vicksburg, Mississippi, and the Soil

Mechanics Department of Massachusetts Institute of Technology were

helpful with suggestions. A letter from the Binghamton Engineer Dis-

trict end another from an independent investigator, both on file et

Massachusetts Institute of Technology, indiceted some work on filters

nad been carried out, but was inconclusive snd not in line with our

research. The only published paper was a recent report by G. E. Bertrem{l.

which proved of invaluable assistence, especially in regard to lebora-

tory technique. The Soils Laboratory of the Boston District at Concord.

New Hempshire, has proceeded with considerable research in this line,

and some very helpful suggestions were obtained from the staff of that

laboratory.

[In approaching the problem in hand, the investigations outlined

in Bertram's report were carefully considered. Bertram, in rcf~rring

the percent of sizes to the usual cumulative grain size disgrams,

wherein the percent finer by weight of a soil sample is plotted egainst

grain size on semi-log scale, concluded that: protection could not be

meinteined if the ratio of the 15% size of the filter materiel to the

15% size of the base material exceeded epproximetely 9, and if the ratic

of the 15% size of the filter to the 85% size of the base exceeded

epproximately 6. Bertram also states that K. von Terzeghi, in an

1) "An Experimental Investigation of Protective Filters," by G. E.
Bertram, Publication of the Graduate School of Engineering,
Harverd University, January 1940.



mpublished report on Bou-Hanifia Dem, North Africa, established the

following criteria for drainage filters: the ratio of the 15% size

of the filter to the 15% size of the base should be et least li, and

the retio of the 15% size of the filter to the 85% size of the base

should not be greater than li. Both the above sets of criterias, ss far

ns the authors were able to determine, were established by using an

essentially uniform soil which wes by no means a natural gredetionof

hase materiel. This investigation attempts to broaden these criteris.

or rather to establish criterie to cover the non-uniformly graded

be.se material. So broad a scope must be limited to a specific base

material as would occur in a specific construction project.

The selection of run-of-the~bank filter end base meterisls was

made by visits to five eerth fill dam projects under construction,

These included the Franklin Fells Dam, Franklin, New Hampshire, and

the Blackwater River Dam, Contoocook, New Eeampshire, being built under

the direction of the Boston District, U. S. Engineer Department, and

Knightville Dam, Knightville, Massachusetts; Birch Hill Dam, South

Royelston, Massachusetts; and Surry Mountain Dam, Surry, New Hampshire,

being built under the direction of the Providence District, U. S.

Engineer Department. About three hundred pounds of representative

run~c{=the-bank filter materiel was obteined from borrow pits actually

inspected at Knightville, Birch Hill, and Surry Mountain Dams. Photo-

craphs Nos. VI, VII, and VIII show these borrow areas. Sufficient

representative base material was also obtained from the pervious shell

borrow areas at each of these three sites.

All the materiels were analysed and typical mechenical analysis

curves for the base and filter meteriasls at each site were drawn up as



shown on Plates Nos. I, II, end III. It was decided to use the Surry

Mountain material exclusively in all the tests since it appeared that

0. wider variastion existed between the base and filter materials from

that site, and that the filter material contained &amp; larger proportion

rf the coarser sizes, both of which facts would lead to a broader

series of tests.

The Surry Mountain materials are typical of glacial deposited

sands end gravels throughout a large part of New Englerd. The grains

are to a large extent irregular in shape but for the most part rounded.

Most of the deposits are of granitic origin, there being a small amount

of micas and schists. Photograph No. V shows clearly typical grain

shapes encountered.

Tests were carried out in what was endeavored to be the most

oractical manner to follow in any soils laboratory. For each test

0. separate sample was taken from the material supply and analysed,

thus simuleting the taking of semples for study in the field and giv-

ing a varietion in the grein size distribution within a relatively

narrow renge (Plate B). All the enalyses were obtained with standard

sjeves-

[t was decided to run all of the tests in cylinders in the belief

that conditions of contact between base and filter and opportunities

for failure in a prototype would be simulated quite closely, with the

added advantage of facility of operation of test. New clear transperent

Lucite cylinders were required for visibility. 2", L", end 6" tubes

were obtained, the 2", however, being discarded immediately as being

too small to hold a representative sample of filter in which grain

sizes ran larger than 1". The L" and 6" sizes were believed to be



large enough in ares to permit free distribution of all grain sizes

encountered. All the L" tubes were cut to 8" in length as no advan-

tage in using longer lengths could be found. There were no cases in

any of the tests in which a longer test cylinder would have changed

the results.

[t was noted in Bertram's report that, in cases of failure by the

vase entering the voids of the filter, the failure took place within

a. very short time, less than thirty minutes. Accordingly, it was

planned to run all the tests for about two and one-half hours to check

this point and to allow sufficient time for any deleyed failures. The

average time of all routine tests was considerably greater than four

HOUTS o

Practically all of the tests were carried out using ordinary tap

water supplied from the city mains at about fifty pounds per square

inch pressure. Although considerable air collected in the samples

uring the test, it was believed that the erosive hydraulic action

against the grains would not be altered due to that fact. Several

tests were run with de-aired water under otherwise exactly similer

conditions with no apparent changes in the behavior of the samples.

The supply of de-sired water under best conditions would have limited

the length of a routine L" cylinder test to about an hour and twenty

minutes.

Endeavors were made to procure all data from each test that would

have any bearing whatscever in analysing the results, whether or not

its application was immediately apparent. The permeability of all

samples was determined when practicable and in all cases was taken

vith de-aired water rather than tap water to avoid inconsistencies due



to the formation of air bubbles in the sample. Permeability was

ordinarily calculated only over the length of base materiel since

the resistance to flow of the filter could be considered negligible

with respect to that of the base. Temperature readings of the water

used were taken at intervals during the test and the average recorded.

Void ratios of base and filter were computed from the dry weights of

materiels, specific grevities, and volume of container. The compeac-

tion was found from the void ratio.

Although in eny properly designed earth structure the hydraulic

cradient at any point should be less than unity, it was the practice

in this investigation to use as high a gredient as was feasible with

the equipment used, in order to hasten any incipient failure and locate

any weaknesses in the sample. For the most part a gradient of twenty

was used, calculated only on the length of base material when the filter

was very pervious relative to the base.

lost of the tests were conducted with downward flow through the

base and then the filter with the thought that gravity would tend to

assist feilure. It was desired to afford the sample as much oppor-

tunity as possible to fail without exceeding conditions that might

arise in nature. Two check tests were carried out with upward flow

to determine if the flotation effect thus obtained would have an ad~-

verse effect, but it was found that the results checked the downward

flow conditions.

In line with the practical aspects of the investigation the de-

termination of failure or stability of tests was made largely by visual

observations. It was found in all cases that if failure occurred, it

was very definite with a decided erosion of the base into the filter



voids. The decision as to stability or failure was checked by running

crain size analyses on portions of the base end filter after test and

conparing with the analyses before test.

It was decided to epproach the investigation as a whole by check-

ing the stability of the base with natural run-of-the-bank filter ma-

terial followed by tests in which the finer sizes of the filter were

successively screened out and wasted until a filter condition was ob-

tained into which the base just failed. A limiting size range between

base and filter was thus to be established. To cover the possibility

of various coarse grain distributions in the filter borrow, artificial

credings of filter were to be built up and limiting conditions established

for each of several constant uniformity coefficients. The "uniformity

coefficient” refers to the constant recommended by Hazen in studies of

water supply filter sends, that is, the retio of the 60% size to the

10% size on the usual grain size distribution grarh plotted on semi-

log paper.

It was hoped that results of this study might lead to some con-

clusions regarding the economics of using run-of-the-bank filter mate-

rial as opposed to using processed material, but it is considered that

more exhaustive investigation, especially as regards the drainage

Feature of the run-of-the-bank materisl, must be undertsken before

such comparisons can be intelligently made.
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ITT. PROCEDURE
Apparatus. - The equipment designed and constructed for use in

hese tests consisted of:

t

C8

4%

Le
Je
Oe

{eo
3.
Da

3rass frames.
rubber tamper.
Jonstent head device.
Supply pipes and supporting framework.
Permeameter stendpipes.
Sample evacuator.
Teilwater trough.
Loading block, screens, and cloths.
Various forms for recording data.

The brass fremes (Photograph No. III) were composed of three

principal parts: the rods, the perforated disks, and the annular rings

or collars. The rods were made from 1/h" diameter stock, threaded for

2" at each end and fitted with hexagonal and wing nuts. Rods were cut

in 10" and 18" lengths to accommodate both the 8" and 16" Lucite test-

ing cylinders. The perforated disks were made from sheet brass, 1/8"

thick, by simply cutting out a circular disk 8" in diemeter and drill-

ing 1/4" holes. The holes were drilled with centers on concentric

circles, staggering the centers radially so as to obtain maximum drain-

age while reducing the rigidity of the disk as little as possible. The

distence from center to center of holes was about z/L". Three holes

were drilled 120 degrees apart near the edge of the disks to accommo-

date the rods. By inserting and fastening the rods in the perforated

disk, a very satisfactory stand for the Lucite tube was obtained. The

tube was placed on this stend and held firmly in place by means of the

srinular ring and the brass rods.

2 The rubber tamper was made from a 2" rubber stopper by drill-

ing a hole through the center and fitting a wooden handle. This device

cave ample weight and had the advantage of not scratching the Lucite

tube when packing the sample.



5« The constant head device (Plate No. IV and Photograph No. II)

was constructed by cepping both ends of a 5" brass tube 5" in length

with sheet copper, leaving an air vent in the top to insure atmospheric

pressure. Four holes were tapped in the bottom of the tank and 1/on

brass nipples inserted. All connections were made watertight by

soldering. Any nipple could thus be connected with the supply, leav-

ing the others for use as outlets to the samples. A hole was tapped

near the top of the tube and a 1/2" nipple inserted in a similar menner

with a 90-degree elbow placed at each end. The elbow on the inside was

turned up to give a level overflow opening and the one on the outside

turned down to discharge the overflow into a small copper fumnel below

it. This funnel was connected to a rubber tube which led to a waste

sink. The funnel, which made the overflow visible, was found necessam

in order to regulate the main supply quickly. The apparatus was

mounted upon a slotted board in such a manner that it could be raised

up end down and fastened at any desired position. A meter stick wes

fastened alongside the slot in such a position that by means of a

pointer rigged on the tank the head on the sample could be read directly.

The constant head device as a whole was very satisfactory.

Hy » The supply pipes were made of 3/8" glass tubing as far as

possible. These were bent into various engles and designs to fit the

set-up. All connections were made using flexible rubber hose which

had the edvantage of easy control by use of pinchcocks. The supply

tubes were supported and held in position by elemps and vertical brass

rods (see Photograph No. I}. Once in position it was only necessary

to change the clamps when a different length of Lucite tube was used.

A glass Y was used to connect the supply tube, the permeameter standpire,



and the tube leading to the sample into a unit. Between the Y and

the glass tube in the large rubber stopper, a T connection was placed

Plate No. IV). If the supply tube from the constent head device was

fully opened, enough velocity was obtained to force out all air bubbles,

the bubbles either going out the T connection or rising up the permeameter

standpipe.

De The permeameter standpipes were simple glass tubes calibrated

and marked in 10 cm. lengths for a length of 50 cm. and mounted in sa

vertical position in such a manner that the supply from the constent

head device could be cut off and a rubber hose leading from the de-

aired water supply connected to the Y. The de-aired water could be

run directly into the stendpipe, then cut off while making the perme-

ability test upon the sample. The areas of the permeemeter stand-

oipes varied from 4.60 sq. cm. to 11.85 sq. cm. All calibrations were

made by the water volume method.

de The sample evacuator was en entirely original device made

up to fit this particular problem. It consisted essentially of seal-

ing the upper portion of the loaded test cylinder by closing a pinch-

cock directly above the T and connecting the horizontal leg of the T

{Plete No. IV) to a vacuum pump; end of sealing the lower end of the

cylinder by means of a rubber gasket between the Lucite tube and brass

plate, and e rubber suction cup on the lower side of the perforated

bress plate. Suction cup and gasket were treated with glycerin to

help prevent leakage. TVhen vacuum was applied through the cylinder,

the suction cup pulled snugly against the plate and the apperatus be-

came air tieht, A flask was inserted in the vacuum line to prevent

any particles from entering the vacuum pump. The suction cup was made



of a rubber stopper inserted through the center of a piece of rubber

casket material 6-1/2" in diameter. A small glass tube pierced the

stopper in the cup and led into a length of rubber tubing. During

svecuation of air from the sample, this tubing wes clemped with a

pinchecock, and during saturation of the sample de-aired water was ad-

mitted very slowly through this tube; the water being drawn in by

neintaining a vacuum in the cylinder with the vacuum pump.

7. The tailwater trough was a 12" by 30" rectangular tank 6

deep, constructed of heavy galvanized iron with wooden fremework to

furnish rigidity. This trough was placed directly in a sink so the

rater would drain off when it overflowed. Rv calibrating the position

&gt;f the scale on the constant head device with the overflow level of

the trough, the head on the samples could t~ readily obtained.

3a To facilitate packing of the sampl +1 an inverted position,

o cylindrical spacing block, about 1-° "" long. was turned out to fit

inside the L" Lucite tube. This block was ins-rted into the lower end

of a test cylinder. A clcselv fitted brass &lt;7 °

forated with 1/8" holes. was laid direct’ shar --1 then in turn, &amp;

50-mesh screen and a piece of cloth. Th= tease mates1was packed

lirectlv on this arrengement which provided « © rm tamping base, the

screens and cloth preventing ery fines from escaning during packing.

men the tube was restored to its upright position after being com-

pletely loaded, the spacer bloci was removed. The space then existing

above the small perforabed brass disk was almost completely filled by

the large rubber stopper. The thin space between stopper and screens

vas filled with uniform gravel to disperse the incoming water and

sreats a firm solid unit when the brass rods were tightened. A #20 or



#10 mesh screen cut to fit inside the tube was placed just between

the filter and lower perforated brass plate to prevent any grains

from lodging in the 1/4" perforations.

Je After the first tests, forms were designed and mimeogravhed

to be used for recording data. It was found that these expedited the

recording and insured that all necessary observations were made.5 J

Besides the apparatus designed and constructed for these tests,

she following standard equipment of the laboratory was used:

- 3

2
=~
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de

de

De

fe
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Lucite tubes.
Sample splitter.
Sieving machine.
Jet pump.
Drying ovens.
Scales.
Compaction test apparatus.
System for de-airing water.
Various flasks, evaporating dishes, and containers.

The Lucite tubes were of the common variety, 2", L", and 6"

nominal diameters. These were cut into lengths of 8" and 16™ to be

ised as desired. The tubes, being transparent, furnished an excellent

means of observing the actions of the materials during the test. It

vas found that the tubes possessed sufficient strength and did not

szasily break

2. The sample snlitter was ~ commercial device built in the

Form of &amp; trough with alternate chutes opening on opposite sides and

discharging into separate containers. When a sauple was poured into

this troush, an equal division of material was made, one-half entering

sach container. This splitter would not prss material larger than 1"

in diameter. An equal distribution of material this size or larger was

nade by hand after the finer sizes hed passed through.



5 - The sieving machine was an electrically operated commercial

apparatus mown as the "Rotap." It was designed to operate using six

sieves and a pan. The machine was equipped with an automatic starting

and timing device. Sieves ranging from 3" mesh to 250 mesh per inch

were available i 3 4 s eM 1"» These included special sieves designated 33, 3C, 3D,

and IE with openings of 26.67 mm., 18.85 mm., 13.35 mm., and 9.23% mm.

respectively,

114 The jet pump was similar to those used in many laboratories.

sonsisting of a water faucet with a tube tapped near the outlet. A

racuum of about 700 mm. could be obtained with this device, In addi-

ion, a mechanical vacuum pum) and trap was available. The water jet

sump was found satisfactory for the purpose of these experiments.

Se The drying ovens were electrically heated and automatically

sontrolled. Ample oven space was available for complete drying of

all samples at all times.

Be The weighing scales used were of the balance type and were

sraduated to read to the nearest gram. Fractions of a gram could be

read by estimating the position of the pointer.

?
® The compaction apparatus consisted of the standard Proctor

est equipment.

3, The system for de-airing water was similar to the procedure

jeveloped bv Professor Gordon M. Fair of the Department of Sanitary

Engineering, Harvard Graduate. School of Engineering, described by

Bertram. Heated water was sprayed into a tube through a nozzle. By

Yeeping a vacuum in this tube the air was removed from the water spray

luring a fall of about Li feet. From this tube the de-aired water en-

tered carboys where it was stored for use (Plate No. V). The capacity



»£ the system was from 4 to 5 gallons per hour, A storage capacity

»f 60 gallons was available. Atmospheric pressure was maintained in

the carboys by use of balloons as described in Bertram's report.

Routine tests conducted by the laboratory staff showed the dissolved

sxygen content to be about 3 to 5 parts per million. Similar tests

n tap water showed a dissolved oxygen content of 15 to 16 parts per

nillion at the same temperature.

Method of Testing. ~ The materials to be used in the tests were

shipped from the field in canvas bags of about 30 lb. normal capacity.

In the laboratory enough was selected to satisfy the requirements of

all tests and thoroughly mixed, using the sample splitter, until

homogeneous materials for both base and filter were obtained. These

were placed in cenvas bags, labeled, and stored for future use. From

representative samples of each material, specific gravity and com-

paction tests were run. Results checked previous tests by the labora-

Lory staff upon similar samples from the same locations.

The compection test was performed using a brass cylinder of known

weight and volume. First, the dry material was placed into the cylinder

as loosely as possible, striking off the top level, and weighing.

Knowing the weight, volume, and specific gravity, the void ratio and

lensity was computed. This test was repeated three times, the results

checking very closely. The test was again carried out, placing the

dry material in the metal container in about 2 cm. layers, packing as

tightly as possible with a metal tamper, and compacting to maximum

lensity with a metal block and rawhide hemmer. Terming the loose

state 0% compaction, and the dense state 100% compaction, curves were



drawn for the base and filter materials, plotting void ratio and

bounds per cubie foot as ordinates and percent compaction as abscissae,

 straight line being drawn from the 0% compaction point to the 100%

compaction point. From these curves, knowing the void ratio of a

naterial, the percent compaction could be read.

At the beginning of a test lengths of base and filter were chosen,

and the approximate amount of materials necessary were weighed out,

The entire amount of materials were analysed, using the "Rotap" siev-

ing machine, and a grain size distribution curve plotted upon semi-

log paper. After sieving, the material was thoroughly mixed to

reproduce its original state

The packing of the sample in the Lucite tube was accomplished

as follows: the frame was assembled placing the brass rods through

one of the perforated disks and tightening. About 1-1/2" of the

threaded length wes passed through the disk to allow plenty of roon

for the rubber stopper and collar which would be assembled later.

This formed a stand supported by the three ends of the rods. Next,

the Lucite tube was placed on the stand, the wooden spacer block in-

serted, The perforated brass screen, the 50-mesh screen and cloth

were placed directly upon the block in the order named. The collar

was lowered against the tube. The top set of wing nuts were made up

bringing enough pressure on the tube to prevent slipping during pack=-

ing. The base material was .placed gently on the cloth a spoonful at

Bn time until a layer of about one centimeter was in the tube. The

meterial was then packed as tightly as possible with the rubber tamper.

The entire base was packed in this manner taking care to put renre-

sentative material in each layer. After finishing a layer, the surface



was roughened before placing the next to avoid segregation between

layers. Tihen all of the base material was packed, the surface was

leveled with the tamper. The length of the sample was determined to

the nearest millimeter by averaging severe] measurements with a steel

scale. A red pencil line was drawn around the tube at the level of

the finished surface. The filter material was placed directly upon

the base material with care to insure the proper distribution of the

larger sized particles. If this precaution is not closely observed,

the grain size distribution of the filter is meaningless. The filter

was packed to the top of the tube arranging the surface to be as near

the level of the edges of the tube as possible. The length of filter

ras measured and records”

The collar was remove? and c 10-mesh screen was “laced directly

against the filter. Anv sand or grit on the end of the tube was wiped

off and a coat of glvecerin annlied.  &lt;«~f* rubber gasket treated with

glycerin was placed over the end of the tvbha2 ia such a manner that it

surrounded the wire screen and covered the edizs of the tube. The

perforated brass plate was placed against the rubher gasket taking

care not to disturb its position. The wing nuts were tightened,

oringing pressure through the plate to the gasket and screen. The

sntire apparatus was then inverted gently. Any subsidence of the base

taking place during this step was noted. The top plate was removed

and the spacer block lifted out. A thin layer of uniform gravel,

passing a #1 screen and retained on a #4 screen was placed upon the

perforated brass screen to distribute the water. The larce rubber

stopper was inserted tightly into the top of the tube. The brass

collar was placed in position on the stopper and drawn tight with the



rods and wing nuts. The sample in this state was ready for evacuation.

[he large soft rubber washer of the suction cup was rested upon

a 5" brass ring and thoroughly coated with glycerin. The testing

cylinder apparatus was gently lowered upon the suction cup so that all

of the perforations in the bottom disk were covered by the cup. The

washer was pressed against the disk by hand, the glycerin giving

enough cohesion to make it stick tightly. The T connection was clamped

tightly at the top end and the horizontal end connected to the vacuum

line. The tube leading to the bottom of the sample through the suction

cup was clamped at its end and placed in a beaker of de-aired water.

full vacuum was gradually applied to the sample. The sample was allowed

co evacuate dry for a period of 5 to 10 minutes. No action of the

grains of the material could be noticed during this period, but the

force of the vacuum was indicated by the collapsing of the soft rubber

hose connection at the upper end of the T. The gasket at the bottom

of the sample was observed to detect any minor leaks. If any were

found, they could usually be stopped with a few drops of glycerin,

then it was believed the air had been removed from the sample, the

pincheock at the end of the evacuator tube was opened slightly, al-

lowing de=-aired water to enter the sample. The water was admitted

very slowly for a period of about 20 to 30 minutes. When the sample

wes completely saturated, the vacuum was gradually closed, at the same

time increasing the pinchcock opening on the de-aired water supply.

When the tube leading to the vacuum was completely closed, the water

rose through the T connection, giving a state of thorough saturation

at atmospheric pressure. This was a critical stege because immediate



after the vacuum was completely closed the particles of the base mate-

rial that were unsupported were free to drop into the filter. The

amount of material settling depended upon the filter material and the

size of the voids therein.

By closing all pinchcocks the entire apparatus could be handled

without fear of admitting air or losing the water from the sample,

The sample was placed into the overflow tank where the suction cup

was removed, taking care to save any grains that may have passed the

screen and the perforated disk. The apparatus was placed upon 8 5"

ring in an evaporating dish and supported by wooden blocks on the

bottom of the trough at such a height that the bottom of the sample

was barely covered with water The .apparatuswasclampedtoone of

the vertical brass supporting rods in order to obtain rigidity. The

permeability of the sample was obtained before the test began. A

supply tube of the de-aired water svstem was connected to the Y. The

pinchcoclk: between the Y and the sample being closed, the de-aired

water was fd directly into th~ permeameter standpipe. Any air in

the Y or T connections was removed by opening the horizontal leg c¢”

the T and letting the water run through until all bubbles were removed.

By closing off the de-aired water supply and opening the line leading

to the sample, the set-up became similar to that used in all falling

head permeability tests. The time necessary for the head to fall a

distance of 50 cm. was taken with e¢ ston watch. At least three runs

were made on each sample. The head in the standpipe was measured to

the closest millimeter. All data were recorded on a form prepared

Por this purpose.

od



Permeability having been determined, the line leading to the

sample was closed and the de-aired water supply tube removed, re-

placing it with one of the supply tubes from the constant head device.

The valve controlling the supply to the constant head device was opened,

allowing considerable flow to waste. This was done to prevent exhaus-

tion of the supply tank of the constant head device when water was al-

lowed to enter the sample. Any air in the supply tubes was exhausted

as before. The ninchcock on th=2 line leading to the sample was opened

cradually unt’

closelv observed. becaus

" ==. SV ep wap ~ chteained. At thi- point the sample was

thn starilitv or instehili+y of a sample

was nearlv alweve indiecat-1 during the first few minutes of testing.

The remaining data including temperatures and head were taken.

Tha tasts were run for a period of time nece&lt;sarv to establish

a. condition of failure or stability. The index of either condition

vas determined visually. If sand grains could be seen trickling down

among the particles of the filter and continued to do so until a con-

siderable part of the base had moved, then a condition of failure was

pronounced. If there was very little movement at the beginning of the

test. and no movement during about two hours of run, a stable condition

was considered to exist.

When a test had run long enourh for the condition to be determined,

the water was shut off and the sample removed by entering at the top

and observing the appearance of the base materiale A length of about

i cm. of the base was scooped out to be analysed and compared to its

original grain size distribution. About 8 cm. of the filter was re-

moved from the bottom of the tube. These materials were placed in the

&gt;vens and analysed when completely dry.



Calculations consisting of gradient, permeability, void ratios,

percent compaction, wmiformity coefficients, grain sizes, and grain

size ratios were made. All grain sizes were read directly from the

curves. Data being taken, computations recorded, and comments made,

“he test records were filed.

All tests were performed in the manner outlined above with a few

variations in size of sample, direction of flow, and the use of de-

nired water instead of tap water. These variations entered only in

the tests which were re-run to check tests performed in the normal

manner, The tests varying in size of sample were Nos. 1, 6-B, 7-B,

ond 18, In tests Nos. 2, 6-B, and 7-B, upward flow was used. Tests

Nos. 1, 6=A, 15-4, and 19 were run wholly or in part using de-aired

water. The changes in the technique were made in an effort to deter-

mine the effect of varying these items upon the stability. In all

cases, once the limiting size range ¢* base and filter had been

established by the normal procedure the results obtained by the

check tests were practically identical with the original.
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IV. AWALYSIS OF T®mSTS

The following discussious outline in chronological order all the

tests carried out in this investigation. The peculiarities of each

test and the reasons therefor, together with the decisions prompting

subsequent tests, are related.

Test No. 1: The first step in this particular research, the

authors believed, was to determine the stability of the run-of-the-bank

filter material itself with water flowing through it. It was desired

to determine if wmder any conditions the fines would wash out or if

the grain size distribution would change in any manner. Accordingly,

the sample was set up as noted in the Appendix, the filter material

while subjected to downward flow resting directly on a layer of uniform

ravel, passing #D and retained on #E screen. A very small amount of

fines settled out into the gravel layer. All of these appeared to

come from the lower 3% cm. of the filter. the resulting natural grada-

tion retaining all the fines above this zon

Test No. 23 It was considered that in the previous test the

miform gravel layer might have acted as an efficient filter and pre-

vented the settlement of an appreciable amount of fines, so it was

decided to run a slightly different test to determine the inherent

stability of the run-of-the-bank filter. In this cas2 the flow was

reversed, emerging through the unrestrained top of the filter layer.

The sample was subjected to an excessive gradient, resulting in failure

by uplift. The test proved useless.

Test Noe 3: Since test No. 2 was so wmsatisfactorv. eo third

vas arranged to check the stability of the natural filter. This time



the filter sample was packed in the bottom of the tube and supported

by a $10 screen and the perforated brass plete. The upper part of the

tube was merely filled with wmiform gravel to meke the apperastus rigid

and disperse the downward flow of the water. Only 1 grams of fines,

or slightly over 1% of the filter sample, washed through, ell of this

materiel coming from the lower 0.5 cm. of sample. Analysis of the

upper two-thirds of filter sample indicated very slight change in the

proportion of fines. The varicnee In curves (see Appendix) must have

ceen due to failure o® » portion of the searple to be represertative

of the whole. In the first three tests the gradient end permeability

leterminations were coalenlated onlv from the len~+h of filter meterial.

Test Te- 1 rom the verwv slic™t losses of fines in tests Nos.

Ler? 7 "we erneluded that the run=-of-the-benk filter materiel was

Qine~ fin=~ &amp;® the filter would not wash out,

" base msterial protected by the

However, a test was set up with

the base materin? ah~v- c=? motors” Z“ilter below and subjected to

stable wif 0 7

natural £3iltar ¢-"1 wae" threr-

downward flow. In this gone Thpradiertsend perme’ “tv of the

senple was calculated over +n ent’r T-neth sine  =~ach materiel ap-

peared to be nearlv as perviov: « ~*her Tris combination gave

not the slightest indicetion of we-""

Test No. 5: It was planned at the beginning of the investiga-

tion to test the base with naturel filter materiel from which fines

below successively lerger screen openinss had been removed. To carry

out thet plen, a series of tests called Group I was to be made. This

best was accordingly set up, in which all fines of the filter passing

a 54 . o

“he fli screen were discarded. The base evidently was not pecked well



as only 58% compaction was obtained. When the semple was irverted

after packing, a considerable amount of fines from the base fell into

several rather large voids in the filter adjacent to the base. It is

felt that these large voids viere caused by non-representetive dis-

Eribution of sizes in packing the filter cue to inexperience. This

settlement of base materiel loosened and disturbed the entire length

of base above, At the end of the run there was such a decided

settlement of base that the combination was called a failure. How

over, since analysis of the upper portion of base after test indicated

such a slight chenge from the original, and that chenge in a finer

rather than a coarser direction, it was felt failure resulted princi-

7ally from the excessive disturbance when the sample was inverted.

Test No. B-Ar It was decided to repeat the previous test, this

time taking special cere to temp the base properly end obtain repre-

sentative distributicn of grain sizes throughout the filter leyer.

All other conditions were as nearly identicel with test No. © as

practicable. The sample was saturated very slowly and carefully.

This time no disturbance or movement within the base was noted and

the set-up proved to be verv stable, indicating thet failure of the

previous test was no doubt due to faulty prenaration. The test was

run for only a short time a3 stro lit seemed] assured when no settle-

ment of fines occurred in th~ first h~-*"&gt; %- -

Test No. 6« This wa- next in th- ecem==- 2ieving fines out

&gt;f the natural °°7+ » matarial IT. this cas f"ine 5 Ias s in&amp; 4/7
sereen were discarded. This combination proved to be stable which

Further checked the conclusions dravm in regard to No. 5-A. A very

7}



limited amount c Ls settlement occurred end this above a filter void

thet was lerger than normel. The length of test, 6-1/2 hours, was

considered to have allowed more than sufficient time for any failure

to occur.

lest No. Ts In this case the filt»r us~d was obtained by

. . . It 4

wasting ell the fines passing a 7E screen. The base was packed dry

in the usual manner snd the filter material vlaced in the tube with

care, When the tube was inverted, complete failure kv settlement of

the dry base into the filter voids occurred. Failure was so drastic

thet it was considered useless to run any water through the sample.

It was immediatelv decided to repest the test, so the materisl was

reclaimed by screenine out and recombining the correct particle

oroportions of filter snd bese

Test No. 7=A: Thi~ t-~t uu" "i--3 the mat~~"1ls reclesimed from

the previous test. The bo&lt; we~ packed in this instance in about 1 cm.

layers of dry material each laver then slightly moistened to obtain

some epparent cohesion. The base material remeined intsct vhen the

tube was inverted but immedistel~ sloughed down into ths filter when

the saturating water reached it from below. Ths settlement end dis-

turbence of the base was so pronounced that no permeability test was

taken. The complete failure of the lest two tests indicated that the

end point in the process of screening fines from the natural filter

had been reached,

Test No. 6-A: Since in the process cf screening fines from the

filter, test No. 6 was the last in the sequence to be stable, it was

thought best to run a check test, De-aired water was used in this

ase to determine any differences in behavior of the sample from that



previously noted with tep water. The combination was stable. The

only peculiarity noted by using de-aired water was that no air col-

lected in the semple. The short time of run was necessitated by the

limited supply of de-aired water.

Test No. 8: The next series of tests plenned, Group II, was

to determine the limits of stability with filter materiel made up of

uniform gravel screened out from the same natural filter material used

in the first group of tests. To start with, gravel passing the fC

screen and retained on the #D screen was arbitrarily chosen. The

routine procedure was followed with the result that the combination

appeared stable even though there was slight settlement of the base

luring the early part of the test. Since stability seemed assured,

the test was unwisely run for a relatively short time. The percentage

of fines in the filter after test (see Appendix) led to some doubt as

to certainty of the decision of stability.

Test No. O: The wmiform gravel used in the previous test

spparently giving a stable set-up, the next larger size of uniform

sravel, passing #B and retained on #C screen, was tried. This re-

sulted in complete failure during saturation of the sample. Results

of tests Nos. 8 and 9 led to the belief that the limiting size ranges

for stability with uniform gravels had been reached.

Test No. 10: The next group of tests decided upon was to use

two sizes of uniform gravel, equal weights of each size being taken,

which would give a filter uniformitv coefficient slightly higher than

that of the previous group. The same uniformity coefficient for

filter was to be used throughout this group, building up filters from



uniform gravel to relatively coarser or finer gradations as desired.

The filter for the first test in this group, called Group III, was made

up of equal parts of uniform gravel such that all passed the #B screen,

S0% was retained on #C, and 100% reteined on #D. The base, packed

dry end then slightly moistened to give some apparent cohesion, held

up when inverted and sloughed only slightly during saturaticn. How-

ever, considerable settlement occurred early during the test run, and

the combination was considered a complete failure.

lest No. 1ls The composition for the filter in this case was

built to correspond to a curve having the same uniformity coefficient

ns the previous one but with a finer gradation. It consisted of grains

passing the #B screen, 25% being retained on the #C, 75% on the 4D,

end 100% on the #E screen. Failure occurred in this case during the

first five minutes of test, with increasing settlement of base during

the next four hours.

Test No. 12: In order to make full use of equipment aveileble,

the investigators decided to set up tests in a fourth group before

research for Group III was completed. Group IV called for a filter

cradation of uniform gravel over three screen sizes, which would give

a uniformity coefficient somewhat larger than in Group III and con-

siderably larger than in Group II. The first test in this group hed

a filter composed of uniform gravel sizes, all of which passed the

iB screen, 33.2% of which was retained on #C, 66.7% retained on #D,

end 100% reteined on 4B. This composition of filter very closely re-

sembled that of tests Nos. 7 and 7-A which resulted in complete failure,

so it was expected test No. 12 would also fail. Contrary to expecta-

tions, the test held to such an extent as to be considered stable,



although a slight amount c. base worked into the filter voids.

check test on this combination was indicated.

Test No. 13%: A third test was required under Group III to

establish a stable condition. Accordingly, a filter was prepered ir

which ell gravel passed the #C screen, 50% was retained on #D, and

100% was retained on #7, The net result was a complete failure but

wes peculiar in that definite indicetions of settlement of the base

did not appear for about an hour and a half. Observations during

the early part of t-&lt;* showed only slight movements of base particles.

Test No. 8-4 TL~ failure of the previous test, No. 13, in

which the filter gradation was finer throughout than in test No. €

led to doubt as t» the conclusions regarding stability of No. 8,

which was run onl’ &amp; short time. A check test, No. 8-A, was ac-

cordingly set up. This time the result was, as expected, a complete

failure. Because of this situation. further tests were required

mder Group II tn establish » st-n" - cond&lt;tio~.

Test No. lis In Group JV. since test No. 12 was considered

stable, a slightly coarser gradation of filter was built up with ap-

proximately the same uniformity coefficient as test No. 12. The

combination failed.

Test No. 15 Proceeding in en endeavor to find a steble com-

bination under Group ITI, this test was run with a filter gradation

somewhat finer than test No. 13. Only very slight readjustments of

particles could be noted in the base during saturation. Stebility

was soon reached and maintained throughout the test. The result of

this test defined the limiting filter conditions for stability under

Group III.



Test No. 12-A: This set-up was prepared to check the questionable

results of test No. 12. The samples as prepared showed remarkable

similarity. In this test the base was packed dry rather than moist

as in No. 12, because no edvantege seemed to be obtained by the

moistening process. Test No. 12-A showed definite indications of

failure when inverted and during saturation. The run resulted in

complete failure, which carried out the original expectaticns for

this gradation of filter

Test No. 16: This t--t under Group II established the steble

sopdition desired. I* was prompted by the failure of test No. 8-A.

The filter in this case was &amp; uniform gravel passing a 7D screen and

retained on #E. It was packed and carried out in the routine manner

znd run for a longer than averesge period. The set-up was very stable,

and enalysis after test showed practienlly no change in gradation

whatev. v

Teet No. 17: The final filter arrangement under Group III

turned out to be a gradation of gravel, pessing the #B screen and

retained on the #3 screen, so that an effective size of 9.0 mm. and

a uniformity coefficient of 1.67 was obtained. This combination was

very stable, and it was therefore concluded that the limits of

stebility for the Group III wiformity coefficient hed been outlined.

Tests Nos. 15-4, 16-A, and 17-A: It wes considered undesirable

to base ultimate conclusions on only a single stable test in each of

Groups II, III, and IV. Accordingly, check tests were run on tests

Nos. 15, 16, and 17, duplicatingascloselyas possible representative

va.cking of materials and the conditions obtained in the original tests.



All three checked the previous results. In test No. 15~A, de-aired

water was used for the first forty-five minutes with no change in

behavior from the original test.

Test No. 18: The gravel bedding material in use at the Surry

ountain Dam was selected, washed and screened gravel from “the same

borrow areas as the filter material used in all prior tests. By

comparing a representative mechanical analysis curve of this material

with those of some previous tests, it was concluded that this selected

nateriel would prove a safe filter for the reguler base. To check

this conclusion a test wes set up. In this instence a 6" Lucite

cylinder, 16" long, was used, the purpose being to determine whether

larger area of contact between filter end base would affect results.

A special brass head was utilized in place of a rubber stopper be-

cause of the large area. Otherwise, the regular test routine was

simply changed slightly to accommodate the larger tube. As expected,

the set-up proved very stable.

Pest No. 19: In line with the practice oi checking stable tests,

another test was run on the same class of material as that used in

test No. 18. This time the regular L" diemeter tube, 8" long, wes

used. De-aired weter was again used for about forty minutes during

the early part of test, but as usual the effect on the sample was no

different from the effect of tap water. The stability of the test

proved the conclusions derived from test No. 18. These last two

tests were classed as Group V

lest No. 7-Bs Upon completion of the program outlined, it was

observed that practically all conclusions had been drawn from tests



in 4" eylinders, with downward flow, and that no tests were run for

an extended period of time. Therefore, to check results, it was de-

cided to set up a large cylinder using upward flow. It was felt that

the buoyant action of the upward flow might create ea slightly different

effect on the base. With upward flow, the possible disturbance to the

base upon inverting efter packing was avoided, a factor which does not

existi in placement of materials in the field. Materials were chosen

to reproduce those of tests Nos. 7 and 7-A. The test failed before

the full gradient of about 10 was reached. The test was continued for

sbout 25 hours to determine the extent of failure over a protracted

period. At completion of test, practically the entire base had

migrated into the filter voids and consicerable amounts of the filter

had dropped into the base layer. Failure of this test further checked

the conclusions of tests Nos. 7 and 7-A.

Test No. 6-B: Since a failure test was checked using the large

cylinder and upward flow, it was decided to run a check on a stable

condition in the same group. Materials in tests Nos. 6 and 6-A were

duplicated. Although the test ran continuously for prectically two

days, no indicetion of any movement in the base was noted whatsoever.

Apparently the conclusions drawn from the smaller tubes snd dovmward

flow were justified,
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RESULTS

Presentation of results. - The following tabuletion and graphs

illustrate the results of this investigation of protective filters:

Plate A: The pertinent data and the results of all tests con-

ducted are listed herein. Group I includes tests using run-of-the-

bank filter material in the natural state and with fine particles

below certain sieve sizes wasted. Groups II, III, and IV consist of

tests using a filter made up of uniform gravel sizes such that the

miformity coefficient for the filter material in each group is es-

sentially constent. The uniformity coefficient is the ratio of the

60% size to the 10% size. Group V is comprised of tests on selected

screened gravel adopted for use in the construction of a specific

sarth fill dam:

In the next t» the le-T colum, entitled "Ratios." the ratio of

the 15% size of the filter material to the 15% size of the base mate-

rial. and the ratio of the 15% size of the filter to the 50% size of

the base are tabulated. The percent sizes ere taken from the ordinary

cumulative grain size curves in which the percent finer by weight of

a soil sample is plotted against grain size on a semi-log scale. The

final column, headed "Comments," lists the result of each test.

Plate B: The critical grain size distribution zone of the filter

nateriel outlining the failure and stability conditions for esch group

and the spread of the grein size distribution of the base material

are shovm hereon,

Plates C, D, E. F. and G: These show a compilation of grain

size distributions of filter and base materials used in tests under

aroups I, II, III, IV, and V, respectively.



Plate F: This plate shows graphically the relations found to

exist between the grain size distribution of the base material end

various protective filter combinations investigated. The varying

niformity coefficient of the filter was chosen eas ordinate. The

ratios of the 15% size of the filter to the 15% size of the base, and

the 157% size of the filter to the 50% size of the base which define

the relation of the grain sizes between the filter and base materials

were used as absclssae.
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s , :

X 1

$ }

t : 3

1256 1 10.9 10.602
t t t

t 3 3

1239 : 10,7 :0.5695: 11.0
3 3 3

3 $ 3

1232 : 10,9 30,627: 12,3
: s '

: 3 :

1271 1 10,7 30,547:
' t $

3 s 3

1263 3 10,7 10.557:
3

dT

0.37

0.36

0.36

12,0

16.8

17.7

265.7
3 $

746 s+ 6.4 :0.567:
: : 3

508 : 65.3 :0.589:
3 3 s

717 + 6.1 :0,549:
$ t 3

761 - 6.3 30.527:
: 3

748 6.2 10,507:
1 t t

2010 7.1 30.5263
3 $

714 6.1 30,5581
t 1

787 3.4 :0,538:
: :

991 3.6 10.873:
s

:
3 t

6.1 10,509:
s 3

8.0 10,517:
t t

3.2 310,535:
s 3

B.4 10.497:
3 3

8.4 10,507:
3
$

: :

8.2 10.502;
3 t

8.1 :0,518:
: :

t t

6.4 10.513:
: s

8.3 30.490:
3

i 3 2

784 : 6,5 10,519:
: :

 é

5.10

+90

2.20

2.36

2.25

2.01

2.00

2.00

"

8.2

8.1

8.0

10.9
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RS

0

30

11.0

11.0

’

75

RA

1.16

.19

14.0

14.0

Passing #C,retained on #D.
Passing #C,retained on #D.

Passing #B,retained on #C.

Passing #D,retained on #8.

Passing #D, retained on #8.

RE

+168 20.0

10.1'e17 17

+18 10.1 1

ledl

lod]

16.0

12.3

ie

‘assing #8, 50% retained on #C,:*
100% retained on #D. 3
&gt;assing #B,28% retained on #C,s.
15% retained on #D, 1004 re-
tained on #8. ’ !

2assing #C, 50% retained om #0,
100% retained on #8. :
Passing #C,25% retained on #D,::
75% retained on #E, 100% re-
tained on #3.
Passing #C,25% retained on #D,
15% retained on #8, 100% re-
tained on #3.

"assing #B, 33.3% retained on
+C,66,7% retained on #D, 100%
retained on #8. 5.
Passing #B, 33.3% retained on ::
¥C,86.7% retained on #D, 100% ::
retained on #8. tt
Passing 1-1/2",16.7% retained 1:
‘on #B, 50K retained on #C,83.¥1:
retained on #D,100% ret. on#B.11
Passing #8,16.7% retained on 1
#C,50% retained on #D,83.%re-:s
tained on #B,100% ret. on #3. 11
Passing #B, 16,7% retained on 1:
#C, 604 retained on #D,83.¥re-1:
tained on #B, 100% ret. on #3.1s

Selected, soreened gravel,

“elected. soresned gravel,

‘a
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t
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i
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)86
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$ 3 :

770 + 6.3 30.494;
} . :

3 : 3

773 s+ 6.4 10.508:
3

s 3 :

780 : 6.5 30.510:
t t

: t t

177 + 6.5 10.524:
1

:

2

3 2 3 s

» 1690 3 6.7 10.53:
' : 3 $

764 :+ 6.2 10,483:

3

21,0 : 67.4

$ 3

21.86 1 20.3 1 67.1

3

20,7 3 87.1

4 3

20.6 s 20,0 3 67.1

1.64 11.6

} 30 1.71 15.0

34 1.87 1eS

JA?  3X 1.688  MM

{

ROUP
8 -

1d

3

: 3 :

P6OS : 34.2 10,544:
1 : :

1336 3 10.9 :0,509:

20.6 19.4
4 3
1169.3 ¢
i

7.4

i6 83

I)

5 ol 5.18 3

20.5 20.0 I; }.64 33

niformity 10% 8ise 60% Size; Ratios
“oeffiolent — = TYYE.III

Comments
 3d

Very stable.

Pailure by uplift.
Stable.

2.28 © 0.63 1.6 3 0.721 Very stable.

426 : 0.60 28.4 111.8 Patlure.
0.29 : 0.58 24.8 112.4 Very stable.
0.26 1 0.67 152.9 $15.7 Stable.
0.29 : 0.62 31.0 114.5 Stable.
0.32 : 0.63 26.1 114.3 ery stable.
0.29 : 0.60 140.3 119.5 Couples failure (dry;
0.29 ) 0.60 140.7 119.7 Pai lure.
J.28 : 0.67 141.8 120.5 «Complete failure.

).25 40

5.20

3.54

t.38

5.65

3.28

3.20

3.28

5.08

J.22

0.24

0.23

0.23

0.27

0.28

3

0.25

). 24

0.29 + 0.61 148.3 122.9 Stable.
0.30 ‘ 0.684 148.7 121.9 ‘Complete failure.
0.28 : 0.70 i714 126.6 ‘Complete failure.
2.27 . 0.59 157.4 17.1 Ya stable.
.30 : 0.62 158.7 116.3 Stable.

0.24 5.40

5.70

1.77

fe 54

5.40

D.24

N.22

).22

0.26

do 22 +82

1» 84

0.26 H 0.59

0.29: 0.64

V 3 3

157.7 126.4 1Complete failure.
i $ $

142.4 119.2 :Complete failure.0.285

2.22 .45

54
0.27 3 0.57

3

2.27 «+ 0.859

: }

39.2 118.68 sComplete failure.
3 3

32.6 114.9 s1Stable.2.22

0.24 1 41 3.28 n.81
dt

31.7 114.6 tStadble.

Je TO 0.28 0.681
5 $

10.3 118.6 Stable.

3 3

43.0 120,7 sComplete failure.

3 3

144.8 122.4 sFallure.

7.22 lo 38 Ne2T * 0.568

Do24 41 de28 - 0.58

Ye 40 J.29 + 0,62
3 3

132.0 115.0 sVery stable,

5 3 3

132.4 315.4 iStatle.Jeb  eePv 7.29 + 0.61

0.26

0.24

5.00

5.00

3

0.31 «+ 0.61
3

J.29t+ 0,79

i § 3

H 3 3

120.0 $110.2 1Stable.
3 $ 3

12345 t 9.2 :Stable.
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PLATE A

















Discussion of Results, - It was decided in comparing the grain

sizes of filter and base to follow the principles suggested by Terzaghi

and later used by Bertram. Accordingly, the criteria adopted con-

sisted of the ratio of the 15% sizes of filter to base, and the rstio

of the 15% size of filter to the 50% size of the base. The 50% size

»f base varied within narrow limits while the 85% size, chosen by

lerzaghi, fluctuated to such an extent as to be misleading for com-

raretive purposes. The 50% size also indicated the average grain size

of the base material, Therefore, in this study it was found more

satisfactory to use the 507% size of the base. It was noted that both

of these ratios for the limiting condition of stability were consider-

ably higher then those obtained by Fertram. It seems logical that these

ratios, obtained with the non-uniform gradetion of base material used

in this investigation, would be larger then corresponding ratios ob-

tained with uniform base materials. In a non-uniform meterial the

“iner particles are necessarily retained in place by the coarser

nartcicles.

Intere "ng results were obtained by plotting the uniformity co-

sfficients of the filter against the grain size relations (see Plate H).

[t vas noted thet the limit of stability falls within a definite range

of’ each of the grain size ratios. The existence of 2 critical zone

between stability and failure is clearly demonstrated in each group.

The trend of this critical zone covering all rroups studied shdws that

both ratios tend to decrease with an increase o” the uniformity co-

efficient of the filter. A study of the grap: (Plate H) indicated

that for stability the ST of the 157 size of the filter to the 15%

size of the base should not exceed 22, and the ratio of the 15% size



of the filter to the 50% size of the base should not exceed 15, It

nay be noted that for any particular combination of materials a slightly

lifferent value may be chosen.

It is believed that research on filter material as a protection

Por this specific base material was complete. The spread of the base

naterial and the limiting stability zone of the filter is illustrated

»n Plate B. It is the opinion of the authors that any filter material

Taose distribution curve lies to the right of this critical zone will

rive full protection for this base material.

Results of tests as to stability or failure were detsrnined

larsely by visual observation. In all ceases a certain small amount

rE fines fell from the base into the voids of the filter. This was

to be exnected because the base material was cohesionless and because

neny of the voids in the filter were larger than the finest grains of

the base material, In all tests where failure occurred, it was very

oronounced., Failure consisted of a continuous erosion of base material

into the filter voids with a complete alteration of the original grain

size distribution of the base, In cases of failure a definite indica-

tion of erosion of base into the filter was always cbserved during the

sarly part of the test, Once started, the erosion continusd through-

out the length of test, The thickness of the filter layer used in

these tests was found to be amnle to establish definite failure con-

iitlonss In no case was it felt that plugging of the filter was a

decisive factor since base material entering the filter invariably

iropped to the bottom of the tube leaving a practically clean reach

»£ filter directly below the base.



The only requirement as to size of sample tested was that the

area be large enough to obtain representative distribution of the

rarious particle sizes in the filtsr material. The area of the L"

liameter tubes was considered adequate. Check tests run in tubes

neving approximately 2-1/2 times this area substantiated this decision.

The use of de-aired water is recomnended for permeability testing

to avoid the inconsistent results due to collection of air in the

“est sample. In testing solely for filter protection, tests with both

le-aired water and ordinery tap water indicated no particular advan-

tage for either.

[In all conditions investigat-c gradient, calculated on the

thickness of the base layer and very considerably higher than would

be encountered in sctual practice, was used in order to create ex-

tremely adverse effects. With the above conditions and making use of

veriods of testing up to approximately Ll hours, observations indi-

cated that a definite state of failures or stability is established

within the first two hours. It seems reasonable to assume that high

sradients compensate for relatively short periods of testins

From the results of the majority of tests run with dovmward flow

and the two check tests run with upward flow, the conclusion was

reached that with a large gradient the direction of flow is immaterial.

Although permeability determinationsweremadeonthebasis of the

original thickness of the base layer in practically all tests, any

relationship between the values obtained and the void ratios was too

erratic to determine. It is believed that the range of base materials,

the presence of the filter, and the partial failure of the base mate-

rial in some tests materially distorted the permeability values.



Neither the permeability nor the compaction of the base appeared to

have any direct effect upon the stability of the sample. Compaction

»f the base in practically all cases exceeded 60%, giving densities

that are considered entirely satisfactory for this type of soil in

rood construction practice.

[t is realized that investigations covered by this report include

only a small portion of the field of research concerning protective

Filters, but it is felt that the procedures outlined will prove satis-

factory in determining a safe protective filter for a given base

material.



All original tes’ data is filed at the
Soils Laboratory of the Providence District,
(hited States Engineer Department, Providence,
Rhode Island.



APPENDIX

Plates Nose. I wre I

Photographs Nos. - + VIII

Test Data Tests Nos. 1 ~~ 7
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PHOTOGRAPH NO. I

sENERAL SET-UP OF APPARATUS



PHOTOGRAFH NO. II
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PHCTOGRAPH NO, III
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PHOTOGRAPH NO. IV

TYPICAL FAILURE
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PHOTOGRAPH NO. V

BASE MATERIAI
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PHOTOGRAPH NO. V
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PHOTOGRAPH VI
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PHOTOGRAPH VII
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PHOTOGRAPH VIII
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SAMPLE

Filter

Neight: 2587 ge

Sp. Gravity: 2.7h

Length; 18.5 cm,

Void Ratio: 0.323

Sempaction: 66 %
Jnif,. Coef.: 12.0

Eff, Size:

Grain Sizes:
10%
50%
15%
50%

0.35mm.,
1,2 mm,
0.);5mm,
D.o5mm,

Ratios of Grain Sizes:
157 Filter: 15% Base =
157 Filter: 50% Base =

Base

&gt;,

nm.

Mim«
Tm§
mm.
Mo

-

 prerg—

Date: July 29, 1940
Test No.:

nylinder Area: 67.6 sq.cm.

Cylinder Length: 16 in,

Total Time: L hr. O min,

Avg. Tempe: 33,5°C
Head:

Gradient:

130.1 cm,

7.0

Permeability: A
kig = 227 x 107% cm. /sec,

Passing fi Screen.
Retained on «$6 Screen,

Filter

Passing No. D screen,
©1poScreen

retained on
No. E secreer

 Brass Plate; 1/L" holes.
COMMENTS 3

Very stable,

Natural filter material only used, to check stability within itself. Uniform
filter, passing No. D screen and retained on No. E screen, used to fill tube and
support filter.

Material was packed dry.

Test run for first hour with de-aired water and for remaining 3 hours with tap
mater. Very slight shifting of material into uniform gravel when tube was inverted
after packing. Slight settlement of material during first 5 minutes of test. No
alteration noted beyond 3 cm above bottom.





SAMPLE

Filter

Neight: 767 g.

Sp. Gravity: 2.74

Length: 5 ¢

Void Ratio: 0.370

Compaction: L2 «
Jnif, Coef.: 16.8

Eff, Size: 0.57 mm.

Grain Sizes:
Ln
5
Ll
5C

. —-———

mm,
mm.

mm.
mm.

.

-

Ty

Ratios of Grain Sizes:
157 Filter: 157 Base =
157 Filter: 6507 Base =

Base

~n

‘da.

TIN

MM.

mm«
mm4
TMMo

Date: July 31, 1940
Test Mo,.: 2

Cylinder Area: 67.3

cylinder Length: 8

Total Time: = hr, 10 min,

SQeC,

Avg. Temp,: 20.8

Head: 114.9

Gradient: 20.1

°
Cn.

Permeability:
Kip= -~ x 1074 cm, /sec,

SOC,Winonfolona{Om,
Rt iermpaG——

Jakonero
rT

 GT arreX
AER

Filter material

Passing D, retained on E

COMMENTS ¢

Complete failure.

. 20 Screen
Passing No. l} screen

~ Retained on No. 6 screen
ST

oo Fergus” ~~ — 7 = lewwe,
Upward flow.

Naturel run of bank filter material.

Packed dry.

Sample packed as shown, saturated by gradually allowing water to enter from bottom
No failure during saturation but immediately after total head was applied the sample
heaved creating a large pipe hole 1.5 cm. in diameter near edge of cylinder. More
Finer material washed out as test continued. Heaving due to excessive gradient with
no protection for material.





SAMPLE
Filter

Voight: 1282  ¢g.

Sp. Gravity: 2.7h

Length: 9.2 com,

Void Ratio: 0.325

Sampaction: 65 %

17.7Jnif, Coef,:

Eff, Size: 0.25 mm,

Grain Sizes:
10%
50%
15%.
50%

Je35 mm,
5.20 mm,
0.44 mm,
2.90 mm.

Ratios of Grain Sizes:
157 Filter: 157 Base =
15% Filter: 507% Base =

Base

fo

SL.

Mm.

mm,
THM
mm,
MMe

—

*

Date: July 31, 1940
Test Vo.:

Cylinder Area: 67.3 sq.cm.

Cylinder Length: 8 in.

Total Time: 7 hr. O min,

Avg, Temp.: 21.1 °c

Head: 120.1 cm,

Gradient: 14.2

Permeability:
kg = 99.5 x 107k cm, /sec.

v Passing :}li Screen,
¥ Retained on «6 Screen.

Passing No. D Screen
Retained on No. E Screen

Filter 10 Screen

I ———

eisare——

\- Brass Plate; 1/4" holes.
TOMMENTS :

Stable.

Filter material only used; supported on a No. 10 screen.

Material packed dry.

No movement of partieles noted in body of sample during test. Washing out of
fines was apparent for only about 0.5 cm from the bottom. Fines passing the No. 10
screen weighed 1 g dry. The top 6 em of sample were analysed after test.





SAMPLE
Filter Base

7L5  g.Veight: 129), ge

Date: July 51, 1940

oylinder Area: 673 Sq Cla

cylinder Length: 8 in,
3p. Gravity:. 2.7L

Length: 9.2 cm,

Void Ratio: 0.308

Compaction: 15 %
Tnif, Coef,: | 25.7

Eff, Size: 0.25 mm,

271

6.0 Cm,

0.567

€5 of
&gt; .

7

0 «25mm.

Grain Sizes:
10% 0.355 mm,
50% 9.C mm,
15% 0.145 mm,
50% Le? mm.

0.25 mm,
0.86 mm.
0.28 mm,
0.63 rm,

Ratios of Grain Sizes:
157 Filter: 15% Base = 1.6
157 Filter: 507% Base = 0.72

A ———
v,EP

Total Time: 10 hr. 30 min,

Avg. Temp.: 20.8

Head: 150.1

Gradient: 83

Permeability:
kg = 168 «x 107k cm, /sec,

_ Passing sty Screen.
Retained on +6 Screen,

RBa.se

Filter

10 Screen

\~ Brass Plate; 1/4" holes,
COMMENTS ¢

Very stable.
Filter. = Natural run of bank.

Packed drve.

No failure noted through tube at any time during saturation or during test.
lap water only used. Considerable air noted in voids toward end of run. Concluded
that failure practically impossible with this combination. Fines passing through
screen too small to weighe No analysis of material after test.





SAMPLE

Filter Base

Keight 1255 g. €n8

Sp. Gravity: 2.7L

Length:

Void Ratio:

ge.

2.7"

5-7 om.

0.525

Compaction:

Unif. Coef.:

Eff, Size: 6.7

58 o

-

7

TM. 0¢22 mm,

Grain Sizes:
107
AC
1
5¢

mm.
mm,
mm,
mm.

0.22 mm,
0.71 mm.
0.25 mm,
0.50 rm,

Ratios of Grain Sizes:
157 Filter: 15% Base = 28.)
157 Filter: 607 Base = 11-R

 -—

Date: August 1, 1940
Test No.

Cylinder Area: 67.1 Se CMe

Cylinder Length: 8 in,

Total Time: 3 hr. O

Avg, Temp.: 20.1

Head: 130.1

Gradient: 2li.6

min,

°a
Cla

Permeability:
x 107% om, /sec.

Passing sli Screen.
ball . i"“Retained on +6 Screen.

Ra. se

Filter

10 Screen

Setr.

~ Brass Plate; 1/4" holes.
COMMENTS

Failure.

Filter. = Wasting all particles passing No. 4 screen.

Packed dry.

Jonsiderable failure observed in dry materials when sample was inverted.

67g fines washed through No. 10 screen. Since mechanical analysis of top
portion of base material changed very little during test it is believed that
settlement of dry material when sample was inverted led to eventual failure.
Mechanical analysis after test made on top l.l4 cm. of base and bottom 10.1 cm.
»f filter.





SAMPLE

Neight: 1289 g. T17 Fo

Sp. Gravity: 2.74 2.71

Length: 11.2 cm. 6.1

0.595 0.549

Cie

Compaction: T1

nif. Coef.: 2.86

Eff, Size: 6.3 mm. 0.2 mm.

Grain Sizes;
10% 6.3 MIN»
50% 18.0 mm.
159% Tee mm.
50% 15,0 mm,

0.24 mm,
0.85 mm,
0.29 mm.
0.58 TIM ¢

atios of Grain Sizes:
157 Filter: 15% Base = 24.8
157 Filter: 507% Base = 12.14

~

tout

Date: August 2, 1940

Test Noe: 5-A

Cylinder Area: 67.1 Sq «CMe

Cylinder Length: 8 in.

Total Time: 1 hr. 15 min,

Avg. Temp. 3 20.5% °c

Head . 130.1 Cm,

Gradient:

Permeability:
k1g = 243 x 10~k cm, /sec,

&gt;

Passing zl: Screen.
Retained on +6 Screen.

Base

Filter

10 Screen

—

« Brass Plate; 1/4" holes.
COMMENTS 3

Very stable.

Filter. - Wasting all particles passing No. L screen.

Packed dry.

Special care was taken with tamping end saturating in this case to avoid the
conditions of the previous test. No noticeable settlement of the base occurred
luring any part of the operation. Amount of fines passing the No. 10 screen wes
negligible. 10 em of the filter and L.5 cm of base were analvsed after test.





Date: August 2, 1940
SAMPLE

Neight: 1281 g. 151 eg.

Sp. Gravity: 2.7h

Length: 10.8 em. 6.3 cm

Void Ratio: 0.577

Compaction: 797
2.5 LL. 25

Eff. Size: 8.2 mm, 0.23 me

Grain Sizes:
10%
5C 7

Fr
50

8.”
 ©

mm,
mm,
mm,
mm.

0.23
1.00
0.28
0.67

mm.
TM.
mm.
TMo

[

i

dn

T

.

Ratios of Grain Sizes:
157 Filter: 15% Base =
15% Filter: 507% Base =

52-9
12.7

Test No,:

Cylinder Area: 67.1 sq.cm,

Cylinder Length: 8 in.

Total Time: 6 hr. 30 min,

Avg. Temp,: 20.1 °c

Head: 130.1 cm,

Gradient: 20.7

Permeability:
kg = 250 x 107% cm. /sec,

Passing sl; Screen.
hall ’ tHRetained on #6 Screen,

Base

Filter

10 Screen

~ Brass Plate; 1/4" holes.
COMMENTS¢
Stable.

Filter. - Wasting particles passing No. 3 screen.

Packed dry.

No failure noted when inverted. Slight gap of about one cm. by 1.5 cm. formed
juring test. This believed due to a large void in filter. Sample quickly reached
stability.

4g fines washed through No. 10 screen. Mechanical analysis run on top 3.5 cm.
of base and bottom 6 em. of filter. Practically no change noted in base material,
indicating stability.





SAMPLE

Neight: 1223 &amp;. 748 ge

Sp. Gravity: 2.74
Length: 10.8 cm.

Void Ratio:

é.2 or

0.577

Compaction: 85 -

Unif, Coeff, : -— —-—
-
- 3.65

Eff, Size: 8.1 mm. 0.2% mm,

Grain Sizes:
107,
50%
157%
50%

8.1 mm.
19,0 mm,
9.0 mm.

16,0 mm.

0.23 mm,
0.8; rm.
0.29 mm.
0.62 im.

Ratios of Grain Sizes:
157 Filter: 15% Base = 31,0
15% Filter: 507 Base = 1};,5

—

emis

Date: August 5, 1940

Test Vo.:

Cylinder Area: 67.1 SGeCMe

Cylinder Length: 8 in.

Total Time: ¢ hr.jj0 min.

Avg. Temp,: 28.0 C

Head:

Gradient:

126.3 Cm.

"o0.ls
Permeability:

kip = 287 x 10~k cm. /sec,

¥ Passing 3 Screen.
retained on «#6 Screen.

Base

Filter

10 Screen

ry

~ Brass Plate; 1/L" holes.
COMMENTS 3

Stable.

Filter: Wasting particles passing No. 3 screen.

Packed dry.

Very slight settlement of base into filter when tube was inverted, which con-
tinued to a very small degree during the run. De-aired water was used during entire
sest to check Test No. 6 which used tap water. Limited supply of de-aired water
accounted for short run. 16 g dry weight of fines passed No. 10 screen. 9.5 em
»f filter from the bottom and 4 om of base from the top were anelysed after test.





SAMPLE

Base
Neight: 960  g. 2010  g.

Sp. Gravity:

Length:

Void Ratio:

Filter

2.71

Tel Cm.

0.525

Compaction:

Jnif, Coef,:

Eff, Size:

809
3,26

8.0 mm. 0.27 mm.

rain Sizes:
10%
504
 A
50%

8.0 mm,
18.0 mm,
9.0 mon

16.0 mm.

0.27 mm.
0.88 mm.
0.32 mm,
0.65 MMe

Ratios of Grain Sizes:
157% Filter: 15% Base = 2841
157 Filter: 507 Base = 1°

Date: August 20, 1940

Test Nou: 6-B

Cylinder Area: 159.3

Cylinder Length: 16

SCoCla

in.

Total Time: 43 hr. L5 min.

Avg, Tempe: 20.0

Head: 110.0
Gradient: 5.63

°c
CM

Permeability:
Kyg = = x 1074 cm, /3ec,

 SGI Re 35 fos SR SO,
 nphesEERE

Milter

Base 50 Screen and cloth

COMMENTS¢
Very stable.
Filter. - Wasting all particles passing No.3 screen.

~ =.

Upward flow.
i  A Suge .

Base packed dry as densely as possible, with care to avoid any segregation.
sample was saturated very slowly from the bottom, end the head of L,0 em. applied
rradually. Head limited to LO em. to prevent heaving of sample unrestrained on top.

No movement or disturbance of base particles observed during test. Con-
siderable air collected in base. Upon dismantling base appeared as sound and firm as
vhen packed. No fines noted in filter.

Filter between 1 cm. and 3 cm. above base and 5.9 cm. of base material analysed
1fter test.





SAMPLE

Weight: 1237 g. Ti

Spe Gravity: 2.74

Length: 10.8 em.

Void Ratio: 0.£08

Filter Base

2.7"

Loa
Cal ~-

0.558

Compaction: €r 7

nif, Coef,: 2.01

Eff, Size: 10.9 mm.

m~
eo

0.25 mm.

Grain Sizes;
107 10.9
507 21.¢
IL
5C.7 19.

mm,

Mm.

TM,
MM.

0.25 mm,
0.80 TM
0.29 mm.
0.60 rm,

Ratios of Grain Sizes:
157 Filter: 15% Base = LO.”
154 Filter: 607% Base = 19.0

~

 ——
|

Date: August 3, 1940
Test Moa: [

Cylinder Area: 67.1

Cylinder Length: 8 in.

Total Time: 0 hr. OO min,

SQ. CM,

AVE a Temp o: °a

Head: “mo.

Gradient:

Permeability:
Kyg = = x 107% em, /sec,

 Ny
Passing #4, Screen.

 ¥Retained on +6 Screen,

Base

Filter

#:
~~ 20 Screen

\&lt; Brass Plate; 1/4" holes,
COMMENTS3
Complete failure.

¥ilter. = Wasting particles passing No. E screen.

Packed dry.

Sample was packed as usual but failed when inverted, the finer particles of
the base running down to fill the large voids in the filter. Decided to pack a
similar sample moistening base to hold it in place until saturated. See test T7-A.
No mechanical analysis taken after failure.





SAMPLE
Filter Base

757 geNeight: 1184 &amp;g.

Sp. Gravity: 2.7h

Length:

Void Ratio:

Compaction:

2.71

10.5 cm. 6.L. cm.

0.628 0.538
 7

3,28nif. Coeff. ?

Eff, Size:

2.00

11.0 mm. 0.25 mm,

Grain Sizes:
10%
506
15°
5C

11,0 mm,
22,0 mm,
11,8 mm,
20,0 mm,

0.25 mm,
0.82 mm,
0.29 mm,
0.60 MM

ratios of Grain Sizes:
157 Filter: 15% Base = L0.7
157 Filter: 507% Base = 19,7

Ea
.

bene

Date: August 3, 1940

Cylinder Area: 67.1 sq.cm.,

cylinder Length: 8 in,

Total Time: 1 hr.30 min.

Avg. Temp.: 20.3 °C

Head:

Gradient:

130.1 Cm,

20.4

Permeability:
Kig = = x 1074 cm, /sec.

  f Passing :fli Screen,
¢ Retained on +6 Screen.

Base

Filter

20Screen

- Brass Plate; 1/L" holes.
COMMENTS ¢

Failure.

Filter: Wasting all particles below No. E screen.

Base packed in 1 cm layers, dry; each layer then slightly moistened to obtain
some cohesion and prevent failure when tube was inverted. The base held until
saturating de-aired water reached it from the bottom. The base settled to such
an extent that a void about 1 em long was left on top; the voids in the filter
appeared to fill up with a large amount of sand from the base. Tap water was sub-
sequently run through sample but no further failure resulted.

5 g dry weight of fines passed the No. 20 screen, 8.5 cm of filter from the
sottom and about 3 cm of base from the top were analysed after the test.





SAMPLE

Neight: 10,007 g. 991 ge

Sp. Gravity: 2.7L

Length: 37.1
Void Ratio: 0.7" 0.

Compaction: bly «

Unif., Coef.: e 3.08

Eff. Size: 11.0 mm. O0«24% mm,

Grain Sizes:
107.
50%
15%.
507% ©

3 ~~+ 1 4
--

Tam4
mm,

MM»
mm.

0.24
0.7h
0.27
0.57

mm,

Tm4
mm,
TMo

Ratios of Grain Sizes:
157 Filter: 15% Base = L1.8
15% Filter: 507% Base = 20.5

COMMENTS «

Date: August 17, 1940
Test Nou: 7-B

Cylinder Area: 159.2

cylinder Length: 16

SQ CM,

ine

Total Time: 25 hr. = min.

AVE. Temp. : 20.0

Head:

Gradient:

°c
CM.

Permeability:
kig= = x 1074 cm. /96C.

ats
Ee

 athdl
SAAXXKKL

AXKXXXXXKX XLAKXX
TXITIIRX,

taal
es

AA
TTXXX;

ABNAAKXXXK:

mS TE WT A
 te geemmyre

Filter

Base 50 Screen and cloth

~ P=
Upward flow.

Complete failure.

filter, = Wasting all particles below No. E screen.

Base packed as densely as possible for such a large diameter and short length.
Entire sample saturated very slowly from bottom with de=cired water. No disturbance
noted during saturation. A head of 28.2 cm, was applied gradually. Flotation of a
Few of the upper particles of the base occurred very quickly. When the full head
vas reached, base particles over a considerable area were violently jumping about.
During two hours under the 28.2 cm. head fines washed as high as 8 cm. into the
Filter. Some filter gravel dropped into cavities caused by failure of base.
Balance of test under 35.7 cm. head. Fines washed up to 20 cm. above original top
&gt;f base. Filter between 2 and 6 cm. above original top of base and 2.7 cm. of base
naterial were analysed after test.





SAMPLE

Filter Base

3h 8Neight: 126g.

Sp. Gravity:

Length:

Void Ratio:

2.71

 11.7 cm, 6.1 cr

0.612 0.50

Comphaction: 85 %

Unif, Coef.: 1.25  hh
1,0 mm. 0.2ly mm,

rain Sizes:
10%
AC
1
3

1);,0 mm,
16.3 mm,
1);.0 mm,
16.0 mm,

0.2, mm,
0.82 mm,
0.29 mm,
0.61 rm,

Ratios of Grain Sizes:
157 Filter: 157% Base =
157 Filter: 507% Base =

48.5
2°-9

Date: August 5, 1940

Test No.

Cylinder Area: 67.1 sq.cm.

Cylinder Length: 8 in,

Total Time: 1 hr.l5 min.

Avg, Temp, : 19.8 °c

Head:

Gradient:

130.1 cm,

21.4

Permeability:
kig = 38) x 1070 cm, /sec.

Passing sli Screen,
“Retained on +6 Screen,

Base

Filter

20 Screen

\&lt; Brass Plate; 1/L" holes.
COMMENTS

Stable.

Filter: Uniform material, passing No. C screen, retained on No. D screen.

Packed dry.

Slight settlement of base into filter during early part of test, but no
visible indication of definite failure. 16 g dry weight of fines passed the
No. 20 sereen. 7 cn of filter from bottom and 3.5 cm of base analysed after
test.





SAMPLE

eight: 1227 g. T21 g.

Sp. Gravity: 2.7L

Length 114k em. 6.0 cr

Void Ratio: 0.716 0.517

82

270Unif. Coef.:

Eff. Size: 13.8 mm, 0.21 mm,

Grain Sizes:
10%
Zo

|

13.8
16.11
1 en
15.5

mm,
mm,

mm,
mm.

0.24 mM,
0.89 mm,
0.30 mm.
0.6L rm,3.

Ratios of Grain Sizes:
157 Filter: 15: Rase =
154 Pilter: 607 Base =

LE?
21.

 ctr te
arent

Date: August 8, 1940

Test No,: 8=A

Cylinder Area: 67.4 SQeCM,

Cylinder Length: 8

Total Time: 3 hr. O min.

Avg, Temp.:

Head:

Gradient: 21.

Permeability; =
kig = = x 1074 cm, /sec,

Passing :tL; Screen.
“Retained on +6 Screen.

Base

Filter

10 Screen

"« Brass Plate; 1/4" holes.
COMMENTS¢
Complete failure.

Filter. = 100% passing No. C screen, 100% retained on No. D sieve.

Packed dry.

Indication of failure during saturation. Sample subjected to downward flow as
usual to check on completeness of failure. Sample continued to fail throughout test.
At end of run, a large crater existed in top of base and large pipe hole was noted
just inside tube.

55g of fines passed No. 10 screen. Mechanical analysis on top 3.5 cm. of base
and bottom 8.2 em. of filter.





SAMPLE

Filter

Neight: 1097

Sp. Gravity: 2.7h

Length: 10.5
Void Ratio:

Compaction:

nif, Coef.:

Eff, Size:

Ee

or

mm,

Grain Sizes:
10%
Lr
1
5

., &gt;

Tm«
mm,

Mm.
mii,

Ratios of Grain Sizes:.
157 Filter: 15% Base =
157 Filter: 507% Base =

Base

g77°
 nD=e

» -
“a

C ~

7.

J 7

0 22 mm.

0,22 mm,
1.05 ym,
0.28 yy.
0.70 IM 6

Tl
28«

-t—

—

Yor

Date: August 6, 1940

Test Mo.:

Cylinder Area: 67.1

Cylinder Length: 8

Total Time: = hr. = min,

Sqe.Cm,

Avge. Temp.:

Head:

Gradient:

°n
1m,

Permeability:
Kg = = x 1074 cm, /sec,

Passing sfly Screen,
“Retained on 4% Screen,

Base

Filter

10 Screen

a

« Brass Plate; 1/4" holes,
COMMENTS «

Complete failure.

Filter. = Passing No. B screen, retained on No. C screen.

Packed dry and moistened to hold base in place when inverted.

Failure occurred while sample was being saturated. When apparent cohesion was
destroyed during saturation the base material fell into the filter voids. Base
material settled away from screen on top about one em. Mechanical analysis run
after test on top 3.7 cm. of base and bottom 8.7 cm. of filter.





SAMPLE

Filter Base

Weight:

Sp. Gravity:

Length:
Void Ratio:

Compaction:

Tmif, Coefe:

Eff, Size:

L722 &amp;.  my — or

oo-
&lt;  3 Am"

1

cc

é - CL.

0.5r&gt;

Ry c

1.!} z Ao

1l1.ly rm. 0.22 mm,

Grain Sizes;
10%
50%
15%
50%

they mm.
20.3% mm,
15.0 mm,
19.0 mm,

0.22 mm,
0.8} mm,
0.26 mm,
0.59 rm.

Ratios of Grain Sizes:
15% Filter: 15% Base = 57,7
15% Filter: 50% Base = 25,1; Yor

Date: August 6, 1940

Test No:
Cylinder Area: 67.1 SQecm,

Cylinder Length: 8 in,

Total Time: J); hr.30 min,

Avg. Temp.:

Head:

Gradient:

20.8 °C

150.1 cm.

21.0

Permeability:
kyg = 337 X 107k cm, /sec.

Passing :fl: Screen.
Retained on +6 Screen.

Base

Filter

20 Screen

Ea

\« Brass Plate; 1/L" holes.
COMMENTS

Complete failure.

Filter: Uniform materials; passing No. B screen, 50% retained on No. C screen.
100% reteined on No. D screen.

Base packed dry end then moistened to prevent failure when inverted.

Slight falling awey of base into filter during saturation. During run pipe
holes appeared in base. Entire base settled down from top ebout 0.3 cm. One
crater, 3 em in diemeter, 1 cm deep, and two craters sbout half that size occurred
on top surface of base. 10 cm of filter from the bottom, about l..5 cm of base from
the top were analysed after test.





SAMPLE

Filter Base

Neight: 125, 8. 772 e

Sp. Gravity: 2.7h

Length: 11.) cm.

Void Ratio:

é€,1 ocr

0.07 oc mm

Compaction: nT

Unif, Coef.: | .- oo.

Eff, Size: 12.0 MM. 0.25 mm,

Grain Sizes:
10%
50%
15%
5C%

l2.-n mm,
mm,

mm
mm.

0-2% mm,
mim«
mh.
MMe

-

~
1

Ratios of Grain Sizes:
15% Filter: 15% Base = |o)
15% Filter: 6507 Base = 19,2

Date: August 7, 1940
Test Noa:

Cylinder Area: 67.1 5q.cm.

nylinder Length: 8 im.

Total Time; 8 hr. 30 min.

Ave . Temp ° 21.3°C
Head:

Gradient:

130.1 cm.

2le3%

Permeability: lyx 10 cm. /sec.

de
Passing =i Screen.
Retained on +6 Screen,

Base

Filter

10 Screen

 reTana

« Brass Plate; 1/L" holes.
STOMMENTS

Complete failurse.

Filter: Passing No. B screen, 25% retained on No. C screen, 75% retained on
No. D screen, 100% retained on No. E screen.

Base packed dry and then moistened slightly to keep it in place when inverted.

No apparent failure during saturation. Signs of failure appeared during first
5 minutes of run, Failure kept increasing throughout first Li hours. Very large
amount of base settled into filter leaving several distinct piping holes, free from
Fines in base. Top of base settled away from screen over about two-thirds of the ares.

51 g of fines
3.5 ecm from top of

passed the No. 10 screen. About 6.5 cm from bottom of filter and
base were analysed after test.





SAMPLE

Neight 1256 g. Th2 2,

Sp. Gravity: 2.7L

Length: 10.9 cm.

Void Ratio:

6.1 cm.

0.602 0.509

Campaction: 887
Unif. Coef.: 1.F5 z2.7

ff, Size: 10.7 mm. 0.23 mm,

Grain Sizes;
10%
504,
150%
5C.4%

10.7
17 .
11.
16.0

mn,
mm,

mm,
mm.

0.23% mm,
0.85 mm,
0.28 mm.
0.61 rm,

Ratios of Grain Sizes:
157 Filter: 15% Base =
1572 Filter; 6507 Ease =

Le”
18-5

a

[

Date: August 7, 1940
Test No:

sylinder Area: 67.4 5Q4CM,

Cylinder Length: 8 in.

Total Time: L hr. 30 min.

Avg. Temp,: 2l.2

Head: 150.1
Gradient: 21.4

Permeability:
x 107% cm, /sec,

Passing zi Screen,
Retained on +6 Screen,

Base

Filter

20 Screen

. Brass Plate; 1/0," holes,
COMMENTS «

Stable.

Filter. =- Passing No. B screen, 33.3% retained on No. C, 66.7% retained on
No. D, 100% retained on No. E.

Pe.cked dry and molstened.

No failure when inverted. Very slight amount of base worked into filter during
test. Two very minute piping passages appeared on outside causing very smell craters
&gt;n surface. No craters or apparent piping in center part of base.

3g fines passed No. 20 screen. Mechanical analysis run on top Lj.2 cm. of base
and bottom 8.3 cm. of filter.





SAMPLE

Neight: 1279 g. T70 go

Sp. Gravity: 2.74 2.71

Length: 10.7 em. 6.3 em.

Void Ratio: 0.595 0.494

Compaction:

Unif, Coef,:

Eff, Size; 11.0

V/ 90

3.36
mm. 0 22 mm.

drain Sizes:
10% 11.0
5C 1,
|
SL

mn,
Mm.
TIM
nm.

0.22 mm,
0.7) mm,
04¢ mm.
0.5 rm.

Ratios of Grain Sizes:
157 Filter: 15% BRase =
157 Filter: 507 Base =

b3.C
2C 7

A

dear—

Date: August 9, 19.0

Test Vo,: 12-A

Cylinder Area: 67.1 sq.cm,

Cylinder Length: 8 in.

Total Time: 5 hr. 15 nin,

Avg, Temp.: 20.4

Head: 120.1

Gradient: 21.0

Permeability:
Kg = 286 x 1074 cm. /gec.

 passing fli Screen.
* Retained on +6 Screen.

Base

Filter

#20 Screen
Tn+oa
mip

\~ Brass Plate; 1/L" holes.
COMMENTS 3

complete failure.

Filter. - Passing No. B screen, 33% retained on No. C, 67% retained on No. D
and 100% retained on No. E.

Packed dry.

Considerable settlement at one point when tube was inverted, leaving space
at top of base about 1.5 cm. wide and 3 cm. deep. Settlement increased during
sg.turation.

Two distinct failure zones appeared during early part of run and resulted in
large piping holes of about 3 cm. in diameter extending about half the length of
the base. Upon removing, base material had a coarser grained appearance than when
packed. Material felt punky and honeycombed.

20g of fines passed the No. 20 screen. Bottom 8 em. of filter, and top L.5 cm.
&gt;f base were analysed after test.





SAMPLE

Filter Base

eight: 1220 g. 17

Spe. Gravity: 2.7L

Length: 10.7 cm.

Void Ratio:

Compaction:

nif, Coef,:

Eff, Size: 10.5 mm.

fod

o7

€. cn.

0.F1"

8l -

3.015

0.22 mm,

Date: August 8, 19.0
Test Mo,: 13

cylinder Area: 67.h

Cylinder Length: 8 in.

Total Time: 3% hr. 15 nin,

Avg. Temp.: 21.5

Head: 150.1

Gradient: 20.3

Permeability:
kyo = 172 x 1074 cm. /sec.

Grain Sizes:
n a

4
mm,
mm,

mn.
mm.ys

Ratios of Grain Sizes:
157 Filter: 15% Base =
15% Filter; 507 Base =

D.2°
3 -
J
0.7

79.7
18.0

mm.
mm,
mn,

J TT o

“SRescrneen men

pms

T—————
Passing zl Screen,

¥ Retained on +6 Screen.

Rase

Filter

10 Screen

~ Brass Plate; 1/4" holes.
COMMENTS¢
Complete failure.

Filter.- Passing No. C screen, 50% retained on No. D, 100% retained on No. E.

Packed dry.

No appreciable settlement of base into filter when inverted or during first
nour of test. Considerable subsidence from top noted after about 1-1/2 hours with
several small piping channels appearing on face of cylinder. Finally large crater
resulted on top with large pipe hole leading into filter.

T2g of fines
»f base and bottom

passed No. 10 screen. Mechanical analysis run on top 5.5 cm.
5.5 em. of filter.





SAMPLE

Base
Neight: 1232 g. T1713 ge

Sp. Gravity: 2.7L 2.71

Length: 10.9 cm.

Void Ratio:

Filter

6 i Chl,

0.509

Compaction: 85. =

3.41
=ff, Size: 12.3 mmm, 0.24 mm,

Grain Sizes:
107 12.3
50% 21.7
1572 1%.
507% 1S.e-

MM»
mm,

MM«
MM.

0.24
0.82
0.29
0.56

mm,
mm,
mm.
™M

Ratios of Grain Sizes:
157 Filter: 15% Base =
157 Filter: 507% Base =

hl,.8
22.4

——

——

Date: August 8, 1940
Test Vo,: pin

Cylinder Area: 67.1

Cylinder Length: 8

SQ. Ch,

in.

Total Time: 7 hr. O

Avg. Temp,: 21.5

Head: 130.1

Gradient: 20.3

mine.

%
OM«

Permeability:
x 107% cm, /sec,

rs

|
~ Passing :fl; Screen,
“ Retained on 4% Screen.

Base

Filter

20 Screen

=~

 _-—

\« Brass Plate; 1/L" holes.
COMMENTS &amp;

Failure.

Filter. - Passing 1-1/2 inch screen, 16.7% retained on No. B, 50% retained on
No. C, 83.3% retained on No. D, 100% retained on No. E.

Pe.cked dry.

Definite indication of failure during saturation of sample, top of base settled
away from screen on top about 2 mm. During progress of test large amounts of fines
appeared to collect in filter. No large definite piping holes appeared, but entire
bese seemed to be permeated with small piping channels. Final settlement of base
away from top sereen about 0.5 cm.

20g fines
se.se and bottom

passed No. 20 screen. Mechanical analysis run on top 2.5 cm. of
J.5 em. of filter,





SAMPLE
Filter

Weight: 12l) g. T71 ge

Sp. Gravity: 2.7L

Length: | 10.6 cm. 6.3 em

Void Ratio: 0.568 0.490

Compaction:

Unif, Coef.:

Eff. Size: 8.5

- 91 7

3.5L

mm. 0.22 MM.

Grain Sizes:
10%
z.
-

1
1

 Nn r~ Me
mm

0.22 mm,
0.77 mm,
Dec: mn.
ND.59 rm.yl]

mm,
TIT: a

Ratios of Grain Sizes:
157 Filter: 15% Base =
157 Filter: 507% Base =

32.0
1.9

-

Y

Ath

Date: August 9, 1940

Test Noe: 15

Cylinder Area:

Cylinder Length: 8

Total Time: 4 hr. 0

Avg. Temp.: 20; Cc

Head: 150.1 cm,

Gradient:

67 ol Sq. Cll ¢

min,

Permeability:
x 1074 cm, /sec.

Passing :tli Screen,
“Retained on +6 Screen.

Base

Filter

Screen

HR ———a
a

\- Brass Plate; 1/4" holes.
COMMENTS

Stable.

Filter. = Passing No. C screen, 25% retained on No. D, 75% retained on No. E,
100% retained. on No. 3

Packed dry .

Very slight readjustment of partieles in base during saturation. No evidence
of failure during first hour of test. Base had a coarser, slightly honeycombed ap=-
pearance next to the tube but examination upon removal showed no visible change
within the sample, 0.25 em. from tube. One very small crester was found on the sur-
face of the base, less than one cm. in diesmeter and about 0.5 cm. deep.

22g of fines passed the 1/44" holes in the brass plate. Bottom 6.5 cm. of filter
and top 5.2 em. of: base were analysed after test.





SAMPLE

Feight ; 1225 g. T8L ge

Sp. Gravity: 2.74

Length: 10.5 em.

Void Ratio: 0 581 0.517

8hcompaction:

Inif¢ Coef.: 1.10

Riff, Size:

3 Jil

8.6 mm, 0.2} mm,

Grain Sizes:
107 8,6
50% 12.0
15% 8eC
50% 1l.g

mim.
mn,
mm.
mm.

0.24 mm,
0.82 mn,
0.28 mm.
0.61 rm.

Ratios of Grain Sizes:
157 Filter: 15% Base =
15% Filter; 507% Base =

51.7
1.6

—

[I

Date: August 10, 1940

Test Mo,: 15=-A
Cylinder Area: 67 Ji

Cylinder Length: 8 in.

Total Time; 3% hr. 20 min,

SQ CM,

Avg * Temp *2

Head
Gradient:

29.0 °c
127.6 CMa

19.6

Permeability:
x 1074 cm, /Sec,

Passing =; Screen.
“Retained on “6 Screen.

Base

Filter

10 Screen

COMMENTS ¢

Stable.

\- Brass Plate; 1/4" holes.

Filter. = Passing No. C screen, 25% retained on No. D, 75% retained on No. E,
100% retained on No. 3.

Packed dry.
No evidence of failure noted when inverted and saturated. De~aired water

ased for first L5 minutes of test with no failure. Permeability dropped very
slightly during this time. Tap water used to complete test. Sample appeared
very stable during remainder of test. Upon removing, the sample appeared un-
changed, having a firm and solid feel. One gram of fines washed through the
Jo. 10 screen. The top 5.3 cm. of base and bottom 10.0 cm. of filter were
analysed after test.





SAMPLE

Weight: 1206 g. 182 g.

Sp. Gravity: 2.7L

Length: 10.8 ecm, 61 em.

Void Ratio: 0.673 0.497

Compaction: ih 89 7

3454nif, Coef,.: 1

cff, Size: 10.0 mm. 0.22 mm,

Grain Sizes:
10%
50%
16¢
5C.0

10-0
 .

1C
1?

mm,
mm,
mm.
ma.

0.22 mm.
0.74 ym,
0.27 mm,
0.59 MM

Ratios of Grain Sizes:
157 Filter: 15% Base =
1572 Filter: 507 Base =

57
17 4m

- Ae

—

Date: August 9, 190

Test Noe: 16

Cylinder Area: 67.L Sq CM.

cylinder Length: 8 in,

Total Time: 7 hr. 10 min,

Avg, Tempe: 20.6

Head: 150.1

Gradient: 203

Permeability:
kip = 181 x 1074 cm, /sec,

Passing sil; Screen.
* Retained on +6 Screen,

Base

Filter
i: 10 Screen

ttfmtens

~~ Brass Plate; 1/1" holes,
COMMENTSs
Very stable.

Filter. - Passing No. D screen, 100% retained on Noe. Ee

Packed drve.

No indication of failure whatsoever during or after test. No fines could be
seen in filter and no subsidence of base occurred. Base material had same appear=-
once at end of test as when packed. This test was one of the most stable to date.
Smell amount of fines in filter probably fell from extreme bottom of base when
sample was inverted.

3¢ of fines passed the No. 10 screen. Lower 6.6 ecm. of filter and top L.8 cm.
»f base were analysed after test.





SAMPLE

Filter Base

76  g.

2.71

Weight: 1205 2

Sp. Gravity:  2.7h

Length: 10.5 em.

Void Ratio: 0.77

6s Cie

0.507

compaction: 86 7

310nif. Coef.s: 1° |9)

Eff. Size: 10.0 mn. 025 mm,

Grain Sizes:
107 10."
50% 11
154 1
50% ii-

mm,
mm.

mm,
MM

0.25 mm,
0.85 MMe
0430 mm,
0.62 TMM o

Ratios of Grain Sizes:
157 Filter: 15% Base = 33.7
157 Filter; 507% Base = 16.7

Date: August 12, 1940

Test No,: 16-A

Cylinder Area: 67.4 SJ «CMa

cylinder Length: 8 in.

Total Time: 7 hr. LO min.

Avg, Temp.: 2045

Heads 150.1 cm.

Gradient: 20.3

Permeability:
kig = 222 x 107k cm. /sec.

 p——TY a

 naa Passing sb Screen,
*Retained on #6 Screen,

Base

Filter

20 Screen

“~ Brass Plate; 1/4" holes.
COMMENTS 3

Stable.

Filter. = Passing No. D sereen, retained on No. E.

Packed dry.
As the sample was turned over a few fines of the base trickled down into the

Pilter. At no point were they enough to cause settlement of the base. The base
appeared to be stable during saturation and throughout the test. Base material
wes found to be firm and unchanged when opened. Fine grains were packed tightly
around the walls with no evidence of piping.

6g of fines washed through the No. 20 screen. The top Li.0 cm. of base and
sottom 9.8 cm. of filter were analysed after test.





SAMPLE
Filter Base

Weight: 1271 g. TP"

Sp. Gravity: 2.7h

Length: 10.7
Void Ratio: 0.5”

Compaction:

Unif, Coef,:

Eff, Size:

ge

~

&amp;r Brg

0b"

8ly

210

9.0 mm. 0.25 mm,

Grain Sizes:
1072 9.0
50% 15-.C
15% 9.
50% 7

Mm
Imm

Mm»
NM»

0.75
0.7
GC.

min,

Mm«
mn.
NMo

Ratios of Grain Sizes:
157 Filter: 15% Base = 32.0
154 Filter: 607 Base = 15.0

Date: August 10, 1940

Test No.: 17

Cylinder Area: 67.1 sg.cm,

Cylinder Length: 8 in.

Total Time: L hr. 30 min,

Avg, Temp,: 20.7 °c

130.1 CM.Head:

Gradient: 20.7

Permeabllity:kKig = 16h x 107% em, /sec,

TASS. —

© —

S—" ~~ Passing :fLy Screen,
Retained on +6 Screen,
Base

Filter

20 Screen

~ Brass Plate; 1/4" holes,
COMMENTS«
Very stable.

Filter. - Passing No. B screen, 16.7% retained on No. C, 50% retained on No. D,
3%,3% retained on No. E, 100% retained on No. 3 sieve.

Packed dry.

Very few fines fell into filter upon inverting or during saturation. No signs
of failure at any time during test. Upon removal the materials had the same appear-
ance as when packed. The base material was inspected from the top and a firm, solid.
well=filled out appearance was noted.

One gram of fines washed through the No. 20 screen. The top 3.1 cm. of base
and bottom 9.5 em. of filter were analysed after the test.





SAMPLE

Neight: 1263 g. 117 g-

Sp. Gravity: 2.7L

Length: 10.7 cm, 6.5 er

Void Ratio: 0.557 0.524

ZJomnaction: 80 «

2 e353Unif. Coef,: 1

Eff. Size: 9.0 mm. 0.2 Me

Grain Sizes:
107 9.0
50% 1h.9
15% 9.
50% 13 Jy

mi,
mm,

mm,
mma.

0.2 mm,
0.8" mm,
Oc mnie.
0.0 TN o

Ratios of Grain Sizes:
157 Filter: 15% Base = 32.4
157 Filter: 6507 Base = 15.4 Knsinmmimmimsanss

Date: August 12, 1940

Test No,: 17=A

Cylinder Area: 67.1 Sq «Ch,

Cylinder Length: 8 in,

Total Time: 9 hr. 15 min.

Avg. Tempe: 20.6 °c

Head:

Gradient: 20.0

Permeability:
Ki = 203 x 10H em. /sec,

1

Passing :ly Screen.
Retained on +6 Screen.

Base

Filter

10 Screen

\. Brass Plate: 1/L" holes.
COMMENTS

Stable.

Filter. - Passing No. B screen, 16.7% retained on No. C, 50% retained on No. D,
33 ,3% retained on No. E, 100% retained on No. 3.

Packed dry.
When inverted dry fines from base settled slightly into filter in two places.

3light additional trickles of base into filter occurred during saturation. No
svidence of failure during test. One very small crater was noted at the surface
&gt;f base at end of test, due no doubt to the settlement during saturation. This
was not considered an indication of failure as no alteration whatsoever could be
noted during the test. Bottom 10 cm. of filter and top L. cm. of base were
analysed after test.





SAMPLE

Filter Base

Weight 9693 g. 1890 ge.

Sp. Gravity: 2.7h

Length: 3h.2 cm

Void Ratio:

6.7 cr

0.532

18 %

3,00

Comnaction:

Unif. Coef.: -

ff, Sizes 5 «2 mM. 0.26 MMe

Grain Sizes:
107%
50%
157% ‘
509, OC

£3
Tr MM

mn.
Im
nM

0426 mm,
0.78 ym,
0.51 ym,
0.61 MMe

Ratios of Grain Sizes:
157 Filter: 15% Base = 20.0
15% Filter: 507% Base = 10.2 a——

Date: August 13, 1940

Test No.: 13
cylinder Area: 159.3

Cylinder Length: 16 in.

Total Time: 6 hr. 30 min.

SQ. CMM,

Avge. Temp,:

Head: 150.1

Gradient:

2045 a
Cn.

Permeability:
x 1074 em. /sec.

Passing :fly Screen.
“ Retained on +6 Screen.No. i Screen

Base

Filter

1 Screen

AR

« Brass Plate; 1/4" holes.
COMMENTS ¢

Steble.

Filter. = Washed, screened. selected, gravel from Borrow Pit "F", Surry
Viountain.

Packed dry.

Base material did not fail at any time during test except for slight trickling
when sample was overturned. No evidence of piping or craters noticed upon removal.
This combination is stable but care must be taken to obtain proper distribution of
large amount "B" size material in tube.

1llg of fines washed through the No. ll screen. Top L.6 cm. of base and 5 cm.
&gt;f filter between 5 and 10 cm. below base analysed after test.





SAMPLE
Filter

Weight:

Sp. Gravity:

Length:

nn"
od 2

ay amar ®

1C- CI:

Void Ratio: va

-

Compaction:

Unif. Coef,:

Eff, Size: = mme.

Grain Sizes:
10%
507
15
50%

- mm,
mm,

JM,
MMo

Ratios of Grain Sizes:
157 Filter: 15% Base =
157 Filter: 507% Base =

Base

7’ £-

~~

7,

cm.

c'™
 Zz

r-~ -

0.24 me.

0.24
1.27
0cf»
0.7¢

mm.
mm.
mm.
TIMo

gr.
C
&amp;

Date: August 13, 1940
Test No.: 19

Cylinder Area: 67.1 sqecm,

Cylinder Length: 8 in.

Total Time: 3 hr. 0 min,

Avg. Temp,: 20.5 °c

Head: 117.k 130.1 em.

Gradient: 19.0 20.0

Permeability:
x 107k cm, /sec.

Passing fl, Screen.
* Retained on +6 Screen.

Base

Filter

10 Screen

\- Brass Plate; 1/4" holes.
COMMENTS
Stable

Filter. = Selected, washed and screened from Borrow "F", Surry Mountain Dam.

Packed dry. Filter found to be very dusty and dirty.

De-aired water used for first LO minutes of test with head of 117. cm. Test
continued with tap water under head of 130.1 em. Very slight settlement noted
uring saturation and handling. One small crater, 1 cm. in diemeter and 0.75 cm.
jeep about 1 cme. from edge of tube was found on top of base at end of test.

llg of fines washed through No. 10 screen. Bottom 7.6 cm. of filter and top
5.2 cme of base were analysed after test.




