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

ABSTRACT 

An improved rotary sieve designed to overcome the lirnita- 
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 lractions up  to 14. 
The operation requires little technical skill. The  results of siev- 
ing arc independent of personal juclgment. 

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 hy 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 c.xterld beyond the experimental range, the amounts of some 
particular size of aggregates present in soils before sieving were 
estimated. 

HE rotary sicve previously described (1) has been 
T i n c i i s p s a b l e  in studies of soil structure as related 
to erodibility by wind. As the studies progressed it 
bccame apparent that for thorough evaluation of 
erodibility it was ncccssary to separate the soil into as 
many ns 12 crodible and several nonerodible fractions. 
That  sieve failed in this requirement, since it was 
c a p b l c  ot separating the soil into a maximum of 
sevcn tractions of which only two were erodible. The  
originxl apparatus was likewise inadequate for deter- 
mining the size distribution of soil fractions trans- 
ported by r l~c  wind. Another limitation of the original 
a p p - a t n s  was the inadequate lcedcr device. Hand 
fccding o f   lie soil into thc upper fced opening was 
timc-consuming. Tlic lowcr fccd opcning was unsuited 
for soils which cont:iinecl largc amounts of crop resi- 
dues. 

An improved rotary sievc dcsigned to overcome 
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these limitations was constructed and thoroughly 
tested. A description of the qualitative pcrformancc 
of the apparatus for measuring the state and stability 
of soil structure condition is presented. 

Description of Rotary Sieve 
T h e  rotary sieve is essentially a rotating nest of 

concentric cylindrical sieves of various diameters. The  
apparatus is in two sections, one mounted abovc the 
other. T h e  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 opcr- 
ator to make up  a nest or nests of sieves containing 
any desircd number of sieves up  to sevcn in cithcr 
section. Size and othcr specifications of the sieves are 
given in table 1. If the maximum numbcr of 13 sicves 

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

I I I 
Length of cylinder 

- I 1 -  I- 

) rnrn / inches / inches / inches I inchcs 

Upper Section 

38.1 6 ! $  1 3% 223: 
12.7 3 18% 
6.4 4% 15 

43,  11% 
5 f i  8 
5 3 ,  4 %  
6 1% 

Lower Scction 

Total 

- 
inches 

27 
2354 
20'4 
18 
I 5 !,; 
12J4 

9 ; ,  
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Spacing of cylindrical siciw is rletcrmined on the 
upper end 11y the position of thc llolcs in flange A 
t h r o u ~ h  whicll bolts arc inscrtcd. Spacers (not shown 
in figi~rc 2) are used on the lower end. The  spacers are 
co~nposccl of four to cigllt sto\.e l)olts of appropriate 
length passctl t11ro11gh thc nxll of the Iargcr cylindcr 
ant1 I)u~tctl against thc ncst bmnllcr one. Nuts tight- 
cnctl ;~g:linst tllc 1:rrgcr cylinclcr kccp the bolts in 
place. T o  rcpl;~cc :L cylintlcr it  is necessary to loosen 
thc nuts. 

TIIC cy I intIric.aI s i e l u  nrc sloped ,k tlcgrces from the 
llorizontnl ns in the original ;Ipprntus (I). T h e  upper 
entl oT illc nest of sieves ritlcs on two idling pulleys G, 
:~ntl tllc lower cntl is suspcntlcd on a \h-inch round 
leathcr I~clt .  T l ~ c  I x l t  runs around thc outside of any 
onc of the cylintlrical sievcs and over an idlcr pulky I 
on top of the npp:lrati~s. T ~ v o  otllcr belts are strung 
arountl tllc cylintlcr nntl over idling pulleys (not 
shown in figulx 2) o n  c-ach sitlc of thc apparatus to 
prevent any side swing that n ~ i g l ~ t  occur. Tllc pulleys 
can bc slid on n horizontal sl~aft  to any dcsired position 
antl ;Ire hclcl in plncc by a pair of collars. Belts are 
removnl)lc. Bclts of tliffcrcnt lengths are available for 
usc, tlcpcntling on tlic tliamctcr of the rotary cylindcr 
on whicll thcy ridc. 

A samplc of soil to be sicvcd is placed in a hopper J. 
T l ~ c  Iloppcr h;rs nn oprn I~ottom. T h c  cross-sectional 
dimension of this opcning is 9!/' inches square. T h e  
opening fits ; ~p i r l s t  ;I 11orizont:d conveyor bclt K 
wliicl~ carries n stream of soil into the nppnratus. T h e  
spcctl of tlic convcvor is 5 inches per minutc so that 
the ~ o I ~ ~ n l c  of soil-flow into the nppnrntus is about 60 
cul~ic inchrs pcr minute. Tllc conveyor is driven by a 
shalt of I-inch tli;~lnctcr conncctetl to a drivc pulley L. 

Tllc soil slitlcs t11roug.h churc .\I and inside thc hub  
section F .  From thcrc ~t slitlcs throu& the rotating 
sicvcs. is scpnrntctl into various six-fractions, and is 
dcpositctl in trays a t  AT. Tlie spcctl of rotation of sieves 
of tlic III) I )CI-  m d  lowcr sections is 7 r.13.m. C l~u t c  LV 
is mor~ntctl o n  ;I llingc so it c-nn l)c raised to facilitnte 
inscrtio~l and mnnvnl of tllc 11~11) section I; and the 
nest of sic\.cs. .\ spring (not sllown in fisure 2) llolds 
chutc .\I in propcr position. 

If only the llppcr scction is to be uscd, thc belt 
w l ~ i c l ~  tlri\.cs the ~n t , c l~ ;~n i sn~  of the lowcr section is 
tliscng:~gctl :~ntl  tllc scction is placed on n tablc. ;I tray 
is pl;~cctl untlcr the fincst siclrc in plncc of hopper 0. 
T E  I)oll~ wctions ;ire 11sctl thc coil Crnction passing 
t l ~ r o ~ ~ g l ~  r l~c  finest sicvc. of t l ~ c  upper scction falls into 
I ~ ) l ) l ) c ~  0 :~nt l  ~ X W C S  thro11~l1 ;I s e t  of still fincr sievcs 
o f  tllc lolt.cr s cc t i o~~ .  I-Ioppcr 0 of the lolvcr section 
h;~s an o l x ' n i n ~  I - ~ I I ~ I I  \vide :111tl 2-incl~cs lli$l. T h e  soil 
is cx)n~.c'!xd into I llc 1 o w t ~  sic.~,c sect ion the same way 
11s into t l ~ e  II I ) IXT section. Tllc spectl O E  thc lo~rcr  
convcvcr 1)clt is 3 inrl~cs per 1nin11tc. Spccds grcnlcr 
r l u11  this m;lv (.nuso inco~ul)l~.tc cicving tln-ougll the 
filler hic.\.cs. TIIC. r .ol~~lnc oC soil~flow into thc lolvcr 
scwion is :II)OLIC 10 (11i)ic incI~(~s 1)Cr ~n inu tc .  

Son~c  i n n r q i ~ ~ : ~ l  $ires O E  soil rr:lctions lotlge in the 
ol)cwinqs of t1lc sic%vcts. . \ lw t l ~ ~ s t .  cvcn \vllcn tlrv, sticks 
to 1nc1:11 ~ l r l ' . ~ c w  ;111tl  doc^ 11ot 1);1js rc;~tlilv. csl)ccially 
111ro11yl1 111c Iin(~r j ic. \ . (x '1-0 l ' : ~ c i l i ~ : ~ ~ c  ~);I\S:I:C of t h c ~  
~ n ; ~ t c r i ; ~ l  t111~011q11 1 1 1 1 5  \ic\.('\. :I  t;ll)l)i~iq tlc,~.ic-c ( ' sho~vl~  
w ~ ~ ~ ~ r : ~ t t ~ l v  in ( i q t ~ ~ x ,  2 )  is 1 1 v d  011  t h v  111)per ; I I > ~ \  I I I ~ ~  
Io~vc~. \c~-riollr. Tllv tle\.irc r;lpc ; ~ y : ~ i ~ l \ t  1 1 1 ~  l o w r  par- 
tion 0 1  t l ~ c  011tc~r ( \  1i11(lcr oc ( ~ . I c I I  q,ytio~i. T11c csm1ti:11 

parts of the device are: weight P, belt Q, and spiral 
cam antl pullcy unit R. T h e  cam and pullcy unit is 
mounted on a horizontal shaft and is adjustable for 
position vertically by a pair of arms S and horizontally 
by a pair of shaft collars. Powcr is supplied Erom any 
one of the rotating cylintlcrs T. Bclt Q is rcplaccable 
and adjustable for any length, depending on the size 
of cylintlcr T. T h e  drop on the spiral cam is 0.75 inch 
and the drop of the weight against the cylinder is 2 
incllcs. T h e  weight P weighs approximaicly 2 pounds. 

Power is supplied from an  elcctric motor U to a. 
50: 1 speed reduccr V. Pulley TV tlrivcs tllc uppcr sieve 
scction along a track H'. Pulley X tlrives the convcyor 
pullcy L through a pair of intcrmediarv pullcys fas- 
tened to n horizontal shaft not shown in figure 2. 
Pulley Y drives pulleys Z, A', and B', which are fas- 
tened to the nearly horizontal shaft C'. Pullcy L?' drives 
pulley D' by half twist of a bclt and tlirough nn appro- 
priate belt guide not shown in figure 2. Pullcy Z drivcs 
the lower sieve scction along a V-track E'. 

T h e  hopper openings are large enough to provide a 
uniform flow of soil containing virtually any amount 
of crop residue and any proportion of clods u p  to 2 
inches or more in diameter. Clods much larger than 2 
inchcs are picked up  by hand and placcd clircctly into 
the appropriate tray ready for weighing. 

A small amount of dust is usually carried away by 
air currcnts tlurina sieving. I t  is important that the 
soil sample be wcighed prior to sicving to dctcrminc 
thc amount of dust lost, if any. This  amount could be 
atldccl to the amount of the fincst sieve fraction. 

Qualitative Performance of the Rotary Sieve 
Soils of various tcxtures werc oven-dried at 1'75" I; 

m t l  sievcd repcnteclly to detcrminc the qualitative pcr- 
formnnce of the rotary sicvc apparatus. Soil samples 
~vcighing at least 2,000 grams were uscd. Samples of 
vcry cloddv soils weighed at least 5,000 grams. T h e  size 
of sample did not influence the qualitativc pcrform- 
ancc of thc rotarv sieves because the volumc of the soil 
stream in and out of the apparatus was constant. Due 
to this unique performance of thc rotary sicve, the 
effect of timc of sieving ns convcnrionnlly performed 
with a ncst of flat sievcs could not bc employed. In- 
stcnd. sieving was rcpeated on samples of five tvidely 
tlificrcn t soils. 

T h c  soil aggregates broke tfown to some clcgree un- 
tlcr rcpeated sicvings (table 2). Large clods appeared 
to brcnk down more than the snl;~llcr clods. I t  will Ilc 
seen also that thc tlegrce of 1)rcnktlolvn varicd widcly, 
tlcpcnding on soil texture. Thcrc was virtually no 
Imnktlown of silty clay aggregates during repcated 
sic\.ings. T h e  coarser the soil testurc the grcatcr was 
the tlegrcc or 1)rc:tktlown. 

Tl ic  Ercntcst Imnktlown of ngqcgntcs in d l  soils 
occurrcti durins  the first sieving. Subsequent sievings 
I)rokc tllc :lggrcgntcs lcss and lcss (table 2). By plotting 
11ic numbcr of sicvings against the logarithm oE the 
p c ~ c c n t q c  weight of aggrcg:Ncs grcatcr than some 
prtic-ul:~r cli:~mctcr, the tlistribu tion curves Imamc 
tl.:light liucs. :rs sl~wvn in figure 3. Evidcntlv thc rate 
of :lggrcg;~tc I)rc:~ktlown untlcr rcpentcd sieving obeys. 
O\ c.1- t 111. I.:II~:'C i~~ \ . c~ t i g ;~ t c t l .  tllc t ~ p c r i ~ n c n t n l  law of 
t l t ~ . ; ~ \ f .  'Tllis ~ y p c  o f  rc~l;~tionship sclclns to permeate tllc 
~ v l ~ o l c  911l)jcc.t 01 '  cwdil)ility o f  soil by \\.ind. 

'I-11c c l~ :~nt i ty  of m n c  l)articr~l;ur di :~~nctcr  oE soil 
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Table 2.--Size distribution of dry aggregates after repeated sievings o n  rotary sieves (averages of duplicated tests). 

.-\ggrryatc distribution by wcigllt 

1.397- 
0.210 
rnm 

Soil class 

Sandy loam 

Loam 

Silt loam 

Silty clay 
loam 

Silty clay 

ag6rcgates as determined by sieving represents the 
orlginal quantity modified to some degree by the 
aniount of aggregated brcaktlown caused by the siev- 
ing. T l ~ c  quantity of aggregates bcfore sieving was 
estimated by projecting the straight-line curves of fig- 
ure 3 to the ordinate (zero number of sievings). Some 
speculation at once ariscs as to the justification and 
accuracy of these estimations. T h e  extrapolation of the 
esisting rlata is bawd on the assumlxion that the same 
law wh1c11 governs tlic aggregate breakdown by sieving 
extends bcyond the investigated range. This  assump- 
tion m;iy well bc inapplicable despite the fact that all 
of the available data seem to fit the law. T h e  accuracy 
of the estimates, justifiable or otherwise, would de- 
pend on liow closely the determined values fit straight- 
line curves. T h e  accuracy may be enhanced by repli- 
cation. Sieving tests carried in duplicate appeared to 
be quite sufficient. 

T h e  relative resistance of soil qgrcgates to break- 
down by sicving was found previously (3) to vary 
directly with resistance of thc aggregates to abrasion 
by wind-l)lown soil material. Abrasion is one of the 
serious aspects of erosion of soil by wind. Some idea 
of the relntivc resistance of soil to abrasion can be 
obtained from the rclative mechanical stability of soil 
aggregates. T h e  stability as determined from the de- 
gree of resistance of soil aggregates to breakdown by 
sieving can bc cvaluntctl from the curves of figure 3. 
T h e  greater the slope of the curve, the lower is the 
rneclianical stability of the soil aggregates. This sta- 
bility can he cvaluatctl also from the percentage re- 
duction in weight of dry aggregates due to repeated 
sie~ring. :is shown in table 3. 

T h c  reductions in the wcight of dry aggregates un- 
der rcpcatctl bicving sl~own in table 3 arc based on 
inrlivitlunl nvcragcs of duplicated tests. T h e  espcri- 
nicnt;~l errors ol mcasrlrcnwnt arc invol\~ctl in these 
data. :I more accurate set of ~ a l u e s  can be obtained 

- 
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0 

\ 
\Y 

o X LOAM SANDY LOAM \lo 
1, SILT LOAM 

0 SILTY C L A Y  LOAM Y 

A SILTY CLAY 

4 0  
0 I 2 3 4 

NUMBER OF SlEVlNGS 
FK.. 3 .  -Loss in w ight  of d r y  aggregates tlite to rcpcatetl sicvings 

on thc rotary sieve. 



Table 3.-Reduction in  weight of dry aggregates d u e  to 
repeated sieving on  rotary sieves. 

Soil class 

Sandy loam 

Loam 

Silt loam 

Silty clay loam 

Silty clay 

Reduction in weight of aggregates 
> 0.42 mrn* 

Nest of 12 sicvcst 

* O r q ~ n a l  w c ~ g h t  of aggregates >0.42 m m  d e t e r m ~ n e d  b y  c x t r a p o l a t ~ o n  as i n  
fieurc 3 - .  

thll but  sieves n u m b e r  7 and 14.  
tSievcs number 3 a n d  7 .  

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

It will bc seen from table 3 and also from figure 3 
that the order of mecl~anical stability is more or less 
the samc irrcspcctivc of whcthcr it is based on the 
dcgree oE rcsistancc oE soil to breakdown under the 
first or on that of any of the subsequent sievings. .A 
convcmicw t method of estimating thc 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 oE 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 i t  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. T h e  proportion of fraction <0.42 mm, 
based on duplicated determinations, was 31.1% with 
the new apparatus as compared to 31.5% with the 
original. 
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