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Abstract. A uniaxial compression apparatus wastcocied, having a cubical test chamber
of adjustable width. The bottom of the chamber and of its walls were both supported on three
load cells to permit determination of vertical amatizontal pressures. Tests were performed with
rapeseed to validate the apparatus, to determinammin specimen width, and to determine hori-
zontal to vertical pressure ratio. Specimens 120 high (initially) and 120 mm long that had ad-
justable widths of 8, 14, 21, 27, 33, 39 and 44 wmene tested. Results showed that testing with
specimens of width smaller than 10 seed diametars gnstable values of pressure ratio. Results of
tests with specimens wider than 10 seed mean geond@meters gave values of pressure ratio
consistent with those obtained earlier in cylindrigniaxial compression apparatus.

Keywords: granular material, minimum specimen disien, pressure ratio, rapeseed, uni-
axial compression, stress transmission

INTRODUCTION

Cereal grains and oilseeds are a major food source. Stdragdiing and
processing of grain constitute a considerable part of operatidosdnindustry.
Better understanding of the mechanical behaviour of granuleriala is of fun-
damental importance in the design and operation of facilitiestimage and
processing of granular materials. The lateral to vertioedgure ratio, bulk den-
sity and friction coefficient are the three most importastianical parameters
commonly used to calculate the loads exerted by grain on ststragéures (Dre-
scher 1991). The most popular method of experimental determinatibie &dt-
eral to vertical pressure ratio is the uniaxial compredsisin(Kwadeet al. 1994,
Horabik and Rusinek 2002). The test is usually conducted in cylindgpatatus
that, assuming homogeneity of the material, adequately refbectditions of
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axial-symmetric state of stress. For mathematical detsmmi of material behav-
iour in such a state the cylindrical system of coordinates is convenient.

In recent decades in examinations of behaviourafiar material under me-
chanical load numerical simulations are widely usethplementary to laboratory
testing. Usually the model of the real system imeslan imaginary sector of the ma-
terial of a cuboid shape. To describe asymmetaditm conditions and orientations
of non-spherical particles the Cartesian systewpofdinates is more feasible. Such
conditions are frequently adopted by designerofivare for numerical simulations
of mechanical phenomena, and such is the caseeoflificrete element method
(DEM). Thus, to validate DEM simulations in cuboid geometmducted in IA PAS
a modified uniaxial compression apparatus was astetl and examined.

The purposes of the reported project were as follows: a)litatathe appli-
cability of the uniaxial compression apparatus with cuboid testnber for de-
termination of pressure ratio of granular material, and b) terméte the mini-
mum specimen width assuring reliable test results. Thitsesf present determi-
nation of pressure ratio have been compared with earlier obtaselts of test-
ing with cylindrical apparatus (Horabik and Rusinek 2002).

METHOD AND MATERIAL

The vertical and horizontal pressures in uniaxial compresgiparatus were
estimated using measured floor and wall loads exerted bykabrdpeseed. The
device is different from most of the conventional testerg. (@commended by
Eurocode 1, 2003) in that the specimen has rectangular cromsisddtis test
simulates conditions in cuboid imaginary section of the matedakidered in
common mechanical analyses.

A schematic of the uniaxial compression apparatus used iepoeted pro-
ject is shown in Figure 1. The elements of the apparatus wagkimed of 6 mm
thick steel and galvanized. Two walls of the apparatus, phtalthe plane of the
figure located at a distance of 120 mm, were attached tootigessipport plate.
The floor of the apparatus was supported on three load cells 2Z5ndSS3) to
measure vertical loads. Two other adjustable walls of the atpisaperpendicular
to the plane of the figure, were located 1 mm above the floavdil load trans-
mission onto the floor. The construction of the supports of thisgbairalls al-
lowed for adjustment of the distance between them Bam 100 mm. Guides as-
sured that the walls remained parallel when mowdile bolts were used to fix in
position the two walls after adjustment. One ofwulais (right in Figure 1) was sup-
ported on three load cells (S4, S5 and S6) to measumal wall load used for esti-
mation of horizontal pressure. The apparatus waceg|on the table of a testing ma-
chine under its crosshead. During the test, the matea@&filled to the top of the test
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chamber and levelled. The top plate of prescribethwone of: 8, 14, 21, 27, 33, 39
or 44 mm) was placed on the free surface of thenaataind the movement of the
crosshead of the universal test machine was startexlvertical force acting on the
plate was measured. A displacement speed of 0.3Bnmiwas used in all experi-
ments. Three replications were made for each measunt that proved to be very
close. For the purpose of this article (i.e. gdnevaluation of the new apparatus)
results of one replication will be used. Winter rapeseed afshios variety with
moisture content of 6 % (w.b.) and uncompacted bulk density of 645°kga®
used in the experiments. The mass of 1000 seeds was 3.47 g and geosestri
diameter was 1.8 mm.
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Fig. 1. The uniaxial compression apparatus
RESULTS
For ce-displacement characteristics

Figure 2 illustrates relationships of measured forcesicegr$0 — acting on
the top cover 0.12 m long and 0.044 m wide, S1, S2, S3 acting on thé#dor
cells, and horizontal normal to the wall S4, S5, S6. Maximum foroegach the
top cover was found to be 530 N which corresponds to vertical peesbap-
proximately 100 kPa. The specimen achieved this state atveeldiformation
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AL/L of approximately 0.035. Forces S1 and S2 recorded by a pair ofdbmbr
cells mounted in line recorded maximum forces ofN8and 81 N, respectively, and
the third floor load cell recorded force S3 of M6Such a result points out to fairly
uniform load distribution on the floor of the testamber. The force S4 recorded by
the lower and single wall load cell was 206 N, wliile forces S5 and S6 recorded by
the pair of upper wall load cells mounted in linergv143 N and 133 N, respectively.
Thus, the distribution of horizontal wall load ajpthe wall height was found fairly
uneven, with higher pressure in the upper regighefvall.

During the initial phase of unloading #i./L of approximately 0.027, floor
loads S1, S2 and S3 as well as wall load S4 followed relatolose the loading
path, while the cover load SO and upper wall loads S5 and S6 astmeash
faster. This effect was caused by the action of wall émcthat disturbed the re-
laxation of load.
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Fig. 2. Relationships of measured forces: vertical SO ingcin the top cover 0.12 m long and 0.044 m
wide, S1, S2, S3 acting on the floor load cellg, faorizontal normal to the wall S4, S5, S6

Response of wall loadsto changein specimen width

Figure 3 shows relationships of wall loads S4, S5, S6 versaisveedis-
placementL/L for specimens of widths: a) 8 mm, b) 21 mm and c) 44 mm. In
the case of the narrowest specimen (see Fig. 3 a) the loadives of the three
load cells follow a fairly close path and reach maximumpgfraximately 90 N.
During unloading forces recorded by load cells S5 and S6 decreagprtixi-
mately 20 N at/L/L of 0.025, while the force recorded by the loadl $élpresents an
unexpected behaviour. It increased with a decrisadeformation to 0.03 and then
decreased with decrease in deformation and stdbilifter reachinglL/L of ap-
proximately 0.025. In the case of specimen 21 mde\ee Fig. 3b), during loading
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Fig. 3. Relationships of wall loads S4, S5, S6 versusiveatisplacementiL/L for specimens of
widths: a) 8 mm, b) 21 mm and ¢) 44 mm
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force S4 was higher than S5 and S6 that were feiske. Maxima of S4, S5 and S6
at the end of loading were of approximately 1613 4Ad 113 N, respectively. This
result is as theoretically expected, maximum remwroly the single cell supporting
the wall was higher than those recorded by theaelis mounted in line. The force-
displacement relationships in the case of the spati44 mm wide (see Fig. 3c)
reached maxima of 206, 142 and 133 N. During tist fhase of unloading charac-
teristics showed typical linear-elastic behaviosidascribed by Sawicki (1994) fol-
lowed by non-linear phase, and finally wall loadmained locked at 34 N (S4) and
approximately 11 N (S5 and S6).

Pressureratio

Characteristics of pressure ratioversus relative displacemenfi/L are
shown in Figure 4 for specimens of widths of: a) 8 mm, b) 21 mm and c) 44 mm.
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Fig. 4. Relationships of wall loads S4, S5, S6 versusivelatisplacementiL/L for specimens of
widths: a) 8 mm, b) 21 mm and c) 44 mm

Obtained curve&(4L/L) in the cases of specimens 8 and 14 mm wide were lo-
cated distinctly lower then the remaining curves that for loagivage of the cy-

cle were fairly close and at the end of filling reachedreximately 0.4. That
value was in reasonable agreement with Horabik and Rusinek (2a0&Y test-

ing with rapeseeds, as well as with results for wheat reportedvtlal. (1993)

or by Kwadeet al. (1994). Decrease in load resulted in a sharp increase in pres-
sure ratio up to maximum value that is higher fafevspecimens, reaching 0.5 in the
case of the specimen 21 mm wide and 1.05 in theafahe 44 mm specimen. This
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is again typical behaviour of the material and giesiodes (e.g. Eurocode 1, 2003)
recommend using higher discharge wall loads thiimgfivall loads. Compression of
grains of wheat placed in 5.75 m high silo with diametdr& m has shown similar
effect (Molendaet al. 2007). Pressure ratio for filling was approximgat@l4, while
that for discharge was found to be approximatéty O.

Pressureratio compared with resultsfrom cylindrical appar atus

Figure 5 shows comparison of present results fosfiecimen 44 mm wide with
earlier determination of lateral pressure rétiaf rapeseeds by Horabik and Rusinek
(2002). The earlier tests were performed in a dyilial uniaxial tester 210 mm in
diameter, holding specimen 100 mm high. Similadythe reported project, the
specimen was loaded to the reference verticalssoB400 kPa at a constant dis-
placement rate of 0.35 mm rilin The pressure ratioversus vertical pressure char-
acteristics for loading-unloading cycle show faiggod qualitative agreement. The
curve obtained in the cylindrical apparakyg(p) ran slightly higher than the curve
Kan(p) during loading cycle, which resulted kg, of 0.37 andky, of 0.41 at vertical
stressp of 100 kPa. During unloading, after reachmgf 80 kPak(p) surpassed
Kan(p) and ran above it reaching a maximum of 1.1, wiiéemaximum of Ky(p)
was 1.0. These differences in the courses of peesatio versus pressure characteris-
tics most probably may be attributed to differeribeshape of the apparatus and dif-
ferences in properties of construction materiadsius
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Fig. 5. Pressure ratio for the specimen 44 mm wide compartdearlier results by Horabik and
Rusinek (2002)
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CONCLUSIONS

1. The cuboid uniaxial apparatus was found to be an efficient tool torges
rapeseeds: free flowing granular material of spheroid pesti€or specimens of
thickness lower than 21 mm characteristics of wall loadsugerelative dis-
placement showed some irregularities as compared to those obitairsthb-
lished standard procedures. With wider specimens, i.e. specimdhglafess
higher than 11 particle diameters, the courses of the chestics were found in
good agreement with those obtained in standard apparatus.

2. Results of determination of pressure radtiauring loading—unloading
cycles were found in very good qualitative agreement with tbsgined in a
standard cylindrical apparatus provided that the thickness spt@men was not
lower than 21 mm. Pressure ratio decreased with increase irahobedt maxi-
mum pressure of 100 kg, of 0.37 andky, of 0.41 were found. During unload-
ing kei(p) surpassedk.,(p) and ran above it reaching maximum of 1.14 while
maximum of k,,,(p) was 1.06.
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Streszczenie. Zbudowano aparat jednoosiovée@gkania o prostopadioiennej komorze
pomiarowej o hastawnej szergkd Oparcie dna komory i jednej Zeian na przetwornikach sity
pozwalato wyznaczy napory pionowy i poziomy. W badaniach jednoosiocavégjskania prébek
rzepaku okrono minimalry niezk:dna szeroké¢ probki oraz wyznaczano iloraz naporu poziome-
go i pionowegd. Badano prébki o wysokoi pocatkowej 120 mm, diugéei 120 mm oraz zmien-
nej szerokéci 8, 14, 21, 27, 33, 39 i 44 mm. Testy na probkadczerokéci mniejszej ni 10 sred-
nich wymiaréw ziaren dawaty niestabilne wddoilorazu naporu. Testy z prébkami oc¢kszej
szerokdci dawaly wyniki stabilne i zgodne z wynikami wémé&j wykonanych badaw aparacie
jednoosiowegdciskania wyposagonego w standardavkomor cylindryczr.

Stowa kluczowe: materiat ziarnisty, minimalny wymaobki, iloraz naporu, rzepak, test
jednoosiowegdciskania, przenoszenie napen



