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Improved Rotary Sieve for Measuring State and Stability
of Dry Soil Structure!
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ABSTRACT

An improved rotary sieve designed to overcome the limita-
tions of the original sieve (1) was constructed and thoroughly
tested.

The improved apparatus is capable of separating dry soil in
one operation into any number of dry soil fractions up to 14.
The operation requires little technical skill. The results of siev-
ing arc independent of personal judgment.

The apparatus was found useful for determining the relative
mechanical stability as well as the state of aggregation of soil
in a dry condition. Mechanical stability, as determined from
the relative resistance of soil aggregates to breakdown by re-
peated sieving, varied directly with the resistance of the soil
aggregates to abrasion by wind-blown soil materials. Abrasion
is one of the serious aspects of erosion of soil by wind.

The rate of breakdown of soil aggregates varied exponentially
with the number of sievings. Assuming this type of relationship
to extend beyond the experimental range, the amounts of some
particular size of aggregates present in soils before sieving were
estimated.

THE rotary sicve previously described (1) has been
indispensable in studies of soil structure as related
to erodibility by wind. As the studies progressed it
became apparent that for thorough evaluation of
erodibility it was neccessary to separate the soil into as
many as 12 erodible and several nonerodible fractions.
That sieve failed in this requircment, since it was
capable of separating the soil into a maximum of
seven fractions of which only two were erodible. The
original apparatus was likewise inadequate for deter-
mining the size distribution of soil fractions trans-
ported by the wind. Another limitation of the original
apparatus was the inadequate fceder device. Hand
feeding of the soil into the upper feed opening was
time-consuming. The lower feed opening was unsuited
for soils which contained large amounts of crop resi-
dues.

An improved rotary sieve dcsigned to overcome
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these limitations was constructed and thoroughly
tested. A description of the qualitative performance

of the apparatus for measuring the state and stability
of soil structure condition is presented.

Description of Rotary Sieve

The rotary sieve is essentially a rotating nest of
eoncentric cylindrical sieves of various diameters. The
apparatus is in two sections, one mounted above the
other. The upper section can be used alone, or the
upper and lower sections can be used together, de-
pending on the number of sieves required. The cy-
lindrical sieves are removable. This enables the oper-
ator to make up a nest or nests of sieves containing
any desired number of sieves up to seven in cither
section. Size and other specifications of the sieves are
given in table 1. If the maximum number of 13 sicves

Table 1.—Specifications of concentric cylindrical sieves of the
rotary sieve apparatus.

. . Length of cylinder
Sieve Sieve | Diame-
num- | open- ter of | Upper | Perforated | Lower
ber ings | cylinder | portion portion | portion | Total
l mm inches | inches inches l inches I inches ‘
Upper Section
1| 381 6% 1 314 223 | 27
2 127 91 14 33, 181 | 2314
3 6.4 11 1Y% 4y 15 204,
3ol o238 | 12K | 1o, | 1y |18
5 1 119 | 13y 2 515 8 155
6 | 084 144 21 53, 45 | 1215
7 | 042 1514 v324 6 14 93,
Lower Scction
8 ' 0.9 61 i 7 * 20y | 2813
9 1042 7 114 714 171 126
10 + 0.297 8 114 8 [ 14 ) 2314
11 0.210 9 13, 814 103, 21
12§ 019y 10 2 9 7Y 1 1815
13+ 01051 11 214 914 417 |16
14 0.074 | 12 214 10 [ 1 | 131
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1s to be used, sieve number 7 of the upper section is
removed. If only the upper section is used, any or all
ol the appropriate sieves can be used, including sicve
number 7. The apparatus assembled to separate the
soil into 13 possible soil fractions is shown in figure 1.
The essential fcatures of the apparatus are shown
diagrammatically and to scale in figure 2.

Each sieve has a perforated area which extends com-
pletely around the circumference of the cylinder. The
perforations are squarc openings placed as close to-
gether as possible. The rclative position of the per-
forated arca in cach cylinder is shown in table 1. Sieve
openings of 14 inch or greater are actual perforations
in a 24gauge galvanized sheet metal of which the
cvlinders are composed. Openings smaller than this
are composcd of wire sicves soldered to the sheet metal
and suitably reinforced.

The essential parts common to all rotary sieves can
be observed from figure 2. These parts are: a circular
flange 4 composed of a mectal plate 14 inch thick and
18 inches in outer diamcter, the upper portion B, the
perforated area C, and the lower portion D. Dimen-
sions of cach of these parts are given in table 1. A
nest of any number of sieves can be made up by stack-
ing the cylinders one outside the other and bolting
flange 4 of cach cylinder to a circular hub-board E.
The hub board is composcd of plywood 14-inch thick
and is fastened to a cylindrical hub F. The hub rides
on two 2-inch diameter idling V-pulleys G with centers
4 inches apart. An inverted V-track H fastened around

.t\,-u"-f&u-.d".* $Hs RFR
CW ) led to separate the
soil into 13 possible size-fractions.

the outside of the rotating hub rides on the pulleys
and keeps the sieve cylinders in place. Another V-
track H’, fastened on the outside of the cylindrical
hub, acts as a scat for a drive belt. "The whole hub sec-
tion can be removed mercely by disengaging the drive
belt. An identical hub scction is used for the lower
sieve section.
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Fic. 2. — Diagrammatic representation of the rotary sieve shown in figure 1.
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Spacing of cylindrical sieves is determined on the
upper end by the position of the holes in Hange 4
through which bolts arc inscrted. Spacers (not shown
in figurc 2) are used on the lower ¢nd. The spacers are
composed of four to cight stove bolts of appropriate
length passed through the wall of the larger cylinder
and butted against the next smaller one. Nuts tight-
ened against the larger cvlinder keep the bolts in
place. To replace a cylinder it is necessary to loosen
the nuts.

The cvlindrical sieves are sloped 4 degrees from the
horizontal as in the original apparatus (1). The upper
end of the nest of sieves rides on two idling pulleys G,
and the lower end is suspended on a 14-inch round
leather belt. The belt runs around the outside of any
one of the cylindrical sieves and over an idler pulley 7
on top of the apparatus. Two other belts are strung
around the cvlinder and over idling pulleys (not
shown in figure 2) on cach side of the apparatus to
prevent any side swing that might occur. The pulleys
can be slid on a horizontal shaft to any desired position
and arc held in place by a pair of collars. Belts are
removable. Belts of different lengths are available for
usc, depending on the diameter of the rotary cylinder
on which thev ride.

A sample of soil to be sieved is placed in a hopper J.
The hopper has an open bottom. The cross-sectional
dimension of this opcning is 314 inches square. The
opening fits against a horizontal convevor belt K
which carries a stream of soil into the apparatus. The
speed of the conveyor is 5 inches per minute so that
the volume of soil-flow into the apparatus is about 60
cubic inches per minute. The conveyor is driven by a
shalt of 1-inch diameter connected to a drive pulley L.

The soil slides through chute M and inside the hub
section . From there it slides through the rotating
sicves, is separated into various size-fractions, and is
deposited in travs at N. The spced of rotation of sicves
of the upper and lower sections is 7 r.p.m. Chute M
is mounted on a hinge so it can he raised to facilitate
insertion and removal of the hub section F and the
nest of sicves. .\ spring (not shown in figure 2) holds
chute M in proper position.

If only the upper scction is to he uscd, the bcl.t
which drives the mechanism of the lower section is
disengaged and the section is placed on a table. A tray
is placed under the finest sieve in place of hopper O.
If both sections are used the soil [raction passing
through the finest sieve of the upper section falls into
hopper O and passes through a sct of still finer sieves
of the lower section. Hopper O of the lower section
has an opening T-inch wide and 2-inches high. The soil
is conveved into the lower sicve section the same way
as into the upper section. The speed of the lower
convever bele is 5 inches per minute. Speeds greater
than this mav cause incomplete sieving through the
finer sicves. The volume of soil-flow into the lower
section is about 10 cubic inches per minute.

Some marginal sizes of soil fractions lodge in the
openings of the steves, Also dust. even when dry, sticks
to metal surfaces and does not pass readilv, especially
through the finer sicves. To factlitate passage of these
materials through the sieves, a tapping device (shown
separately in fiqure 2y s used on the upper and the
lower sections, The deviee taps against the lower por-
tion of the outer evlinder of cach section. The essential

parts of the device are: weight P, belt @, and spiral
cam and pulley unit R. The cam and pulley unit is
mounted on a horizontal shaft and is adjustable for
position vertically by a pair of arms § and horizontally
by a pair of shaft collars. Power is supplied from any
one of the rotating cylinders T. Belt Q) is replaccable
and adjustable for any length, depending on the size
of cylinder T. The drop on the spiral cam is 0.75 inch
and the drop of the weight against the cylinder is 2
inches. The weight P weighs approximately 2 pounds.

Power is supplied from an electric motor U to a
50:1 speed reducer V. Pulley 1V drives the upper sieve
section along a track H’. Pulley X drives the conveyor
pulley L through a pair of intermediary pulleys fas-
tened to a horizontal shaft not shown in figure 2.
Pulley YV drives pulleys Z, A%, and B’, which are fas-
tened to the nearly horizontal shaft C’. Pulley B’ drives
pulley D’ by half twist of a belt and through an appro-
priate belt guide not shown in figure 2. Pulley Z drives
the lower sieve section along a V-track E’.

The hopper openings are large cnough to provide a
uniform flow of soil containing virtually any amount
of crop residue and any proportion of clods up to 2
inches or more in diameter. Clods much larger than 2
inches are picked up by hand and placed directly into
the appropriate tray ready for weighing.

A small amount of dust is usually carried away by
air currents during sieving. It is important that the
soil sample be weighed prior to sicving to determine
the amount of dust lost, if any. This amount could be
added to the amount of the finest sieve fraction.

Qualitative Performance of the Rotary Sieve

Soils of various textures were oven-dried at 175° F
and sieved repeatedly to determine the qualitative per-
formance of the rotary sicve apparatus. Soil samples
weighing at least 2,000 grams were used. Samples of
very cloddy soils weighed at least 5,000 grams. The size
of sample did not influence the qualitative perform-
ance of the rotary sieves because the volume of the soil
stream in and out of the apparatus was constant. Due
to this unique performance of the rotary sieve, the
effect of time of sieving as conventionally performed
with a nest of flat sicves could not be employed. In-
stead. sieving was repeated on samples of five widely
different sotls.

The soil aggregates broke down to some degree un-
der repeated sievings (table 2). Large clods appeared
to break down more than the smaller clods. It will be
scen also that the degree of breakdown varied widely,
depending on soil texture. There was virtually no
breakdown of silty clay aggregates during repeated
sicvings. The coarser the soil texture the greater was
the degree of breakdown.

The greatest breakdown of aggregates in all soils
occurred during the first sieving. Subsequent sievings
broke the aggregates less and less (table 2). By plotting
the number of sievings against the logarithm of the
pereentage weight of aggregates greater than some
particular diameter, the distribution curves became
straight lines, as shown in figure 3. Evidently the rate
ob ageregate breakdown under repeated sieving obeys,
over the range investigated. the experimental law of
decay. This tvpe of relationship seems to permeate the
whole subject of erodibility of soil by wind.

The quantty of some particular diameter of soil
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Table 2.—Size distribution of dry aggregates after repeated sievings on rotary sieves (averages of duplicated tests).

1 Aggregate distribution by weight
] I\uml)u :
Soil class | | 380 | 127- | 635~ | 2.38- 119~ | 0.84- | 0.59- | 0.42- [ 0.207- | 0.210- | 0.149- | ]
smmz 127 1 635 | 238 | 1.19 84 0.59 | 0.42 10297 | 0.210 | 0.149 | 0.105 | <0.105
) mim mm mm mm mm mm f mm mm mm | mm mm mm mm
S| % | G| %l % | % | % | % | e | %% | %o
Sandy loam 1 9.6 23.8 11.0 7.8 3.8 1.0 0.7 0.7 1.4 1.4 4.9 5.4 28.5
2 7.8 20.6 10.2 7.2 3.4 0.9 0.6 0.6 1.8 1.4 4.6 7.3 33.60
3 50 | 19.8 9.8 6.8 3.2 0.9 0.6 0.7 2.3 1.6 5.2 9.8 34.3
4 4.4 17.4 9.2 . 6.2 3.0 0.8 0.5 0.6 3.3 1.4 4.9 10.1 38.2
Loam 1 4.2 16.7 8.4 12.6 8.5 5.2 3.4 3.4 6.4 1.9 3.2 4.9 21.2
2 3.7 16.4 8.5 12.0 8.5 4.0 3.2 3.4 7.0 2.0 3.4 5.0 22.9
3 3.4 14.0 8.3 11.6 8.2 4.0 3.4 3.4 6.6 2.1 3.6 5.6 25.8
4 2.6 13.5 8.1 11.2 8.2 4.0 3.4 3.8 7.3 2.0 4.4 4.5 27.0
Silt loam 1 8.9 23.4 12.2 10.0 6.4 2.9 2.8 2.8 4.0 2.2 23 2.4 19.7
2 6.0 | 248 | 11.9 9.7 6.4 3.0 2.6 3.0 4.0 2.1 2.5 2.8 21.2
3 6.6 21.0 11.4 9.9 6.5 3.2 2.5 3.0 4.0 2.2 2.6 2.8 23.7
4 4.0 22.2 11.4 9.6 6.2 3.1 2.5 3.0 4.4 2.1 2.0 3.0 25.9
Silty clay 1 16.4 30.8 12.8 11.2 12.2 4.8 3.0 0.9 1.8 0.9 0.8 0.3 4.1
loam 2 15.9 | 29.8 | 127 | 11.3 | 12.4 4.6 3.0 1.0 1.8 1.0 1.0 0.4 5.1
3 14.2 30.2 12.6 11.2 12.4 4.8 2.2 1.2 2.1 1.0 0.9 0.4 6.8
4 15.3 28.4 12.4 11.3 12.6 4.8 2.4 1.4 2.4 1.2 1.2 0.6 6.0
Silty clay 1 1.0 6.9 15.4 19.5 9.5 4.8 18.8 6.4 10.1 3.4 1.8 0.8 1.6
2 0 6.9 15.0 19.6 9.6 4.8 18.8 7.0 10.0 3.2 1.9 0.6 2.0
3 0 0.0 15.0 19.7 9.6 4.8 19.0 7.2 9.8 3.2 1.8 0.6 3.3
4 0 5.6 14.7 19.6 10.0 4.8 18.9 7.4 9.8 3.2 20 | 006 3.4
aggregates as determined by sieving rcpresents the 160+
original quantity modified to some degree by the
amount ot aggregated breakdown caused by the siev- N
ing. The quantity of aggregates beforc sieving was Te- ——
estimated by projecting the straight-line curves of fig- 90 —
P / R < . . '\
ure 3 to the ordinate (zcro number of sievings). Some *
speculation at once arises as to the justification and
accuracy of these estimations. The extrapolation of the Tme—— e R
existing data is based on the assumption that the same 80-] 4 .
law which governs the aggregate breakdown by sieving
extends beyond the investigated range. This assump-
tion may well be inapplicable despite the fact that all
of the available data seem to fit the law. The accuracy ~ - o
of the estimates, justifiable or otherwise, would de- 70 =

pend on how closely the determined values fit straight-
line curves. The accuracy may be enhanced by repli-
“cation. Sieving tests carried in duplicate appeared to
be quite sufficient.

The relative resistance of soil aggregates to break-
down by sicving was found previously (3) to vary
dircctly with resistance of the aggregates to abrasion
by wind-blown soil matcrial. Abrasion is one of the
serious aspects of crosion of soil by wind. Some idea
of the relative resistance of soil to abrasion can be
obtained from the relative mechanical stability of soil
agaregates. The stability as determined from the de-
gree of resistance of soil aggregates to breakdown by
sieving can be cvaluated from the curves of figure 3.
The greater the slope of the curve, the lower is the
mechanical stability of the soil aggregates. This sta-
bility can be evaluated also from the percentage re-
duction in weight of dry aggregates duc to repeated
sieving. as shown in table 3.

The reductions in the weight of dry aggregates un-
der repeated sieving shown in table 3 are based on
individual averages of duplicated tests. The experi-
mental errors of measurement are involved in these
data. A morc accurate set of values can be obtained

\
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14
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Fic. 3. — Loss in weight of dry aggregates duc to repeated sievings
on the rotary sieve.



Table 3.—Reduction in weight of dry aggregates due to
repeated sieving on rotary sieves.

Number | Reduction in weight of aggregates
Soil class of > 0.42 mm*
sievings
Nest of 12 sievest | Nest of 2 sievest
o %o
Sandy loam 1 5.8 3.0
2 12.9 8.6
3 17.4 . 10.4
4 221 12.1
Loam 1 2.7 2.0
2 5.4 4.1
3 8.8 5.9
4 10.3 7.3
Silt loam 1 31 1.4
2 5.1 2.6
3 8.4 3.8
4 10.5 5.6
Silty clay loam 1 1.4 1.2
2 2.8 3.0
3 4,7 4.2
4 4.9 4.7
Silty cla 1 0.3 0.1
v 2 0.9 0.3
3 1.3 0.6
4 1.6 0.8

*Original weight of aggregates >0.42 mm determined by extrapolation as in
figure 3.

tAll but sieves number 7 and 14,

1Sieves number 3 and 7.

from the position of the curves of figure 3 rather than
from the position of the determined values.

It will be scen from table 3 and also from figure 3
that the order of mechanical stability is more or less
the same irrespective of whether it is based on the
degree of resistance of soil to breakdown under the
first or on that of any of the subsequent sievings. A
convenient method of estimating the relative mechani-

cal stability would appear to be to repeat the sieving
once and to base the relative stability on the percent-
age breakdown of soil aggregates due to the second
sieving, proper regard being given to the number of
replications required for accuracy of the results.

Both the state and the mechanical stability of the
dry soil structure have a profound influence on erodi-
bility by wind, and both vary independently with
numerous factors as shown by previous studies (2, 3).
Thus, repeated dry sieving measurements assume ma-
jor importance as a means of indirect estimation of
the amounts of removal and the amounts of abrasion
of the soil by erosive winds.

The number of sieves used in the rotary sieve ap-
paratus also influenced the amount of aggregate break-
down to some degree. As shown in table 3, the amount
of breakdown of aggregates greater than 0.42 mm
when 12 sieves were used was, on the whole, somewhat
greater than when 2 sieves were used. Due to these
differences it would seem advisable to use the same
number of sieves in all comparable tests.

The results of sieving with 7 sieves of the upper sec-
tion of the improved apparatus and with the 6 sieves
of the original apparatus (1) showed that the improved
apparatus broke up the larger aggregates slightly less
than did the original, probably due to the shorter
cylinders and perforated areas of the improved appara-
tus. Thus, the proportion of aggregates >0.84 mm in
silt loam soil obtained with the improved sieve was
62.4% as compared to 60.5% obtained with the origi-
nal apparatus. The proportion of fraction <0.42 mm,
based on duplicated determinations, was 31.19% with

the new apparatus as compared to 31.39% with the
original.
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