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February 1953

CONTROLLING THE CLAY CONTENT IN HIGHWAY MATERIALS

. F. N. Hveem
Materials and Research Engineer
California Division of Highways
Sacramento, California

A general discussion of the factors which influence the per—.
formanﬁe and quality of highway surfaces and airfield pavements
must necessarily touch upon a great many.different phases--the
location, design features, climatic conditions, type of traffic
to be carried, type of construction, quality of workmahship,
funds available, et cetera. All these factors may have a bearing
uponffhe performance but one conéideration will usually outweilgh
211 others. If the materials used are entirely satisfactory and
are properly combined, most_bf the other factors will have little
or no effect upon the performance.

There are few activities of the civil engineer that do not
require a consideration of the soil and the materials of the
.earthJs.sufface. These materials have been used by builders
and engineers since the dawn of civilization and the use of clays
for pottery is even more anclent. Studies of the seil or of the

earth!s surface have been divided intoc different specialties; for
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examplé, geologists and the students of soils for agricultural
purposes, Civil engineers make a great deal of use of geological

information and have adobted many of the mineralogical classifi~

- cations, They have also drawn heavily upon the efforts of the

soils scientists working‘in the agricultural field, It is
necessary to recognize, however, that while much of value can

be secured from workers in other fields; nevertheless, the
classifications}developed by geologists are not always in accord
with the engineering properties of materials, and the interests

of the egriculs sural expert and his methods of soil classiflcatlon
are also different from those cof the engineer, As a result, civil
engineers and especlally highway engineera must develoﬁ their

own methods to determine the behavior of soils for engineering
purposes,

CWhile man?ftext-books have been written in the general
field of soil'meehanics,'many such treatises rely heavily'upon
the mathematical approach which necessarily assumes that soil
masses are hlghly uniform and therefore represent an 1sotroplc
mass, Most practlcal engineers who build highways are very much
aware however tﬁat the ideal so0il of the mathematician is rarely
encountered in actual highway roadbeds and whether he likes it
or not he must eonstruct the pavement over the soils that exlst
and with the granular materials that are economically availabls,
It appears that the meterials of the earth were created to serve
a variety of purposes and all types are not suitable for the

specinlized needs of the highway engineer,

-
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In laying the groupd work for such a construction, 1t is
obvious that if the engineer or anyone else 1s to plan a
structure with assurance that it will carry the loads and perform
as was intended, he must know a great deal about the qualitles of
the materials and how they will act or perform during the years
in which the structure is expected to last.

For the purposes of thls discussion, a highway or airfield
pavement and its supporting base are considered to be a structure,

and the upper surface of any pavement iz subjected to a variety of

destructive influences. Among these are the thrusts dus to the

tractive effort of vehicles either in accelerating or decelerating
which may be described as a combinatlion of abrasive.action and
rolling friction. The surface of the pavement must also withstand
the effects of wind, variation in tempersture and moisture, in
addition to supporting the weight of the vehicle., The material
beneath the pavement is also subjected to several influences among
which are the effects of pressures resulting from vertical loading
and the effects of moisture. It may be argued that low tempera-
tures are also damaging to subgrades but the effect is an indirect
one as there is no reason to think that any damage would result
from freezing or thawing in the absence of water. Of all the
factors or influences which affect the supporting power and load
carrying capacity of solls, moisture is by far the most important
variable., In the absence of water, virtually all soil materials
whether crushed stone, sand, loam or adobe will support any
vehicle load that can be carried on pneumatic tires and if the
soils beneath highway pavements could be prevented from becoming

wet, soll mechanics would have little meaning and would not be
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of much coﬁcern't;‘thebhighway engineer. Therefore, so far as
practical applica%ions are concerned, the very title "soil
Mechanics™ 1s misleading as the term makes no reference to the
most important and influential element; namely, water. When
engineers mix as iittle as 5 per cent of liguid asphalt with
mineral aggregate, the resulting combination ;s called an
asphaltic mixture; If 15 per cent of Portlend cement and water
is combined with gand and gravel, the combination is called
Portland cement concrete bué when -faced with the necessity of
predicting the behavior and supporting péwef of soill which may
contain ss much aé‘ES per'éent of water, the -engineer still
fends to delude himself bylthinking that he 1s concerned only
with "soil" mechanics,

As stated beioré, it was not many years ago when engineers
gensrally paid ve}y 1ittle attention to differences in soll
tyﬁes. Most railroad and highway engineers learned long ago
that classified excavation is usually a source of trouble and
controversy betweén the contractor and the engineer and many
states including %he California Division of Highways do not
classify excavation materials. In other words, the contractor
is paid on the bgéis of his bid price whether he is moving
loose soil or solid roek. In spite of these simplifications,
engineers began to reallize some 25 years ago that meterials
encountered alongfthe hi ghway routes were not always giving
equally satisfacééry performance and one of the first factors
to receive consi@ération wag compaction. The California
Division of Highwéys were ﬁioneers in setting up requirements

to control the compaction of solls during construction.

-
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It did not take long to discover that in order to secure
the mazimum efficiency wlth fleld compaction egquipment, careful
control of the moistﬁre content was necessary. However, wlth
the passage of time and increasing study of the problém, it was
avident that thorough compaction alone was net enough to
guarantee satisfaetory support in all types of seils &nd it
became.apparent that there was need for some laboratery test
procedure that would evaluate the capacity of the soll to sus-
tain loads when 1n its most vulnerable condition of denslty and
moisture content. Dating from Goulomb’é time, (1736-1806) most
theofefibal discussions on soil mechanies fecognize that the
entire structural strength of solls rests upon two dlstinct
properties; namely, internal friction and cohesioan. Thse
stebility of slopes @and embankments, the pressures against
retaining walls, and the ability to sustain veft;eal loads, all
depend upon a combination of thése properties; namely, frict%on
between the rook or soil particles and any cohesive ferces |
which may exlst. The laws governing ths frictign&l.;qsiétgpce

between solld particles are probably very complex and it is to

be doubted whether the nature of this phenomenon is clearly

understood, even today, but for practical purposes variations
in frictional resistance may be well enough defined in thé
terms used by Amontons who was one of the first to ;pvestigate
frictlonal phenomena. :Amcntqns! law states that the resigpanqe
to sliding between adjacent particles in contact Varias wiﬁh
the nature of the surfaces, airectly with the preésuré whieh

holds the surfiaces together and is independent of the speed and

~5-
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the apbéreﬁﬁ'érea in contack. The common definition of cohesion
as nsed in soil mechanics texts does not correspond to the
dictionary definition and it is generally stated that the

cohesive resistance in soils is that part of the resistance

which does not vary with the pressure. This is a rather nega-
tive definition but agréés_with the observed behavior of viscous
liquids as the internal friction of liquids is virtually inde-
pendent of the préssufé and‘the resistance developed by a film
of viscous materigl betweeﬁ two so0lid bodies varies directly
with the area andfwith the speed of action but is largely inde-
pendent of the pré_ésure° |

While the ci;il engineer considers that the term "soil®
includes all méterials of the earth's mantle including gravel
and sands, as wel; as the silts and loams, it i1s true that
virtually all such materials contain a greater or less percent-
age of extremely'fine’particles having the special properties
of plasticity and mobility that are characteristic of the clay
minérals. If there 1is é cémplete absence of the clay fraction,
the material finer than a No. | sieve is o all intent and
purpoéaé a sand even though some of the particles are very
small and of coﬁ;;e most ciays possess properties that are not
solely‘atfributable to.small particle size alone. It 1s not
"the purpose of thlS paper to attempt any discussion on the

1nt1mate shape and composition of the clay particles. From

ClihPD www.fastio.com
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the standpoint of the highway engineer who is attemptihg to
evaluate the behavior of soils as an engineering material, it 1is
sufficient to recognize that when combined with sufficient water
most clays are very effective lubricants and when a sufficient
guantity of clay is intermixed with the coarser granular portion
of a soil, lubrication will develop whenever enough water 1s
added., As the ability of soils to resist deformation depends
very largely on the internal friction, wet clay has the effect
of reducing or caenceling out the frictional resistance. If{ may
also be pointed out that the so-called cohesive resistance is
almost entirely due to the clay fractions and therefore clean

sands are non-cohesive. Again we must note the important part

_ played by water as finely ground dry clay particles exhibit no

cohesive properties. If water is added to a dry soil, the
cohesive resistance will normally increase with the addition
of moisture and in most cases the frictional resistance will
not be greatly impaired until a certaln amount of moisture is
added, Beyon& this point, the friction will diminish but the
cohesive registance may continue to increase up to some point
of higher moisture content, after which both values will
diminish as the scll approaches a completely fluid stats.

As the wet c¢lay fraction reduces the internal resistance
by lubrication but may increase the resistance by improving the
cohegion, it is necessary to determine something of the rela-

tive importance of these two properties. As this paper is
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theoreticai dis u:; on oub 91mpl" polint out that both field ard
laboratory s . rie nce demonstrates that of the two basic prop-
srties resistance due to frictlion is of the greatest magnitude
and therefo“e the ﬁbst important when dealing with typical
sbils or granular materlalsn Beds of clean sand even when wet
have long bssn known to furnish excellent foundation support
provided a reasonable thlckness of surfecing material is placed
aboveo Crushed stone or gravels with no measurable cohesion
sre excellent for‘base coufée‘construction and are able %o
withstand Vlrtaally any vehlcle load if covered with relatively
thin surfaces hav1ng the requlslte tensile strength, On the
other hand, plast%b soils or asphaltic mixtures having high
cohealive valiues bﬁt little internal friction are rarely ade-
guate to sustain ééhicle loads. It is realized, of course,
that if ths cohes;ve or tensile strength could be made suffi-

.

gh, internal frictlion would not be necessary,

tels are typleal substances having little or no internal

fently hi

o

3
e

riction and where the resisbancs values are almost entirely

-

‘due to ths cohesive or tensile strengti:, However, navural

soils conta*Jng apprecldee emcomhs 0o wauer are nobt ecarshle

of Gsveloping such high conezive wvelu=s aad therelfore the

1nternal fricuion is the rost imcorbtant rroceriy. This con-
ciusion is in acc;rd wian btne oba=wren’oon that.an exceasive

amount of clay iﬂ;dEtfiﬂEﬁsz LT -q4ls ~p  wo3] contaiaing
hign percenuagas et clﬁy fuseeioni, weeo e onsoeole and lack

supporting power wheﬂ wet,
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Having recognized the generally adverse influence of clays
it is pertinent to ingquire whether there are differences in per-
formance due to the tyve of clay as it iz well-known that there
are numerous types and classes among the clay minerals, While
specialists and experts in clay technology must perforce recog-
nize many of the variants and peculiarities of clays, the high-
way engineer has gone a long way if he recognizes three main
groups; namely, kaolinite, illite and montmorillonite, Again
he is only concerned with their physical properties and it is
well-known that most clays of the montmorillonite class possess
a very high affinity for water typically showing éonsiderable
expanglion or swelling and when wet are very effect;ve'lubri-

cants, Kaolinite is at the other end of the scale having in

~general a much lower capacity for water and retains a greater

internal resgistance due to friction than is the case with
bentonite, for exsmwlie, Illite clays appear to be somewhat
intermediate, In addition to the particle shape or structural

differences that are cheracteristic of each of these types of

clays, it is also evident that the physical properties may be

markedly affected by small additions of water soluble salts or
other organic or inofganié compounds, A knowledge of these
behavicr patterns and the effects of such elements on the
fluidity aﬁd plasticity of clays is, of course, one of the
essential branches of clay technology and requires speclalized
knowledge which the average highwéy engineer or even a well
equipped highway materials department can hardly hope to

command,

\
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| Thé énéiﬁééf‘s iﬁtefgét, however, is primarily involved in
the question of'the over-all effect of the particular clay when
the soil becomes wet and the primery question is the effect on
the structural stability which, as stated above, really involves
- the possible reduction in internal friction, Fig. 1.

In order to ﬁpasure the arility of solls and granular
materigls to suéta&n 10ads, many tests have been devised, one of
which is used in the laboratory of the California Division of
Highways; This?testing procedure makes 1t possible to prepare
'soil specimens bj first introducing sufficient water to fill
the void space, compachting to a state of density compsrable to
‘that developed in most highway bases.and basement soil layers,
and then to measure the resistance to deformation., The ﬁnstru—

" Basically, it

ment hasg been given the name of Tatabilometer ™
is a form of pléstometer‘and the test reflects primarily the
internal‘friction or degr?e of lubrication with cohesive
resistance playiné a minor part, Whsn being tested in this
instrument, a'bémpacted sample is subjected to a vertical load
which may be vafﬁed at will but for highway purposes ig
typically 160 péﬁ. The instrument makes 1t possible Lo measure
the latersl pressure trensmitted by the specimen, Fig. 3.
Figure 2 is = cHart showing characteristic curves illustrating
loss in stabilify or internal resistance of a crushed sandy
gravel due to the addition of increments of plastic ciay, This
testfié nged ag a basis for cglculating the supporting value of
the soil and by use of suitable formulas it ls possible to com~

pute the thickness of cover courses of bases and pavement which

~

~10-
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will be hecessary to support vehicle loads of a given magn}tu&e
and number of repetitions, These test procedures-have been
reported in considerablé deteil elsewhere and wili not be
disc¢ussed further here. The stabilometer test and the elabo=

- pate compaction equipment required to produce spaoimens that
are characterisfic of solls in plaee in the roadbed mean thétm
this tést procsdure is virtually restrlcted to a fairly 1arge
well equipped laboratory.

' It is essential however, that the engineers in charge of
coﬁstruéfion should have some ready and convenieﬁf means for
‘detacting the presence of excessive amounts of adverse clay or

. fiﬁé materials. In view of the fact that the lubricating '
effadt;of claey or of any other mgtariai is dependent upon thée
volums of or the thickness of film betwean the partiecles, the
most fundamantal relationship depands upon the effective volume
of clay that exists in aach soil, In order to speed up the
tssting operation by avoiding the need for waighing tha sample -
and drying out in an oven; a test has been developed ualled the

Msand Equivalent Deétermination.®™ The test is applled to &
sample of granular base material'passing a No. i sieve and the
;relatipnship_between the quantity of eclay present_aﬁd_the gmount

- of coarser sand pa?ficles-in the éoil 1s deﬁsiopéa on & vblume
basis and the tast résults indloate whether the volume of Msend?

is either high or low - hence, the name "Sand Equivalent.™

ClihPDF - www .fastio.com
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"Essentiaily; ;he test is performed by shaking a sample of the
fine aggregate vigorously in a transparent cylinder containing a
special solution (Fig. 5) and noting the relative volumes of sand
and of the partially sedimented clay after standing for 20 minutes.
The entire oﬁeration can be.carried through in less than Lo min-
.ﬁtes. In corder toqspeed up the sedimentation of the fine clays or
f1001101dal partlcles, a flocculatlng agent was requlred and a solu-
tlon of calcium chloride was selected on accaint of its relatlvely
low cost, stability and non-lrrltatlng—propertles. As illustrated
in ng. i, 2 small amount of bentopite is in lubricating effect

equal to a much greater weight of xaolinite and the strength of the

GaG12 solution wasfadjusted to the point where 5 percent of bentonite

would give gg_soEo‘reading approximatelj equal to that produced by

21 percent of kaolinite after a sedimentation period of 20 minutes.

‘This relationshipleppeared to be best established by using a
.025N CaCl, solution. However, the strength of the solution is not
-crifical'for mostﬁnatural soils therefore, a working solution of
.05F has been adopted and will be used until accumulated experience
may warrant a change. After some experience with the calcium chlo-
ride solutlon, it was found that the addition of a small amount of
glycerin produced'a stabilizing effect and test results were more
readily reproducible when made on carefully quartered samples. .
Finally, it was noted that the caleium-chloride-glycerin solution
was not sterlle and certain moulds tended to grow. In order to
sterilize the solution, formaldehyde was added.

(For a complete description of test procedure and the method

of caleulating the sand equivalent value, ses Appendixil.)

-12-
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When the Sand Equivalent Test was first developed, it was

hoped that 1t would furnish a good indication of the sver-all

resistance value of the soil.

A correlation does exist but it

is not sharply defined throughout the scale, The reasdns there-~

fore are not difficult to understand if it is recognized that

the ability of a mass of s0ll or granular material passing a

No, L sieve to resist deformation will depend upon the following

factors:

Svmmary Qg-Factors Affecting Resistance Value of Scoil

1,

5.

The amount of

lubricant mixed with

the sand fraction; i.,e,, asphalt,
claytwster, etc,

The effectiveness or efficiency.of
the lubricating fraction, (Wet
bentonite is a better lubricant
than kaolinite, for example,)

The degree of
larity of the
particles,

Tiie amount of
sand fracticn

The amount of
rock retained

roughness or irregu-

.sand greing or rock

void space in the
of the scil,

intermingled coarse
on a No, L sieve,

We readlly perceive that of these five variables the Sand

BEquivalent Determination is primarily an indication of No, 1.

It attempts to compensate for No, 2 by means of the tjpe of

solution used,

It cannot indicate the variation caused by

Item 3, and as presently performed does not make allowance for

No, li aithough it seems possibie that means for msking this

correction may be worked out,

Allowance for the effects of

No., 5 need to be made if the coarse aggregate exceeds 25 or

www . fastio.com
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’ 36 percent bfféhévﬁotal: Therefore, in order to evaluate the
combined effect of all factors, some test such as the stabilo-
méter is necessary; However, experience has shown that one of
the principal variables is the amount of clay present and it may
readily be determined that when the Sand Eguivalent value is
greater than 30 thg clay fraction is not sufficiently large to

" have much influence on the resistance value of an untreated soil.

Applicafion and Tentative Sand Equivalent Limits

Verj small amounts or clay may be detrimental to the per-
formance of bitumiﬁous mixtﬁres, especially when the clay exists
ag a coating on thg surfaces of the sand grains. As the Sand
Bquivalent Détermination fﬁrnishes a ready means for detecting
the presence of sﬁéh fine materials, a tentative scale of values
has béen set up to'permit répid testing and qﬁick determination
in the field. At}fhe preseﬁt time, SE values are being included
in the speéificatibns of tﬁe Californla ﬁivision of Highways.
The following limiﬁs are proposed for each of the classes of
aggregates 1istedf}

Sand Equivalent

Minimum

GCrusher ruh or gravel base materials 30
Aggregates and selected materials

for road mix bituminous treatment 35
Aggregates for plant mix

bituminous surface Lg
_Aggregategffor asphaltic concrete

or Class A plant mix 55

Concrete éand 80

-1~
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By comparing SE test values to other test results, 1t
was found that the majority of soils showing high expansion
under soaking may also be identified by means of the sand-
equivalent. It has been the general practice in California
in the past to consider that any soils showing an expansion
greater than 5 percent on specimens prepared for the CGBR will
56 unsuitable for placing in the upper levels of the roadbed.
It appears_that the same class of soils'coﬁld be identified.
and segregated by stipulating that any soils having a SE less
than 10 should not be placed in the upper layers of the road-
bed as they are alsc likely to develop exceésive expansion
and certainly will have little supporting power when saturated.

8and equivalent values are definitely influenced by the
amount of fine dust in the sample and a plot of 3E values
versus either percentage of "sand" or percentage of dust will
usually result in a smooth curve for each material. However,
there is a marked difference in the relationship depending
upon the type of dust or fine material present.

Figure 6 is a plot showing the relationship between SE
values and the total percentage of dust added to a sa?ple
of standard Ottawa sand. It will be noted that only about
6 percent of cléy is required to produce a SE value of 30
whereas it will require 33 percent of fine guartz dust and

iy percent of limestone or rock dust.

~15-
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Fié&feﬂf ig%én‘iiiﬁsfraﬁion 6f the values developed
from a variety of meterials which have been tested in the
sfabilometar and the SE vélues'determined° There is evi-
déhce that ﬁixtures of sand, silt and clay develop optimum
resistance values when sand equivalents fall in the rangse
of 30 to 70 whiie clean sands without dust tend to drop off
somewhat in'R-value.r While certain materials do show an
adequate resistance value with a SE as low as 26, many
others fall off very markedly md it is believed that any
material having & SE less than 30 under the methods of test
.déscribed hereiﬁ;will be too critical and offers too smalll
a margiﬁ of saféty to be used in important layers of base or
subbase intended %o éupport a costly highway surface course.
The symbols on dhart,‘Fig. 7, are intended to illustrate the
approximate classification of the materials. /It will be
noted that clean cohesionless sands show very high SE values.
Sands mixed with ailt and some clay fall at intermediate
points'while thé clays éﬁd'silty clay mixtures are in general
very low. |

From the féregoing, it will be apparent that the SE is
useful in detedting the ﬁresence of adverse amounts of clay
in granuiar basé materials. It may also be used to limit the
amount of fineiaust‘or clay that may exist as a coating on
particles of mineral aggregate intended for bituminous mix-
tures. It may be used as & gquick field test to control the

amount of adverse clays in concrete sands. The junior engineer

-16-
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or inspector who performs the test should in time becoms
very mach aware of the effects of the clay fraction in
pavement and base materials.

In conclusion, it may be stated thatthe suitability of
solls for engineering purposes depends largely upon their
ability to remain in place and to support whatever loads
may be placed upon them either by a permanent enginsering
structure or by transient vehicle loads. A study of the
properties which distinguish the more satisfactory from the
less satisfactory goils indicates that in the majority of
cases clays are detrimental to stébility and it is apparent
that wet clay has the effect of a lubricant in diminishing
the natural resistance due to friction that would otherwise
exist. It is necessary that the civil engineer responsible
for construction of any form of earth work should be informed
not only concerning the quantity of clay minerals that are
present but also should know something of their nature and
their potential influence on the engineering properties of

the soil.

-17-
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EFFECT OF VARIOUS FINE MATERIALS

ON THE SAND EQUIVALENT
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SAND EOQUIVALENT VS RESISTANCE VALUE
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CONTROLLING THE CLAY CONTENT IN HIGHWAY MATERIALS

APPENDIX I

TEST PROCEDURE

Prepared for Presentation at the
1953 Northwest Conference on Road Building
Oregon State College '
Corvallis, Oregon
February 26 - 27, 1953
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Test Method 9-52
SAND EQUIVALENT TEST

Scope

1. This test is intended to serve a8 a rapld field test to show the
relative amounts of plastic fines in graded aggregates and solls.

Apparatus

- 2.{(a) A transparent graduated
measuring cylinder having an intermal

. diameter of 1-J4 inches, a height of
about 17 inches, and graduations up
to 15 inches by tenths, beginning at
the boitom.

(b) An irrigator tube made of 1/4
inch outside diameter brass or copper
tubing. One end is closed to form a
wedge shaped point. Two holes (drill
size 60) are drilled laterally through
the flat side of the wedge near the
point.

(¢) A one-gallon bottle with siphon
assembly consisting of a two-hole
stopper and a bent copper tube., The
bottle is placed three feet above the
working table.

(@) A length of 3/16 inch rubber
tubing with a pinch clamp for shutting
off the flow. This tubing is used to
connect the irrigator tube to the
siphon assembly.

(e) A weighted foot consisting of

a metal rod 18 inches long having at
the lower end a one inch diameter coni-
cal foot. The foot has three small
centering screws to center it loosely

: in the cylinder. A cap to fit the top
of the cylinder fits loosely around the
rod and serves to center the top of the
rod in the cylinder. A welght 1s
attached to the top end of the rod to
give an assembly weight of one kilogram.

(f) A 3-ounce size measuring can (88 ml capacity).
(g) A wide-mouth funnel for transferring soil into the cylinder.
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Test Method No. 9-52
Page 2

(h) Stock solution

ysk grams (1 1lb.) tech. anhydrous calcium chloride
2050 grams (1640 ml) U.8.P. glycerine
47 grams (45 ml) formaldehyde (40 volume solution)

Dissolve the calcium chloride in 1/2 gallon of water. Cool
and filter through Whatman No. 12 or equal filter paper. Add the
glycerine and formaldehyde to the filtered solution, mix well, and
dilute to one gallon. The water may be distilled or good guality
tap water.

(1) Working Solution.

Dilute 88 ml of the stock solution to ome gallon with tap
water. The graduated cylinder filled to 4.4 inches contains the
required 88 ml. Questionable water may be tested by comparing
results of sand equivalent tests on identical samples using
solutions made with the gquestionable water and with distilled water.

Procedure
3.(a) Preparation of Sample.

The material used in the test is the
portion of the sample passing the #4
sieve. Therefore, if the sample contains
coarse rock it must be screened on a #4
sieve and the lumps of finer material
must be broken down. If the original
sample 1s not damp it should be dampened
with water before screening. If the
coarse aggregate carries a coating that
is not removed by the screening operation,
dry the coarse aggregate and rub it .
between the hands, adding the resulting
dust to the fines,

(b) Start the siphon by blowing into
the top of the solution bottle through
a short plece of tubing while the pinch
clamp is open. The apparatus 1s now
ready for use.

(c) Siphon the working solution into
the cylinder to a depth of four inches.

(d) Pour one measuring can full of the
prepared soil sample into the cylinder.
One can full amounts %o about 110 grams
of average loose material. Tap the bottom of the cylinder firmly
on the heel of the hand several times to dislodge any air bubbles
and to aid in wetting the sample. Allow to stand for 10 minutes.
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(e} At the end of the 10-minute
period stopper the cylinder and
shake vigorously from side to side,
holding in & horizontal posltion as
illustrated. Make GO cycles in
about 30 seconds, using a "throw"
of about 8 inches. A cycle con-
sists of a complete back and forth
motion. To successfully shake the
sample at this speed, it will be
necessary for the operator to shake
with the forearms only, relaxing
the body and shoulders.

(f) Remove the stopper and
insert the irrigator tube. Rinse
down the sides, then insert the
tube to the bottom of the cylinder.
Wash the clayey material upward
out of the sand by applying a
gentle stabbing action with the
tube whlle revolving the cylinder
slowly. When the liquid level
rises to 15 inches ralse the lrri-
gator tube slowly without shutting
off the flow so that the liquid
level is maintained at about 15
inches while the tube is being
withdrawn. Regulate the flow just
before the tube is entirely with-
drawn and adjust the final level to
15 inches. Allow to stand undis-
turbed for exactly 20 minutes. Any
vibration or movement of the

" cylinder during this time will

interfere with the normal settling
rate of the suspended clay and will
cause an erronecus result.

(g) At the end of the 20-minute
period record the level of the top
of the clay suspension. Read to
the nearest 0.1 inch.

Test Method No. 9-52 "
Page 3 :
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(h) Gently lower the weighted
foot into the cylinder until 1t
comes to rest on the sand., Twist
the rod slightly without pushing
down until one of the centering
screws canh be seen. Record the
level at the center of the screw.

(1) Calculate the sand equivalent
by using the following formula:

" = Reading at top of sand % 100
Reading at top of clay

If the sand equlivalent value is
less than the specified value,
perform two additional tests on
the same material and take the
average of the three as the
sand equivalent.

(j) To empty the cylinder,
stopper and shake up and down in
an inverted position until the
sand plug i1s disintegrated, then
empty immediately. Rinse twice

Test Method No. 9-52
Page 4 :

with water. Do not expose plastic'cylinders to direct sunlight any

more than is necessary.
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