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Sand-Equivalent Test for Control of Materials 
During Construction 
F . N . HvEEM, Materials and Research Engineer 
California Division of Highways 

T H E sand-equivalent test to control the quality of aggregates for bituminous mix and 
untreated bases is being proposed for inclusion in the revised Standard Specifications 
of the California Division of Highways and is currently appearing in the special pro­
visions for many contracts. 

The speed of construction work has been steadily increasing for many years. The 
size of contractors units and the amount of hauling equipment on the average job 
means that materials for bases, subbases, and bituminous surfaces are being produced 
and transported at a tremendous rate compared to earlier years. Most gravel pits or 
quarry sites contain varying amounts of fine materials which may also vary in type 
from fine sand to clay, and often these fractions are not uniformly distributed. An ex­
cess of clay is usually detrimental to the performance of any aggregate whether for gravel 
base, bituminous mixture, or portland-cement concrete. I t is important that the field 
engineer be in a position to quickly detect the presence of undesirable quantities of 
adverse clay-like materials. 

The term "sand equivalent" expresses the thought that most soils, gravel bases, 
etc., are mi.xtures of desirable coarse particles, sand, and generally undesirable fine 
particles, or clay. The sand-equivalent test provides a quick means for separating 
the finer clay-like particles f rom the coarser grains or sand sizes and the relative 
proportions are compared on an arbitrary volume basis by a simple procedure which 
tends to magnify or expand the volume of clay somewhat in proportion to its deteri-
mental or objectionable effects. The test is applied to a fraction of granular material 
r)assing a No. 4 sieve, requires relatively simple equipment, and may be accomplished 
in about 40 min. Attention is directed to the fundamental significance of volumetric 
relationships as contrasted to weight percentages commonly used to describe the 
composition of soils and aggregates. 

9 SINCE very ancient times, man's efforts to (usually called soil stabilization) by one means 
travel oi' to move his goods from one place or another. I t is evident that a very large 
to another has brought evidence that the proportion of natural soils, including the more-
surface of the earth in its natural state is rarely granular materials, contain fractions or corn-
suitable for heavy or concentrated traffic, jionents that are initially unsuitable. I n spite 
The entire history of highway construction of the fact that earth, clay, and stone are 
from the days of the Roman roads down to among the oldest of engineering materials, 
the present largely represents the efforts to there remains much to be learned about the 
cover up or modify the earthy materials to factors that affect their ability to serve our 
provide a more suitable path for wheeled purposes. The soil is not a particularly glam-
vehicles. I n general, the Romans employed orous material, and the attitude which has 
the expedient of covering up adverse soils given rise to the expression "common as d i r t " 
wi th a heavy layer of carefully iilaced stone, naturally would not tend to stimulate curios-
^IcAdam and Telford both advocated some- i ty or interest in the subject. Nevertheless, 
what similar methods, and to a great extent a vast amount of knowledge does exist among 
these prf)cedures are still relied upon. specialists, and studies have progi'essed along 

I n recent yeai's more attention has been many different lines. Those interested in agri-
given to soil modification or improvement culture have worked from both practical and 
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theoretical concepts, hut even in this field i t 
appears tl iat many ancient notions and beliefs 
are being modified or discarded. The ceramic 
engineers have continued to develoiJ their 
knowledge of clays, and geologists and mineral­
ogists have succeeded in mapping and classify­
ing the various formations and have given 
names to the numerous varieties of soil and 
rock. 

For the most part, engineering treatises and 
texts have tried to establish the ])rinciples by 
which the load-bearing capacity of soils could 
be computed as a basis for the design of bases 
or foundations for engineering structures 
which must I'est upon the eai'th. The applica­
tion of the mathematical techni(iue invariably 
I'ests upon one concept: I f the materials in 
(juestion ai-e ver̂ ^ unifoi'ni, then behavior can 
be predicted from certain assumed conditions. 

I t is not the purpose of this discussion to 
question the value of the so-called funda­
mental apprf)ach. I t is obvious that if an 
engineer is to design a structure with reason­
able assurance that i t wil l be stable and 
permanent, he must be able to predict or 
calculate the load-bearing cajxicities with con­
siderable certainty. Howe\-er, (hu'ing construc­
tion, field engineers are faced with the day-bv-
day problems involved in the selection and 
control of materials for highways and air 
fields and are aware that the ideal soil of the 
mathematician is rarely encountered. I t is 
generally necessary to construct pavements 
over the soils that exist and to utilize the 
granular materials economically available. The 
construction engineer may reach the con­
clusion that if the materials of the earth were 
created to serve a variety of purposes, the 
si)ecialized needs of the highway engineer is 
one of the least of these. The problem facing 
the field engineer can be rather simply stated. 
By and lai'ge, i t is a jiroblem of identification 
and selection, which means making sure that 
the right material goes into the right place. 
When faced wi th the necessity' for rejecting or 
accepting a specific material, the engineer is 
foi-ced to rely upon tests to determine whether 
or not a given soil, sand, gravel, or crushed 
stone has the essential properties. He must 
deal with the real pro])erties of the soil or the 
mineral aggregates and broad generalities are 
not of much help. 

I t was not many yeai's ago when lioth 
design and construction engineers generally 

paid very little attention to differences in soil 
types. While i t was frequent practice to clas­
sify excavation as a basis for pay quantities 
to the contractor, many attempts to dis­
tinguish between such markedly different ma­
terials as dii-t and solid rock often led to 
arguments between the contractor and the 
engineer. I n order to avoid such arguments, 
the California Division of Highway's, for ex-
ami)le, does not classify earth work foi' psiv 
quantities. 

Nevertheless, in spite of the generally casual 
attitude certain highway engineers began to 
realize some 25 or 30 years ago that the native 
materials encountei'ed on man.v highway 
routes were not always giving satisfactory 
performance, and as subsidence and settle­
ments were common, they began to specify 
I'oUing and compaction throughout the entire 
dei)th of embankments. One might hazard the 
surmise that the development of knowledge 
and understanding on the pai't of field and 
construction engineers has been i-etai'ded by 
the fact that these men do not oi'dinarily 
obsei-ve the materials in their worst condition. 
Most of the construction woi'k is carried on in 
good weather when the soils are i-elatively dry, 
and i t is often difficult to visualize the condi­
tions which will exist in the roadbed aftei' the 
liavement has been in place for several years. 
The maintenance department and the more 
active materials laboratories ai'e generally- bet­
ter acquainted wdth the adverse conditions 
that often develop. I t would be helpful if 
more engineers w-ere impressed with the fact 
that the matter of chief concern is the behavior 
of wet soil. 

Engineei's soon discovered that in order to 
secure maximum efficiency with field com-
jiaction equijjment careful control of moisture 
content is necessary. However, in spite of 
increased attention and effoi't sjjent in com-
liacting soils, the possibility of failure was not 
eliminated. Ini t ial compaction alone wil l not 
l)revent certain soils from becoming saturated 
and, in the course of time, losing the ability to 
sujijiort loads. For all practical purposes, fai l -
ui'es in highway bases, subbases, and basement 
soils are almost entii'ely due to water. This 
includes failures due to frost action, as there 
is no reason to think that freezing would 
cause much trouble in dry soils if no water 
wei'e available. Therefore, in order to select 
adequate materials for all layers or horizons 
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in the roadbed, a field engineer must under­
stand something of the essential ])roperties of 
soil materials, especially those pi-oi)erties ttiat 
affect load-supporting ability when the soil is 
wet. The field engineer must have at hand 
test methods for detecting or evaluating the 
essential pi'operties. 

Dating from Coulomb's time (1736-1806), 
most theoretical discussions on soil mechanics 
i-ecognize that the entir'e structural strength 
of soils rests upon two distinct properties: 
internal f i ic t ion and cohesion. The stability 
of slopes and embankments, the ])ressures 
against retaining walls, and the ability to 
sustain vertical loads all depend upon some 
combination of these two jjroperties—friction 
(or resistance to sliding) between I'ock or soil 
particles, amplified by any cohesive forces 
which may exist. The laws governing the 
I'esistance to sliding between solid particles 
in contact do not appear to be too clearly 
understood, even today, and they are probably 
much moi'e comjilex than has generally been 
recognized. However, for most ])ractical jiur-
])oses, variations in frictional resistance may 
be well-enough defined in the terms used by 
Amontons, who was one of the first to investi­
gate this particular phenomenon. Amontons' 
la w states rathei- simply that the I'osistance to 
sliding between adjacent solid sui-faces in 
contact varies with the nature of the surfaces, 
directly with the pressure which holds the 
suifaees together, and is largely independent 
of the speed and the apparent areas in contact. 

The definition of cfjhesion as used in soil-
mechanics texts does not corresixind to the 
dictionary definition. Foi- example, the soil-
mechanics usage generally states that the 
cohesive resistance in soils is that part of the 
resistance which does not vari/ ivith the pressure. 
This is a negative definition, but this obsei'va-
tion agrees with one of the characteristics of 
viscous liciuids, as the internal friction of 
li((uids i.s virtually independent of the pres.su) e, 
and the resistance developed by a f i lm of 
viscous licjuid between two solid bodies varies 
directly with the area atid directlx' with the 
s]ieed of movement but is largely independent 
of the pressure. I t may be observed, therefoi-e, 
that the behavior of dr>', solid l)odies in 
contact is almost diametrically opjxised to the 
behavior of viscous liquids in thin films. A 
bed of crushed stone or sand represents a case 
where the ability to sustain loads rests entirely 

ui)on interparticle fi-iction and no cohesive 
forces are involved. On the other hand, metals 
are said to have little or no internal friction, 
therefore their resistance oi' strength depends 
entirely upon cohesive forces, Portland-cement 
concrete is a substance capable of sustaining 
substantial compi'essive loads due to moderate 
cohesive strength and the high internal-fric­
tion characteristic of dry stone inirticles in 
contact. A well-designed asphaltic pavement 
is an engineering material with relatively low 
tensile strength but in which the frictional 
resistance can be maintained at a high level so 
long as an excess of asphalt is not introduced. 
Asphalt is a viscous liquid, and \-irtaally all 
viscous liquids ai'e hibricants. Under ceiiain 
conditions, water may also act as a lubricant. 
I t is a matter of common observation that 
water alone wil l not produce a measui-able 
lubricating effect on a layei' of clean, crushed 
stone as layers of sand, gravel, or crushed 
stone have long been used for pathways and 
driveways and are genei-ally satisfactory, ex­
cept for their inability to resi.st surface abi'a-
sion. But, water and clay mixtures have 
marked lul)ricating properties. Such mixtures 
ai'e widely used in well di-illing with rotary 
bits for several reasons, which include the 
ability to lubricate the tools and to mobilize 
01- float the cuttings and stone chii)s. 

The civil engineer considers that the term 
soil includes all mateiials of the earth's mantle, 
including gravel and sand and the varioiis 
silts and loams, and virtually all such ma­
terials contain a greater or lesser pei'centage 
of extremely fine jiarticles. These fine particles, 
when mixed with watei', usually dis|)lay the 
special jii-operties of plasticity and mobility 
that are characteristic of tlie clay minei-als. 
Api)arently, thei'e is no exact or sim])le defini­
tion to distinguish the clay fraction from 
finely ground rock particles, but i j i the absence 
of clay, material finer than a Xo. 4 sieve is, 
to all intent and pui poses, a sand, even though 
some of the particles are very small. I t is 
evident that man>- clays display propeities 
that are not attributalilc to small particle 
size alone. I t is not within the scope of this 
pajier to attemi)t any discussion on the in t i ­
mate shape, i)]'oi)ei'ties, and special behavior 
of the clay minerals. I n the December 1952 
issue of Public Roads, an article by Earl B. 
Kinter, Adoljjh M . Winterniyei-, and .Max 
Swerdlow gives a veiy interesting discussion. 
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accompanied by numerous electron micro-
grai)h,s of the clay minerals. This article should 
he i-ead by anyon(! interested in tlie ])roperties 
of soils and l)eliavior of clays. However, for the 
purjjoses of the average highway engineer who 
is attempting to evaluate the (iualit>' of soils, 
gravels, or other granular materials, i t is 
sufficient to recognize that when combined 
with sufficient water, most clays are \'ery 
effective lubricants; when a sufficient (juantity 
of clay is intermixed with the coarser granular 
portion of the soil, lul)rication will develo]), 
and the mi.xture becomes plastic whenever 
enough water is absorbed or accumulated. 
As the ability of soils to resist defoi'mation 
depends very largely upim internal fi-iction, 
wet clay has the effect of reducing or canceling 
out the frictional resistance, and while the 
so-called cohesive resistance is almost entirely 
due to the clay, this gain in cohesi-\'e strength 
does not compensate for the loss flue to 
reduction in friction. I t must be emphasized, 
of course, that water is the essential factor 
causing loss in resistance, as finely ground dry 
clay particles exhibit no cohesive pi-operties 
and are not effective lubricants. \\'hen watei' is 
added to a dry soil mixture, the cohesi\-e 
strength (jr resistance will normally increase 
wit l i the addition of moisture and compaction, 
and in most cases, a certain optimum amount 
of water will be tolerated before the frictional 
resistance is greatly im])aii'ed. However, above 
a cei'tain moisture content the resistance due 
to friction wi l l diminish, even though the 
cohesive strength or resistance may continue 
to increase up to some second ])oint of higher 
moisture content. I<"inally, values of both fric­
tion and cohesion wil l diminish as the soil 
a])pi-oaches a comjiletely fluid state. I f it were 
possible to develop a sufficiently high cohesive 
resistance, we would not need to be concerned 
over the lubi'ieating effects of clay; but i t is 
easily demonstrated that materials such as 
crushed stone and gi'avel develoj) a great (leal 
moi-e resistance due to interi)article friction 
than can be develojjed b\- cohesion f iom any 
of the natural clays when thoroughly satu­
rated. Plastic soils, clay-bearing gravels, or 
rich, asphaltic mixtures, all having high co­
hesive values but l i t t le internal friction, ai-e 
rarely adeciuate to sustain re|)eated vehicle 
loads. I n other words, an excessive amount 
of clay is detrimental to highway bases and 
foundations. Soils or gravels containing high 

jjercentages of clay invai'iably become un­
stable anfl lack supporting power when wet. 

I t is a matter of common knowledge among 
highway- engineers that an excessive amount 
of asphalt in an othei'wise noimal mixtui'e of 
sand and graA-el wi l l cause instability, because 
the asphalt is also a lubricant and provides 
mobility- or plasticity to the mass. I t may be 
noted, howe\'er, that when compared on the 
basis of weight, apparently less asphalt wi l l 
be required to jiroduce instability than is the 
ease with clay. For example, a densely graded 
aggregate wil l usually be unstable with 7 
liercent of asphalt by weight, while over fO 
pei'cent of plastic clay soil might be required 
to produce the same effect. This difference 
exists, however, only in the weight relation-
sliii)s as the volume of asphalt coi'resi^onding 
to 7 percent of the dry weight of the aggregate 
is about equal to the bulk volume of wet clay 
corresponding to 11 i)ercent by weight of the 
total aggregate. I t should then be apparent 
that lubrication does not become serious unti l 
a certain \-olume of lubricant has been intro­
duced. To oai-ry the analogy fui-ther, if the 
aggregate were mixed with a plastic matei'ial, 
such as i-ed-lead paint, instability would also 
be jModuced. But in this case it would retiuire 
approximately 23 percent by weight, although 
the volume relationships would still remain 
about the same. I t should not be necessary to 
dwell upon this relationshi)) unduly, but the 
conclusion is inescapable that the fundamental 
relation.ship in all design of aggregate mix-
ttires, whether for concrete, bituminous pave­
ments, oi- gravel bases, rests upon the relative 
volumes of each ingredient and not npon 
weight i)ercentages. This fact is often over­
looked. 

The control of bituminous mixtures is sim-
])lified by the fact that jiaving asplialts do 
not vary widely in si^ecific gra\-ity, but the 
mixtui'es of cla>' and water do vary in weight. 
To illustrate the wide range of volume which 
can exist even with the same weight of dry 
material. Figure 1 is included to show a 
series of glass graduates, each containing 100 
gi'ams of dry, mineral powfler oi- rock dust of 
the type often referied to as "filler dust" 
when used in asphaltic mixtures. I t should he 
I'eadily ai)parent to any engineer that a sieve 
analysis of mineral aggregates expressed as 
the weight ])ercentages of each size does not 
necessai'ily give a true picture of the relative 
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volume or mass of material represented by the 
size groups. As a further illustration. Figure 2 

illustrating that the total volume of material 
represented by a given weight may vary 
widely. However, there are still more variables, 
and i t is even mf)re imijortant to realize that 
while i t is troublesome to maintain proper 
proportions between aggregates and binder's 
that vary in unit weight, the problem becomes 
more complex when the mineral aggi-egates 
consist of several types of stone particles, 
each size group having a different specific 
gravity. Figure 3 illustrates some of the con­
trast which may occur between mineral ag­
gregates which are made up of identical gra­
dations when ex]jressed by weight, but i t wil l 
be observed that the volume j^roportions are 

2,S3 
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Figure 1 
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Figure 2. 
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shows a series of mineral aggregates of much 
coarsei' gradation, each representing an ag­
gregate of different specific gravity and again 

Figure 3. 

vastly different. Troublesome as these varia­
tions can be, i t is nevertheless possible to 
determine the sjiecific gi'avit>' of each size 
group and, by calculation, arrive at the true 
volume relationship. This is routine procedure 
in concrete mix design l)ut is usua]l\- ovei'-
looked in other cases. 

However, there is more to come, as another 
factor is often involved when water is intro­
duced into soils or untreated base materials. 
I n these cases, certain clays may expand 
considerably' and the effective volume of wet 
lubricating clay may l)e greatly increased or 
augmented. This condition is most marked 
in the montmorillonite class of clays, of which 
bentonite is a well-known example. (Other 
clay types may exi)and but to a lesser degree.) 
I n any event, an estimate of the effective 
amount of clay may be \-ery misleading when 
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based upon sieve analysis, hydrometer analy­
sis, or upon any other means which leads to 
an expression in terms of weight percentages. 

Figure 4 shows two graduates, each con­
taining an amount of sand and clay which, 
when thoroughly saturated with water and 
tested in the stabilometer, produced a resist­
ance value of 60. (Without the clay this sand 

important relationships that depend upon rela­
tive volumes. 

Figure 5 is an analytical chart setting forth 
the factors affecting the design of pavements 
U) wherein the problem is subdivided into 
secondary, tertiary, and quaternary factors. 
The factoi's that are influenced by the clay 

A - 125 gr B-145 r 

?J-3 Kaolin 

B « n t o n i t « 

95T, 
Sond 

73% 
S o n d 

Figure 4. 

has an K value of 80.) I t will be noted that the 
amount of sand is the same in each case but 
(Graduate A contains only 5 percent of bento-
nite where Graduate B contains 21 percent of 
kaolinite by weight. I n the weight jiroportions 
shown, these materials have an equal effect 
in reducing stability or inci'easing the plasticity 
of the entire mass; and therefore, as illustrated 
in Figure 6, bentonite is a much more effective 
lubricant and, consequently, can be far more 
troublesome than kaolinite. The widespread 
use of weight batching or proportioning de­
vices and the use of scales or balances in 
laboratory analyses has tended to obscure the 
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Figure 5. Factors affecting the design of pavements. 
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Figure 6. Effect of clay on R value. 

content of the soil are indicated by circles 
neai- the right-hand margin of the chart. 
These serve to illusti'ate the properties or 
characteristics that may be affected by the 
amount and type of clay present in the soil. 

The average engineer is usually interested, 
however, only in the over-all effect of the 
particular clay when the soil becomes wet. 
The primary question is the effect on struc­
tural stability, which really boils down to the 
question of whether or not there is any i-educ-
tion in internal friction. 

I n order to measure the ability of soils and 
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granular materials to sustain loads, many 
tests have been devised. One of the best known 
is the California Beai'ing Ratio, which has 
recently been replaced by the stabilometer in 
the laboratory of the California Division of 
Highways. The testing procedure now followed 
requires the prejjaration of soil specimens by 
first introducing sufficient water to fill the 
expected void space and then comjiacting to 
produce a structiu'al arrangement and a state 
of density comi)arable to that developed in 
most highwax' liases and basement soil la>-ers. 
The next step is to determine the final equi­
librium moistui'e content and measure the 
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Figure 7. 

resistance to deformation. Basically, the sta­
bilometer is a form of plastometei-, antl the test 
primarily reflects the internal fr ict ion or de­
gree of lubrication with cohesive I'esistance 
pla>'ing a minor ].)art. When lieing tested 
in this instrument, a comi)acted sample is 
subjected to a vertical pressui'e which may be 
varied at wi l l (but for highway i)urposes is 
typically HiO psi. for soils and graimlar liase 
matei'ials). The instrument makes i t ]M)ssible 
to measure the lateral jiressure transmitted by 
the specimen while under load (Fig. 7). Figure 
6 shows characteristic curves illustrating loss 
in stability or internal i'esistance plotted from 
stabilometer data on a ci'ushed sand}' gravel 
to which has been added inci-ements of plastic 
clay. This te.st pi'ocedure is used as a basis for 
calculating the supporting value of the soil. 

By use of suitable fornuilas i t is ])ossible to 
comjiute the thickness of cover courses (bases 
and pavement) which wil l be necessary to 
support vehicle loads of a given magnitude 
and number of I'epetitions. These test 
cedui'es have been reported in considei'able 
detail elsewhei'e ( / ) . The stabilometer test 
and the elaborate compaction equi])ment re­
quired to jiroduce specimens that ai-e charac­
teristic of soils in i)lace in the roadbed means 
that this test procedure is virtually restricted 
to a fairh- large, well-eciuipjied laboratory-. 

I t is essential, however, that the resident 
engineer or inspector in chai'ge of consti'uc-
tion should have some leady and convenient 
test for detecting the presence f)f excessive 
amounts of adverse clay or fine materials in 
base or subbase materials. As we have estab­
lished that the lubi'icating effect of clay or of 
any other material tends to increase with the 
volume, i.e., the thickness of film between the 
jiarticles, the most fundamental relationshij) 
is that reflected by the potential volume of 
wetted clay that exists in each mixture. I n 
order to si)eed uj) the testing oi^eration by 
avoiding the need for weighing the sample and 
drying out in an oven, a test has been de-
velojjed called the "sand-equivalent deter­
mination." The te.st is applied to a sample 
of material jiassing a No. 4 sie\-e, and the 
relationship between the quantity of clay 
jiresent and the anioimt of coarser sand jjarti-
cles in the sample is developed on a volume 
basis, and the test results indicate whether the 
volume of "sand" is either high or low, hence, 
the name "sand e(iviivalent." 

Essentially, the test is performed by shaking 
vigorously a sam|)le of the fine aggregate in a 
transparent cyhnder containing a special aipie-
ous solution (Fig. S) and noting the relative 
voknnes of sand and of the ]5artially sedi-
mented clay after standing for 20 min. The 
entire operation can be carried through in 
less than 40 min. I n order to speed up the 
sedimentation of the fine clays oi- colloidal 
I)articles, a flocculating agent was required, 
and a solution of calcium chloi'ide was selected 
on account of its relatively low cost, stability 
and nonirritating jjroperties (2). Since a small 
amount of bentonite is, in lubricating effect, 
ecjual to a much greater weight of kaolinite 
(Fig. 4), the strength of the calcium-chloride 
solution was adjusted to a |X)int that would 
give emphasis or enlargement of volume with 
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a bentonite clay while not exaggerating the 
volume of kaolinite. This relationship ap­
peared to be best established by using a very 
weak solution of calcium chloride. However, 
the strength of the solution does not appear 
to be too ciltical for most natural soils; there-

Figure 8. 

fore, a working solution of 0.05 X has been 
adopted and will be used unti l accumulated 
experience wari'ants a change. After some 
experience with the calcium-chloride solution, 
i t was found that the addition of a small 
amount of glycerin i)roduced a stabilizing 
effect, and test results made on caiefully 
(|uartered samples were more readily repro­

ducible. Finally, i t was noted that the calcium-
chloride-glycerin solution was not sterile, and 
certain moulds tended to grow; so formalde­
hyde was added to sterilize the solution. 

For a complete description of test pi'ocedure 
and the method of calculating the sand equiva­
lent value, see the appendix. 

FACTORS AFFECTING RESISTANCE VALUE 

When the sand-equivalent test was first de­
veloped, i t was hoped that i t would furnish a 
good indication of the over-all resistance value 
of the soil. A correlation does exist, but i t 
is not sharply defined throughout the scale. 
The i-easons foi- this are not difficult to under­
stand, if i t is I'ecognized that the ability of a 
mass of soil or granular material passing a 
No. 4 sieve to resist deformation wil l depend 
upon the following factors: (1) the volume of 
lubricant mixed with the sand fraction (as­
phalt, clay and water, etc.); (2) the effective­
ness or efficiency of the lubricating fraction 
(wet bentonite is a better lubricant than 
kaolinite, for example); (3) the degree of 
roughness or irregulailty of the sand grains or 
rock particles; (4) the amount of void space 
in the sand fraction of the soil; and (5) the 
amount of intermingled coai-se rock retained 
on a No. 4 sieve. 

We readily perceive that of these five varia­
bles the sand-equivalent determination is p i l -
marily an indie^ation of Item 1 (expanded clay 
volume). I t attempts to compensate for No. 
2 by means of the type of solution used. 
I t cannot indicate the variation caused by 
I tem 3, and as presently pei-formed does not 
make allowance for No. 4, although i t seems 
possible that means for making this correc­
tion may be worked out. Allowance for the 
effects of the last item. No. 5, needs to be 
made if the coarse aggregate exceeds 25 or 30 
percent of the total. Therefore, in order to 
evaluate the combined effect of all factors, 
some test such as the stahilometer is neces­
sary. However, experience has shown that 
one of the principal variables is the amount 
of clay present as there is relatively li t t le 
difference in sands and i t may readily be 
determined that when the sand-equivalent 
value is greater than 30, the clay fraction is 
not sufficiently large to have much influence 
on the resistance value of an untreated soil 
(see Fig. 14). 
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APPLICATION AND TENTATIVE SAND-
EQUIVALENT LIMITS 

Very small amounts of clay may be detri­
mental to the performance of bituminous mix­
tures, especially when the clay exists as a 
coating on the surfaces of the sand grains. 
As the sand-equivalent determination fur­
nishes a ready means for detecting the presence 
of such fine materials, a tentative scale of 
values has been set up to permit rapid testing 
and quick determination in the field.' A t the 
present time, SE values are being included 
in the specifications of the California Division 
of Highways. The following limits are pro­
posed for each of the classes of aggregates 
listed: 

Sand 
Equiv­
alent 

Minimum 
Crusher run or gravel base materials 30 
Aggregates and selected materials for road mix 

bituminous treatment 35 
Aggregates for plant mix bituminous surface.. 45 
Aggregates for asphaltic concrete or Class A 

plant mix 55 
Concrete sand 80 

By comparing SE test values to other test 
results, i t was found that the majority of 
soils showing high expansion under soaking 
may also be identified by means of the sand 
equivalent. I t 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 C'BR 
will be unsuitable for placing in the upper 
levels of the roadbed. I t appears that the 
same class of soils could 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 roadbed as they are also 
likely to develop excessive expansion and 
certainly wi l l have li t t le supporting power 
when saturated. 

Sand-equivalent values are definitely in­
fluenced by the amount of fine dust in the 
sample and a i)lot of SE 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 dif-
feience in the relationship depending upon 
the type of dust or fine material present. 

Figure 9 is a plot showing the relationship 
between SE values and the total i)ercentage 
of dust added to a sample of standard Ottawa 
sand. I t will be noted that only about 6 

percent of clay is required to produce a SE 
value of 30, whereas i t wi l l require 33 percent 
of fine quartz dust and 44 percent of lime­
stone or rock dust. 

Ouorfz Dust #/ 

Colron Limrsfone Dust 

"J 40 

Kao m 

Ouarfz Dusi *Z 

10 20 30 40 50 60 70 SO 30 100 

Percenf Cloy or Oust 
100 90 to TO 60 so 40 30 20 10 O 

Percenf Ofiawa Sand by Weighi 

Figure 9. Effect of various fine materials on tlie 
sand equivalent. 

• 

Cr usher dusf 

fofural dusfr 

1 
Percent Passing 

Vo 200 Sieve 

Figure 10. Effect of dust on the sand equivalent of 
plant-mixed-surfacing Hne aggregate. Sample 52-2745. 

Figure 10 is a further illustration of the 
differences in t>'pe of dust wherein i t i.s shown 
that the addition of a so-called natural dust 
to a sample of fine aggregate reduces the SE 
more rapidly than would the addition of 
crusher dust. I f one were to specify a mini­
mum SE value of 55, not more than 9 per­
cent of natural dust could be tolerated in the 
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sand fraction, whereas 13 percent of crusher 
dust would be acceptable. 

The effect of fineness alone is illustrated 
by Figure 11, which shows a comparison be-

Coarse Ground Dust 
Surface Area = 344-0 cm yg 

B-rine Ground Dust 
Surface Area = 5000 cm Vg 

20 40 60 SO 100 
Percent Quartz Dust 

100 60 60 4-0 20 o 
Percent Ottawa Sand 

Figure 11. Quartz dust and Ottawa sand: Effect of 
particle size on the sand equivalent. (Tests made with 

ground quartz dust.) 

Number of Posses of Pea Ora^el 
Through Pulverizer 

Figure 12. Effect of dust-partlcle size: 11 percent 
pulverized pea gravel and 89 percent 

concrete sand. 

tween the proportion of dust and the SE 
value with two different dusts produced by the 
same method of artificial grinding. Dust A 
is more coarsely ground than Dust B as 
illusti'ated by the comjjarative surface areas. 
An SE of 45 in this case would jjei'mit 34 

percent of Dust A but only 26 percent of 
Dust B in the sand fraction. 

The effect of fineness of grinding on the HE 
results is further illustrated by Figure 12. 

The relationship between the &E value and 
the resistance value of the granular base 
material with different percentages of two 
types of clay added is illustrated in Figure 
13. The test data wei'e derived from a sample 
of crushed stone which, i n its natural form, 
gave a resistance value of 80. The additions 
of small amounts of kaolinite have no effect 

1 

Kaolini te \ 

o— 

B entonit 

O 20 40 60 60 100 

Resistance Value 

Figure 13. Resistance value versus sand equivalent for 
crushed-roclc base adjusted to varying percents of clay. 

on the R value until a &E of about 30 is 
reached, after which the R value drops off 
rapidly. The effects of bentonite are observed 
even wi th &E values above 40, but the drop 
in resistance does not become acute unti l an 
&E value below 30 is reached. Xatui'al soil 
materials are genei-ally intermediate between 
these two limits and rarely are as potent in 
reducing the R value as are the tyjj ical ben-
tonites. 

Figure 14 is an illustration of the values 
develojjed from a vai'iety of materials which 
have been tested in the stabilometer and the 
&E x'alues determined. There is evidence that 
mixtures of sand, silt, and clay develop op­
t imum resistance values when sanrl equiva­
lents fall in the range of 30 to 70, while clean 
sands without dust tend to drop off somewhat 
in R value. AVhile ceitain materials do show 
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an adequate resistance value with a SE as 
low as 20, many othei'S fall off very markedly, 
and i t is believed that any material having 
an SE less than 30 wil l be too critical and wil l 
offer too small a margin of safety to be used in 
impoitant layers of base or subbase intended 
to suijjioi't a costly highway- surface course. 
The symbols in Figure 14 are intended to 
illustrate the ai^proximate classification of the 
materials. I t wil l be noted that clean cohesion-

LEGEND 
Major Componenf. 

Sili I C/oy 

5 

-Mm PC C Sand 

r~Min Asphaliic Concrete 

^^Min Plant f^ix Aggregate 
' ! 

fin Pood MIX Materi 

0 10 iO JO 40 50 60 70 SO 30 100 

Resistance Value 

Figure 14. Sand equivalent versus resistance value. 

less sands show very high SE values. Sands 
mixed with silt and some (ia\- fall at inter­
mediate points, while the chn's and silty clay 
mixtures are in general \-ery low. 

From the foregoing i t wil l be apparent that 
the SE is useful in detecting the presence of 
adverse amounts of clay in granular base 
materials. I t may also be used to l imit the 
amount of fine dust or clay that may exist as 
a coating on i)ai-ticles of mineral aggregate 
intended for bituminous mixtures. I t may be 
used as a quick field test to control the amount. 
of adverse clays in concrete sands. The junior 
engineer or ins])ector who jjerforms the test 
should, in time, become very much aware of 
the effects of the clay fraction in pavement 
and base matei ials. 

CONCLUSION 

The suitability of soils for engineering pur­
poses depends largely ui)on their ability to 
remain in place and to support whatever 
loads may be jilaced upon them, either by a 
l^ermanent engineering sti'ucture or by tran­
sient vehicle loads. A study of the properties 
which distinguish the more-satisfactory from 
the less-satisfactory soils indicates that in the 
majority of cases clays aie detrimental to 
stability, and i t is apparent that wet clay has 
the effect of a lubricant in diminishing the 
natural resistance due to friction that would 
otherwise exist. I t is necessary that the civil 
engineer- I'esponsible for- construction of any 
form of earthwork should be informed not 
only concer-ning the quantit>- of clay minerals 
l^resent but also should know something of 
their nature and their potential influence on 
the engineer-ing properties of the soil. 
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A P P E X D I X 

SAND-EQUIVALENT TEST 

1. This test is intended to ser-ve as a r'iipid 
fiekl test to show the presence or absence of 
detrimental fines or clay-like materials in soils 
and miner-al aggr-egates. 

Apparatus (See Fig. S) 

2. (a) A transpar-ent graduated measur-ing 
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cylinder having an internal diameter of I K 
in., a height of about 17 in. , and graduations 
up to 15 in. by tenths, beginning at the 
bottom. 

(b) An irrigator tube made of J^-in.-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 fiat side of the wedge near the point. 

(c) A 1-gal. bottle with siphon assembly 
consisting of a two-hole stopper and a bent 
co])per tube. The bottle is placed 3 f t . above 
the working table. 

(d) A length of He-^n. rubber tubing with 
a pinch clamp for shutting off the flow. This 
tubing is used to connect the irr igator tube to 
the siphon asseml)ly. 

(e) A weighted foot consisting of a metal 
rod 18 in. long having at the lower end a 
l-in.-diameter conical foot. The foot has three 
small centering screws to center i t loosely 
in the cylinder. A cap to fit the top of the 
cylinder fits looseh' around the rod and serves 
to center the top of the rod in the cylinder. 
A weight is attached to the top end of the rod 
to give an assembly weight of 1 kilogram. 

(f) A 3-ounce measuring can (88-ml. ca­
pacity). 

(g) A wide-mouth funnel for transferring 
soil into the cylinder. 

(h) Stock solution: 
454 grams (1 lb.) tech. anhydrous calcium 

chloride 
2050 grams (1640 ml.) USP glycerine 

47 grams (45 ml.) formaldehyde (40 
volume solution). 

Dissolve the calcium chloride in gal. 
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 quality tap water. 

(i) Working Solution: Dilute 88 ml . of the 
stock solution to 1 gal. with .tap water. The 
graduated cylinder filled to 4.4 in. contains 
the required 88 ml . Questionable water may 
be tested by comparing lesjilts of sand-equiv­
alent tests on identical samples using solu­
tions made with the questionable water and 
with distilled water. 

Procedure 

3. (a) Prei^aiation of Sample: The matei'ial 
used in the test is the portion of the sample 

passing the No. 4 sieve. Therefore, if the 
sample contains coarse rock i t must be 
screened on a No. 4 sieve and the lumps of 
finer material must be broken down. I f the 
original sample is not damp i t should be 
dampened with water before screening. I f 

Figure A 

the coarse aggregate carries a coating that 
is not removed by the screening operation, 
dry the coarse aggregate and rub i t between 
the hands, adding the resulting dust to the 
fines. 

(b) Start the siphon by blowing into the toj i 
of the solution bottle through a shoi-t piece of 
tubing while the pinch clamp is open. The 
apparatus is now ready for use. 

(c) Siphon the working solution into the 
cylinder to a depth of 4 in. 

(d) Pour one measuring can fu l l of the 
]ire]3ared soil sample into the cylinder (Fig. A ) . 
One can fu l l amounts to about 110 grams of 
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average loose material. Tap the bottom of the 
cylinder f irmly on the heel of the hand several 
times to dislodge any air bubbles and to aid in 

Figure B 

Figure C 

wetting the sample. Allow to stand for 10 
min. 

(e) A t the end of the 10-min. period, stopper 
the cylinder and shake vigorously from side to 

side, holding in a horizontal position (see Fig. 
B) . Make 90 cycles in about 30 sec. using 
a "throw" of about 8 in. A cycle consists of a 
complete back and forth motion. To success­
fu l ly shake the sample at this speed, i t wi l l be 
necessary for the operator to shake with the 
forearms only, relaxing the body and shoul­
ders. 

(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 while revolving the cylinder 
slowly. When the liquid level rises to 15 
in. , raise the irrigator tube slowly without 
shutting off the flow so that the liquid level is 
maintained at about 15 in. while the tube is 
being withdrawn. Regulate the flow just be­
fore the tube is entirely withdrawn and adjust 
the final level to 15 in. Allow to stand undis­
turbed for exactly 20 min. Any vibration or 
movement of the cylinder during this time 
wil l interfere wi th the normal settling rate of 
the suspended clay and wil l cause an er­
roneous result (Fig. C, at lef t) . 

(g) A t the end of the 20-min. period record 
the level of the top of the clay suspension. 
Read to the nearest 0.1 in . 

(h) Gently lower the weighted foot into the 
cylinder unti l i t comes to rest on the sand. 
Twist the rod slightly without pushing down 
unti l one of the centering screws can be seen. 
Record the level at the center of the screw 
(Fig. C, at right). 

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

^ Reading at top of sand ^ 
Reading at top of clay 

I f the sand-equivalent 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 unt i l 
the sand plug is disintegrated, then empty 
immediately. Rinse twice with water. Do not 
expose plastic cylinders to direct sunlight any 
more than necessary. 




