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The erodibility of soil by wind is dependent on the state and stability of the
dry sggregate structure. Development of suitable methods of determining the
dry aggregate soil structure has, however, received little aitention in the past.
A method of dry aggregate analysis used to an appreciable extent consisted of
sieving the soil in air and finding the weight of the aggregates or clods on each
sieve. I{een (4) and Mangelsdorff (5) placed the soil on a nest of sieves and shook
the nest by hand. To avoid serious discrepancies due to personal judgment as to

the amount of shaking required, Volkov (7) and Cole (3) passed the air-dry soil ’

through a nest of flat sieves operated mechanieally by a motor giving a standard
number of shakes and jolts. The jolting action is rather severe, however, and
tends to break up the weak clods. Moreover, the flat sieves, especially the fine
ones, often clog up badly, thereby virtually nullifying the effect of sieving. To
overcome these difficulties, Chepil and Bisal (1) devised a rotary sieve.

The rotary sieve has been used in wind erosion studies as a dependable device
for determining the size distribution of dry soil particles and aggregates. As these
studies progressed, however, it became apparent that an accurate evaluation of
erodibility necessitates a knowledge not only of the size distribution of dry seil
particles and aggregates but also of the apparent density of these units. It be-
came necessary, therefore, to determine the apparent density of all the fractions
separated by dry-sieving. Moreover, it was essential for detailed study to deter-
mine the amount and apparent density of at least 12 erodible and several non-
erodible size-fractions contained in the soil. The original rotary sieve failed to
meet, this requirement, since 1t was capable of separating the soil into a maximum
of seven [fractions, of which only two were erodible. ‘

Because of the imitations of the sicve, n method of estimating the erodibility
of soils by wind based mainly on the clutristion procedure and only in a limited
degree on dry-sieving has Leen devised. An air elutristor has been designed, con-
structed, and tesied thoroughly for this purpose. The elutriator facilitates a
convenient delermination of the amount of any desired number of size-fractions
contained in the soil without resorting to a separate deiermination of apparent
density of each of these fractions. The elutriator is described herein.

DESCHIPTION OF THE ELUTHIATOR

The elutriator consists of a 6.5-inch diameter transparent vertical duet A
(fig. 1) connected to a blower B run by }-horsepower electric motor. At the base

' Contribution No. 429, department of agronomy, Kansas Agricultural Experiment
Station, Manhattan, and the Soil Conservation Serviee, U. 8. Depuartment of Agriculture.
Cooperative research in the mechanies of wind erosion.
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of the duet, a cotton-cloth filter C is used. Immediately above the filter a 300-
mesh sieve D is fixed to the transparent plastic duct 4. The soil sample to be
elutriated is placed on this sieve.

The control of the wind is obtained by varying the thickness of the cloth filter
(' and by increasing the cross-sectional area of the air inlet opening . A metal
plate F fitted snugly against the opening and attached to a lever @ pivoted at

Scale, inches

Fig. 1. DiaGrRAMMATIC REFRESENTATION OF THE AIR ELvTRIATOR

H can be moved up or down for any amount of opening desired. The following
cloth filters are used to produce ranges of wind velocity as follows:

WATERIAL PLY 0z./5Q. YD. YELOGITY IN OO /ARC.
Duck 4 12 <2
Duek 1 12 20-60
Cloth 2 g 60-150
Cloth 1 8 150-300
Cloth 2 6 300-450
Cloth 1 ] 450-600

No cloth for velocity greater than 800 cm. /zec.
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The soil fractions blown up and out of the duct A settle on the Aoor of a ey-
lindrical dust chamber f. The dust chamber is equipped with & door {omitted
from figure 1 but shown opened in figure 2) to facilitate cleaning out the chamber
and measuring the wind velocity. The top of the eylinder at J 15 covered with a

Fig. 2. THE AIR ELUTRIATOR

clotn of fine porosity. The cloth Dlocks the upward passuge of most of the dust,
allowing the air to pass through.

During elutriation, the weight of the dust colleciion chamber I is supported by
o circulur flunge K fitted closely against the top of the eylindrieal duet 4. The
chamber is held in place laterally by two fixed vertical shafts L passing (hrough
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four bearings fustened to the chamber at 3. To facilitate placement of soil in
or removal from 1), the dust collection chamber is pushed up and the weight of
the chamber is supported at any desired height by tightening the thumb serews
N against the two vertical shafts at M.

The elutriator duct A is detachable from the blower B. \Nhen in place, it is held
tightly against the blower outlet and the cloth filter at O by a pair of springs
mounted on an cxpanding steeve P, which is held firmly against the elutriator
duct by three screws at approximate positions €,

The vertical vetocity of the wind is measured with a Pitot tube B conneeted
by rubber tubing S to an alcohol manometer not shown in figure 1. The manom-
eter is adjusted 1o a 0.5-,.1-, or a 2-degree slope, depending on wind velocity. To
facilitate & measurcment of wind velocity as low as 5 em. per second, a funnel,
as shown by T, is used. The funnel constricts the cross-sectional area of the verti-
¢al duct from a 6.5- to a 2-inch diameter. The effective portion of the Pitot tube
is in the 2-inch section. For measurement of high wind velocities, funnel [T is
removed and the Pitot tube is lowered into the elutriator duet A so that the
lower end of the tube is I inch below the top of the elutriator duct.

The purpose of the flange K, besides that of supporting the dust-collecting
chamber, 1s o speed up the velocity of the wind above the elutriator duct. The
speed-up of velocity at this position prevents the suspended soil fractions from
falling back into the duct after they have entered the dust-collecting chamber [

The vertical velocity of the wind along the whole cross-sectional area, except
within about 1 mm. from the wall of the elutriator duet, is remarkably uniform.
This uniformity is due to the air pressure exerted by the blower against the
cloth filters or the fine sieve or hoth, The total pressure-head against the cloth
filters and the sieve ranges from 0.7 to 7 inches of water, and against the sieve
alone from 0.2 to 3 inches of water, depending on the size of opening
of the inlet vane.

OPERATION OF THE ELUTRIATOR

In the efutrintor is placed 230 gm. of the soil which passed through a 6.4-mm.
sieve. A very low vertical wind velocity sufficient to remove the fine dust particles
is applied first, the residual sample is weighed and, after exposure to a slightly
higher velocity, is weighed again. This process of weighing the soil after each
increment inerease in velocity is repeated until a velocity capable of removing
soil aggregates much larger than those usually transported by atmospheric wind
is reached. The usnal velocities applied are sufficient to lift quartz grains with -
diameters of 0.044, 0.074, 0.1, 0.13, 0.18, 0.23, 0.30, 0.42, 0.59, 0.84, 1.19, 1.G8,
and 2 mm. These sizes, starting with 0.074 mm., conform to the U. 3. Bureau of
Standuards sieve scale with openings increasing in a ratio of the square root of 2,
or 1.414, except in three instances where closer sizing was desived. The time
required to remove all particles smaller than 0.044 mm. and smuller than 0.074
mm. is 3 and 1 minutes, respectively, with gentle stirring with a soft, narrow
hair brush. Thirty seconds without stirring is allowed for all other sizes.

The fraction remaining in the clutriator is then weighed and the weight ex-
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pressed in percentage of the teial weight of the sol elutriated. Size fractions
greater than 6.4 mm. are determined by sieving, and the apparent density and
volume of these {ractions are determined from the bulk density method deseribed
previously (2).

The clutriator facilitates the measurement of a vertical air velovity required
harely to hift the various equivalent sizes of dry soil particles and appregates. The
force requived to lift the aggregate exceeds slightly, and for practieal purposes
may be considered equal to, the downward pull of gravity. The foree of gravity
depends on the mass of the aguzregeie. The foree of the air stream required o Lt
the aggregate, on the other hand, depends on the size, shape, and apparent den-<
sity of the aggregate. The size usually is represented by the average diameler,
whercas the apparent density is designated by the proportion which a weight of a
given volume of the aggregate hears to the weight of an equal volame of water,
It is virtually impossible to describe a shape, such as that of a natural soil ag-
grogate. It 15 necessury, therefore, 1o express the results of elutriation in terms
of the equivalent dinmeter of the component soil aggregates, rather than in terns
of the actual diameter, apparent density, and shape. The equivalent diameter, as
determined for soils by clutriation, is a diameter of o standurd quartz grain of o
particular size, shape, and apparent density which requires the same velocity of
clutriation as the soil units. The vertical veloeity of elutriation and the horizontal
velocity connected with erodibility (2} were found to vary directly with each
other, Consequently, the equivalent diameler can be defined wlso as o diameter of
s standard quartz grain which has an apparent density of 2,65 und an crodibility
cqual to that of a diserete soil unit of some particular diameter and apparent den-

. . od

sity. It is equal toz_ua
diameter 4. Ottawa sand, obainable commercially, and washed adluvial sit were
chosen as the standard. The shape of the Ottawa sand and of the alluvial sili
of uny dinmeter is nearly round, the butk density is aboot 1.53, and the apparent
and real density s ahowt 2,65 (2). Ottawa =and was separated into different size-
fractions by direet sieving. The silt was extracted from the alluvium first by dis-
persion of the alluvium ‘:md then by repeated sedimentation and decantation of
the supernatant suspension,

The vertical velovity of elutriation and the horizontal velocity connected with
erodibility vary with each other, provided the air turbulence, the nature and
degree of surface roughness, and numerous other possible conditions of the air
and of the =oll remain the same, In the field, these conditions vary (‘()nsi(l('t';l})ly.

where ¢ is the apparent density of o diserete s01l unit of

Tt is evident that the elutriator can be used, at best, as a tool for measuring onh-
the relative erodibility of the soil.

QUALITATIVE PERFORMANCE OF THE ELUTRIATOR
The fact that different thicknesses of cloth filter were used to preduce dilferent
vertical wind velocities raises noquestion whether a diffcrent performance in soil
trunsport is assoviated with the amount of cloth for a given veloeity. The vertical
veloeity required to ift siit particles and Ottawa sand grams of various dizmeters
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is shown in fignre 3. The velocity shown in figure 3 was recorded on several
oceasions with somewhat different thicknesses of eloth filter. The velocity ve-
auired to lift a given diameter was found repeatedly to be virtually the same.
The size of the standard sand lifted out of the elutriator duct was apparently
dependent on the measured vertieal velocity of the wind and not divectly on the
thickness of the cloth flter.

A second consideration pertaining to the dependahility of the elutriator is
connected with the question of how well individual results of elutrintion can he
reproduced for the same soil. Table 1 shows the results of elutviation repeated
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on two soils four times. Although the percentage of each size-fraction varied
considerably among the four series of tests, the mean weighted equivalent di-
ameter was fairly uniform for each soil. It will be seen that the largest deviation
from the mean among all of the determined increments of equivalent diameter
in the two soils was 3.4 per cent, and the smallest was 0.3 per cent. The weighted
mean eipuivalent diwmeters for soils A and B were 0.51 mm. and 0.78 mm., and
the maoximum deviations from the mean were 0.10 mm. and 005 mm.,
respectively. The results of elutriation are apparently reproducible.

A third consideration is whether the elutriator has the same performance re-
gardless of umount, size, and proportion of discrete soil units heing elutriated.
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Since a substantial pressure head was exerted against the filters and the soil
body, a variation in the volume of the soil units at the bottom of the elutriator
duct had no appreciable effect on the volume of the air coming out at the top
of the duet. If the velocity was increased gradually during elutriation, the con-
contration of soil units at the top of the duct was always negligible. Consequently
the velocity at that level remained the same for the same filters and opening of
the inlet vane, irrespective of the volume of the soil that was put at the bottom
of the elutriator duet. These facts are confirmed by results in table 2,

TABLE 1
Resulls of repeated elutriation on two soils
SOIL A 50IL B
FQUIVALERT DIAMETZR Distribution Mazimum Distribution Maximum
deviation deviation
1 2 3 4 Mcan from meax| 1 27| 3 4 |Mesn [rom mran
. %1 %% | % | % % | % | %% | % %
<0.044 4.7 6.3 5.4/ 4.995.3] 1.0 [[3.1]1.8 1.6/ 2.8 2.3 0.8
0.044-0.074 15.7(15.9115.5[15.2{15.6)/ 0.4 |1 2.9( 4.2 3.71 3.3 2.5/ 0.7
0.074-0.1 7.8[10.3} 8,9 9.6| 9.2 1.4 [ 3.6 2.8 3.6/ 2.93.2] 0.4
0.1-0.15 14.2(13.0{14.2{11.5[13.2] 1.7 [12.3/11.6/12.5(11.2!11.9] 0©.7
0.15-0.18 3.7,443.3/3.7,3.8 06 |7.216.0 6.4 6.9 6.6{ 0.8
0.15-0.25 13,9 9.7111.3110.0/111.2; 2.7 [[13.9}14.3(14.0{13.6/14.0/ 0.4
0.25-0.30 4.4/ 9.6/ 9.5 7.9 7.8 3.4 |4.47.9 6.1 6.7 6.3 1.9
0.30-0.42 9.2/ 9.2{ §.6{ 9.1/ 9.0 0.4 [16.9915.9{17.1{14.7|16.2] 1.5
0.42-0.59 4.8 6.4/ 4.71 6.5/ 5.6 0.9 || 8.8/ 6.0 6.9 8.7] 7.6 1.6
0.59-0.84 3.3 3.8/ 3.21 3.71 3.4 0.3 | 4.0/ 4.4} 3.9 4.1] 4.1 0.3
0.84-1.19 6.3 2.8/ 6.0 4.7/ 5.0f 2.2 [[3.87.3] 4.5 6.5 5.5 1.8
1.19-1.68 3.203.603.004.5{ 2.6, 09 I 55 6.8 8.3 8.6 7.3 1.8
1.68-2.0 2.7 3.5 2.9) 4.11 3.3] 1.4 [[2.7]3.00 2.9 2.1} 2.7 0.6
>2.0* 6.1/ 2.0, 3.6/ 4.8[ 4.1} 2.1 [10.8) 7.8 8,5! 8.0; 8.8 2.1
Weighted average equiv-
alent diamefer... mm. O.SSIU.-iI 0.480.56]0.51 0.10 10.830.76:0,780.770.78] 0.05

® Average assumed to be 4.2 mm.,

The results in table 2 demonstrate that varying amounts of soil up to 400 gm,,
or 260 ml., have no apparent efflect on the results of elutriation. Results on sam-
ples 1 and 2 show that irrespective of whether the amount of sand taken was
100 or 250 gm,, the proportion of a given size of sand unit blown out of the elutri-
ator under a given veloeity was virtually the same. This was true provided the
velocity of elutriation was very low at first and was increased pradually until a
desired velocity was reached. Thus, when 100 gm. of the standard quartz sand
(sample 1) that passed through a 0.23-mm. sieve was exposed to a 100 cm./sec.
air velocity, the amount left in the elutriator was 23.6 gm. On the other hand,
when 250 gm. was taken (sample 2}, the amount that remained in the elutriator
was 63.0 gm. or, on a proportional basis, virtually the same as in sample 1. It is
shown, furthermore, that the proportion of a given size of soil unit blown out of
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the elutriator under a given velocity is virtually the same irrespective of the
range of size of the soil units in the sample that is being elutriated. Thus, when
100 gm. of sand was mixed with 150 gm. of comparatively large ilt loam ag-
gregates not removable from the elutriator by the air velocity applied, the amount
of sand that remained in the elutriator after exposure to a given wind was vir-
tually the same as where the same sand alone was used (samples 3 and 4).

A slight discrepancy not directly due to the performance of the elutriator is
reflected in the results in table 2. It will be seen that a velocity of 180 cm./sec.
was sufficient to remove all but a trace of sand in samples 1 and 2. The trace was
relatively small proportion of sand of about 0.25 mm. made up of a heavier-than-
quartz mineral distinetly darker and readily distinguishable from the quarts

. TABLE 2
Elutriator performance with different amounts and proportions of discrete soil units
AMOUNT REMAINING IN THEE ELUTEIATOR AFTER LXTOSURE
TO AN AIX VILOCITY OF
;ﬁ::;tl MATERIALS AND AMOUNTE 10 m/m 180 cm_/ggc_
1 2 Average 1 2 Average
. m. m. e, . .
1 100 gm. of dune sand ranging | 23.1| 28.0| 25.6 0.2 0.2 0.2
up to 0.25 mm. in diameter
2 250 gm. of above sand 65.71 60.3{ 63.0 0.5 0.6 0,55
3 100 pm. of above sand and 150 .
gm. of irremovable silt Joam
aggregates 2.0-6.4 mm. in
diameler 173.4 | 174.4 | 173.9 | 149.2 [ 140.3 | 149.2*
4 230 gm. of above sand and 150 | 212.0 | 213.0 | 212.5 | 14B.6 | 148.2 | 148.4}
gra. of the silt loam aggre-
! gates

*0.15 gm. of which was dune sand.
1+ 0.1 gm. of which was dune sand.

grains. Since in samples 3 and 4 the same quantity of sand mixed with 150 gm.
of irremovable silt loam aggregates was used, it is logical to expect that the
amount left in the elutriator would be equal to 150 gm. of silt loam aggregates
plus a trace of the sand. Actually the total weight was slightly less than 150 gm.
The loss was due to abrasion of the silt loam aggregates during elutriation. This
loss was not appreciable, however, and was considerably smaller than the loss
ohtained when the aggregates were shaken for an equal time on a sieve.

The silt loam aggregates that remained in the elutriator were shaken on a
0.25-mm. sieve. The abraded portion that passed through the sieve was elutriated
at the same velocity as before. A trace of dark colored sand identical to that
found after elutriation in samples 1 and 2, and not found in the silt aggregates,
was recovered in every case. This trace of sand was unmistakably identified as
that portion originally helonging to the sand. The sffects of elutriation on sand
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were, therefore, the same, irrespective of the presence or absence in the elutriator
of a eomparatively large proportion of other irremovable soil units.

COMPARISON QF RESULTS QBTAINED WITH THE ELUTRIATOR AND WITH DRY-SIEYING

A comparison of equivalent diameter distribution of dry soil aggregates deter-
mined by elutriation and by hand sieving can be made from the results which

TABLE 3

Comparison of equivalent diameter distribution of dry soil aggregales determined by elubiiation
and by sieving

BY ELUTRIATOR BY SIEVING
) Soil A | Soil B Sail A Soil B
Equivalent diameter dﬁi:::ir Appar- | Average Appar- | Average
Amount [Amount d‘:nt_ e [Amount d':;'_ rar” [Amount
sity* [diametert! sity” |diametert
i, % % mm ma, o mm. %
<0.044 53] 2.3} <0.044 [2.09|0.017| B.7|2.01 |0.017| 2.3
0.044-0.074 1586 | 3.50.0440.074 2.08 | 0.046 | B.4 | 1.87 | 0.042 | 1.2
0.074-0.1 9.21 3.210.074-0.1 | 2.07 0068 | 5.1|1.68|0.055! 1.2
0.1-0.15 13.2111.9] 0.1-0.15| 2.06 { 0.097 [ 10.3 | 1.68 | 0.079 | 3.8
0.15-0.18 3.8 6.61 0.15-0.18 | 2.17 | 0.135| 5.5(1.65| 0,103 ] 2.7
0.18-0.25 11,2 14.0]0.18-0.25|2.14 | 0.174 | 12.4 | 1.88 | 0.136 | 9.1
0.25-0.30 7.8 6.310.26-0.30(2.08|0.216| 6.4|1.68]0.174 7.4
0.30-0.42 9.016.2{0.30-0.4211.94 | 0.264| 891,71 0.232{ 16.8
0.42-0.59 56 7.610.42-0.5911.77 | 0.337) 6.7]1.68) 0.320 | 13.9
0.59-0.84 3.4 4.1 (0.59-0.84}1.660.448| 55|1.63]0.430| 7.9
0.84-1.19 5.0 5.5 0.84-1.1511.49 [ 0.571 3.1 1.58 | 0.605 | 2.1
1.19-1.68 3.6 7.3|1.19-1.68 [ 1.46 ;1 0.700| 3.1 | 1.47!0.798 1.8
1.68-2.0 3.3 2.7]|1.68-2.0 1.47 | 1.021 2.7(1.89 | 1.14 3.9
>2.0 4.1 B.B8| 2.0-6.4 1,512,393 (13.21]1.59 ] 2.520{ 25.¢9
Weighted average
equivalent diame-
eter,, . ........ mm. | 0.51] 0.78 0.52 0.87

* Apparent density of discrete soil units is equal to 2.65 li53 in which p is the bulk density
of the sieve fraction.
. d
t Equivalent diameter is equal to ;_65 in which « is the apparent density of discrete soil

units of average diameter d.

were obtained on two widely different soils shown in table 3. The weighted aver-
age equivalent diameter determined by the elutristor was 0.51 mm. for soil A
and 0.78 mm. for soil B; by sieving it was 0.52 and 0.87 mm., respectively. Sieving
in both cases gave a slightly higher average equivalent diameter than elutriation.
The percentage difference was greater for soil B than for soil A. Because of the
shape of the soil grains, both the muagnitude and the trend of these differences
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vary as expected. The standard quartz grains are uniformly rounded. Particles
and aggregates in soil A, which was a sandy loam, were slightly more angular;
whereas those of soil B, a clay, were composed almost entirely of sharp-cornered,
irregularly shaped fragments broken off larger aggregates by a recent action of
wetting and drying and freezing and thawing,

Obviously, the greater the angularity of the discrete soil fractions, the lower
was the velocity required to lift them and, comsequently, the lower was their
equivalent dismeter. The differences in the average equivalent diameter deter-
mined by the two methods were not great, however, and seem to indicate that
shape is 2 minor factor in the transport of erodible units by wind. Apart from
these slight difierences, the results of analysis by elutriation compare favorably
with tbe results of sieving. The clutriation required only about 50 per cent of
the total time needed for sieving and for determining the apparent density of the
soil particles and aggregates in each sieve grade.

Since sieving wag done by hand, errors likely oceurred, depending on the
amount of judgment and vigor of the individual performing the sieving. A nest of
14 sieves was used. This number is too great to incorporate into a rotary sieve of
the type that was originally designed. The elutriator, on the other hand, can per-
form conveniently tasks for which a virtually infinite number of sieves of different
openings might be required.

The size distribution of soil particles smaller than 0.1 mm. in equivalent
diameter can be determined conveniently with the elutriator. Such determina-
tions carried out with flat sieves, on the other hand, are extreraely laborious.

DISCUSSIONS AND CONCLUSIONS

The vertical velocity required to hft different sizes of standard sand corre-
sponds closely to the generally accepted terminal veloeity of fall of quartz spheres
in air (6, pp. 57-64) for grains up to 0.6 mm. in diameter. For grains above this
size the vertical velocity becomes increasingly smaller than the terminal veloeity
of fall, The discrepancy probably is due to the turbulent nature of the air stream
in the elutriator. This discrepancy, however, has nothing to do with the reliability
of the elutriator. It is merely necessary that cach elutriator be calibrated for ver-
tical velocities required to lift the standard grains and to express the equivalent
diameter of the soil fractions elutriated in terms of the diameter of the standard
grains,

The msjor advantages of the air elutriator over a nest of sieves for determining
the dry aggregate soil structure seem to be as follows:

1. The air elutriator {acilitates a convenient determination of the equivalent diameter of
the erodible soil unita. It thereby obviates the necessity of running a separate determing-
tion of apparent dezsity. :

2. The proportion of the soil above and below any equivalent diameter can be determined
readily with the elutriator. With sieves, only the proportion of the 8oil above and below
a linited number of fixed diameters, which often have no relationship to the equivalent
diameter, can be determined.

3. Contrary to the sleving technique, the ¢lutriator fucilitates the determination of the
poasible effects of shape of the discrete soil units on erodibility,
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4. The distribution of fine dust can be determined somewhat mare readily on the elutriator
than by sieving.

5. Boil nggregates are less abraded on the elutriator than on sieves, especially on a veat of
flat sieves.

Some of the drawbacks or imperfections of the elutriator are as follows:

1. A sudden increase of velocity in the elutristor csuses an upward burst of a mass of goil
uiita. This causes the removal of some soil unils larger than the ones which would have
been removed if the velocity were incrensed gradually. This type of error is dependent
on the degree of care exerciged by the operator. Contrary to results from the rotary
asieve (1), the results of elutriation may be influenced by a personal factor.

2. The results of elutriation are ot so consiatent as those with the rotary sieve. They
may be equally consistent with those determined with a next of flat sieves,

3. The elutriator delermines the equivalent diameter of discrete soil units on the basis of
gir velocity applied. The air velocity has to be walched carefully during elutriation and
adjusted if and us necessary. The sieves, on the other band, have a fixed size of opening
which needs no watching.
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