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VARIABILITY OF THE POROSITY OF CEREAL
GRAIN LAYER UNDER THE INFLUENCE OF STATIC LOADING

Stanistaw Grundas, Bogustaw Szot, Wanda Wosniak

INTRODUCTION

The optimization of the processes of drying and storage to a large
degree depends on the porosity of grain layer, the value of which is
determined by the shape of grains, their geometrical dimentions, the
state of their surfaces and their mutual positioning in the layer [3, 4].

Increase of contamination, increase of moisture, and, at the filling of
containers, the phenomenon of self-sorting and the increase of the height
of layer are the main factors influencing the decrease of porosity. If the
elimination of the first three factors is not now a greater problem, it
seems purposefull, for economic reasons, to increase the height of the
column of grain stored in silos [1, 6].

In connection with this it seemed right to undertake investigations
on the determination of the influence of static loading on the porosity
of cereal grain layer.

METHODOLOGY OF INVESTIGATIONS

The object of the investigations was grain of 4 chosen varieties of
the basic types of cereals coming from the harvest of 1975 in the
Experimental Station of Evaluation of Varieties is Czestawice (Lublin
district). In the initial stage of the experiment, with the help of a pressure
porometer, we determined the state of the initial porosity, that is the
porosity of a loosely heaped layer of grain [5]. Then we passed on to
recording the course of changes of the normal strain (operating on the
layer of grain in the measurement cylinder) in function of the volumetric
deformation of this layer (Fig. 1).

The process of static loading was realized on the universal resistance
apparatus Instron model 1253 at a constant deformation rate V, =
10 mm/min. The character of the course of the curve at compressing the
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. i Fig. 1. Diagram of the measuring system

grain layer obtained from the recorder of the machine is equivalent to
the curves of compression for other loose media, like among others
soils [2]. ‘

The investigation material subjected to loadings diminished the state
of its porosity by’ gradual compacting. In order to analyse the influence
of loadings on the change of porosity of grain layer it was necessary to
determine first the relation between the volumetric deformation and the
porosity of the investigated layer of grain. Therefore the following
considerations on the change of the air content in the measurement
cylinder filled with grain were made (Fig. 2), at the assumption that
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Fig. 2. Diagram of the measuring system:
a — before loading, b — after the loading
of grain mass

the volume of grain does not change in the process of compressing
(V. = const).

The porosity of grain layer in loose state is expressed by the for-
mula: |

Voo
Vz "" Vpo ?

P, =

where:
Vpo — volume of air (cm?),
V., — volume of grain = const (cm3).
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After the loading the porosity will be

Vpi
Px o Vz + VPi g (1)
where:
Vi — volume of air in the intergrain spaces after loading (cms?).
In turn
Vpi = Vpo —V,
where: »
V, — volume of air displaced by the piston in the process of com-

pressing.
Assuming a constant intersection of the sample and considering that

¢ = h/hy,, where h, — equivalent to the initial height of the sample of
grain, the following relation was obtained:

P,— ¢
bo=q—2" @

Hence it follows that the basis for the determination of the loaded
layer of grain is the knowledge of the deformation of the column of
grain — ¢ and the initial porosity — P,.

, Then for every value of loading (at a determined step of compressing

equal 2-105 N/m? in the range 0—80-10° N/m?) corresponding to a certain
deformation was assigned a value of porosity determined from formula
[2], obtaining a set of points of co-ordinates (03— P;). This the course of
the change of porosity in function of static loadings of grain layer was
obtained.

DISCUSSION OF THE RESULTS

The relation P = P (o) was described, with the help of numerical
methods, by an equation of the type:

P,expac? +bo o< 10-10° N/m?

P —
(@) {dexps o o >10- 105 N/m? (3)

The obtained coefficients P,, a, b, d, and s for the investigated va-
rieties are presented in Table 1. Graphic illustration of the considered
relation is presented in Figures: Fig. 3 — for winter wheat, Fig. 4 —
for spring wheat, Fig. 5 — for rye, Fig. 6 — for barley, Fig. 7 — for oats.
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Table 1
Compilation of the values of parameters of the equation P = P(¢) for chosen
varieties of cereals

Type of

Variet
cereal ariety 25 a b s d
Winter Aurora 44 50 0.0015 —0.02717 —0.0052 41.41
wheat Kaukaz 45.15 0.0017 —0.0298 —0.00569 42.12
Grana 44.95 0.0021 —0.0346 —0.0069 42.24
Spring Kolibri 45.75 0.0019 —0.0337 —0.0059 41.86
wheat Carola 49.70 0.0016 —0.0337 —0.0081 45.18
Urbanka - 46.50 0.0028 —0.0£05 —0.0119 41.72
Dankowskie Nowe 48.40 0.0021 —0.0397 —0.0075 43.27
Rye Darikowskie Ziote 47.25 0.0018 —0.0376 —0.0080  42.30
Pancerne 50.30 0.0022 —0.0447 —0.0086 43.83
Barley Piast 54.20 0.0025 —0.0494 —0.0075 45.81
Elgina 51.45 0.09719 —0.0430 —0.0080 43.96
Oats Flamingsweiss 68.25 0.0006 —0.05615 —0.0118 48.99
Romulus 67.00 0.0015 —0.0660 —0.0125 45.63

2
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Fig. 3. Change of the grain mass Fig. 4. Change of the grain mass
porosity in the chosen varieties of porosity in the chosen varieties of
winter wheat under the influence of spring wheat under the influence of
increased static loadings: 1 — Aurora, increased static loadings:«1 — Kolibri,

2 — Kaukaz, 3 — Grana 2 — Carola, 3 — Urbanka
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Fig. 5. Change of the grain mass
porosity in the chosen varieties of rye
under the influence of increased static
loadings: 1 — Dankowskie Nowe, 2 —
Dankowskie Zlote, 3 — Pancerne

Fig. 7. Change of the grain mass

porosity in the chosen varieties of

oats under the influence of increased

static loadings: 1 — Flamingsweiss,
2 — Romulus
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Fig. 6. Change of the grain mass

porosity in the chosen varieties of

spring barley under the influence of

increased static loadings: 1 — Piast,
2 — Elgina
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The obtained- shape of the curve determined the choice of a two-ele-

ment describing equation:

a) the rapid drop of porosity of layer to the limit of normal strain

o = 10-105 N/m?,
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b) the gradual decrease of porosity in the range of strains ¢ = 10-
-10°>—80-105 N/m?2.

Although both these processes take place simultaneously, in the ini-
tial stage of compressing the process of the rapid drop of porosity is ex-
plained by the increased movement of grains tending to obtain a state of
permanent equilibrium. In the parallel process dominates the phenome-
non of clear compressing of particular grains.

Among the investigated varieties of cereals different ranges of varia-
bility of the porosity of loaded layer are observed. The most decreases
the porosity of oats grain leyer — the loss of free intergrain spaces at
the assumed level of normal strains is. 50.29%. The least with winter
wheat — 17.13%0. It is assumed that a decisive role in so considerable
a difference between these values is played by the chaffing of oats grain.

Table 2

Limit values and the loss of porosity of grain mass subjected to static
loading in the range to 80:105 N/m?

Type of . Initial Porosity at Loss of
cereal Variety porosity o = 80-10° porosity
%) N/m? (%)
Winter Aurora 44.50 . 27.37 17.13
wheat Kaukaz 45.15 26.24 18.91
Grana 44.95 24.31 20.64
Spring Kolibri 45.75 25.97 19.78
wheat Carola 49.70 23.64 26.06
Urbanka 46.50 | 16.08 30.42
Dankowskie Nowe 48.40 23.69 24.71
Rye Dankowskie Zlote 417.25 22.23 25.00
Pancerne 50.30 22.03 28.27
Barle Piast 54.20 25.06 29.14
4 Elgina 31.45 23.21 28.24
Oats Flamingsweiss . 68.25 18.98 49.27
Romulus 67.00 16.71 50.29

Table 2 presents the limit values and the loss of porosity of grain
layers subjected to static loadings. On the basis of these results we can
assume that the coefficient s in the theoretical equation can be an index
of the degree of compactness of the loaded grain layer — the greater
the porosity decrease the lower the value of the coefficient s.
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Summing up we can state that higher degrees of compactness charac-
terize those loose materials that show a higher susceptibility to the chan-
ge of porosity of grain layer in the accepted range of loadings.
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S. Grundas, B. Szot, W. Woziniak

ZMIENNOSC POROWATOSCI WARSTWY ZIARNA ZBOZ
POD WPLYWEM OBCIAZEN STATYCZNYCH

Streszczenie

Optymalizacja procesOw suszarnictwa i przechowalnictwa w znacznej mierze
zalezy od porowato$ci warstwy ziarna, ktérej wielko§é uwarunkowana jest miedzy
innymi stopniem zageszczenia nasion wynikajagcym ze wzajemnego ulozenia nasion
W masie.

Badania wplywu obcigzen statycznych na porowato$§é warstwy ziarna przepro-
wadzono na 4 odmianach pszenicy ozimej, 3 odmianach pszenicy jarej, 3 odmia-
nach zyta oraz 2 odmianach jeczmienia i owsa, przy uzyciu porometru ci$nienio-
wego (pomiar porowatodci) oraz maszyny wytrzymatosciowej firmy ,,Intron” (obcig-
zenia statyczne).

Charakter przebiegu zmiany obcigzen w funkcji odksztalcenia wskazuje na
wyrazne zroznicowanie zaré6wno w stopniu zageszczenia, jak i sprezystosci bada-
nych odmian zbo6z.

Na podstawie uzyskanych przebiegbw wyznaczono porowato§é¢ w funkecji ob-
cigzen cigglych od 0 do 800 N/cm?2 Spadek zawarto$ci wolnych przestrzeni mig-
dzyziarnowych dochodzi do 50% u owsa i do 30% u pozostalych rodzajow zboz.
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C. I'pyuodac, B. llotr, B. Bo3xax

VMSMEHYMBOCTL IIOPUCTOCTU CJIOfA 3EPHA 3EPHOBLBIX
1104 BJAUAHMEM CTATUYECKUX HATPY30K

Pezwme

Ontumanm3aums IIPOLIeCCOB CYIIKM ¥ XPaHEHMA B 3HAUMTEJBbHOI Mepe 3aBUCHT
OT TIOPMCTOCTM CJIOA 3€pHa, BeJIM4YMHA KOTOpO) O00YyCJOBJIeHa M.IP. CTENEeHbIO Cryle-
HUA CeMsAH, BBITEKaIoIlel M3 UX PacIoyIoKEeHMA B Macce OTHOCUTENIbHO IPYyT Apyra.

ViccnenoBaHMA BAMAHUSA CTAaTUYECKMX HArPy30K Ha ITIOPUCTOCTBL CJIOSA 3€pHa IIpPOo-
Beau Ha 4 coprax O3MMOM NIUEeHMIIbI, 3 CcOpTax SAPOBOM IIILUEHMIbI, 3 CcOpTax pPXU
1 2 copraX sSIUMEHA M OBCa C NPMMEHEHMEM HAIlOPHOro IopoMmeTpa (M3MepeHue IIO-
PUCTOCTM) M MalUMHBI AJA JMCCIeAOBaHMA IMPOYHOCTM upmMmbl ,,JIHCTpOoH” (cTatuye-
CKas Harpys3Ka).

XapakTep pa3BUTUA M3MEHEeHMII Harpy30K B (GyHKUuu nedopManmuy yKa3bIBaeT
Ha OTYETJAMBYIO AuddepeHImanmoo KaK CTEeNeHM CryllIeHus, TaK M yIPYyTOCTHM ycclie-
AyeMbIX COPTOB 3€PHOBBIX.

Ha ocHOBaHMM NOJYyYEHHBIX Pa3BUTUI OIIPENEeJaUIM IOPUCTOCTE B (PYHKLMM CIIJIO-
MHLIX Harpy3ok or 0 bia 800 H/cm2 IIoHMZKEHMe COONEepIKaHMA CBOOOMHBLIX MEK3ep-
HOBBIX IIpocTpaHcTBe JocturaerT 50% y osca m 30% y ocTalbHBIX BMIOB 3€PHOBBIX.
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