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INTRODUCTION

Many of the problems in trans
porting grain in bulk from the farmer's
field to the processor could be reduced
or eliminated by handling the grain in
containers. Containers could be filled
directly from the combine in the far
mer's field thereby reducing the labour
and equipment required during the busy
harvest season. Weatherproof con
tainers could be left in the field until
they could be conveniently transported
to a railroad and loaded on to railroad
cars. Each container of grain could
be graded according to protein con
tent and other quality factors before
it was mixed with other grain. Also
chemically treated grain and spoiled
grain could be detected before it con
taminated large bulks of grain in an
elevator. Storage pests such as rusty
grain beetles would be restricted to
an individual container instead of being
spread throughout a large quantity of
grain as can occur under the present
bulk handling system.

There is a need for increased
storage space because of abandon
ment of many railroad lines, high grain
yields, and variable markets. Weather
proof containers can be designed to
act as grain storage units at any point
in the transportation system . If the
containers are made air-tight, insects
cannot enter the containers, and
insects already in the grain are inac
tivated due to the shortage of oxygen.
It would not be necessary to treat the
grain with insecticides, thus the cost
of the treatment, as well as the risk
of toxicity to humans and animals,
would be reduced.

If the containers can be cons
tructed from flexible plastic cr syn
thetic rubber sheets, then the empty
containers could be readily stored or
transported. Also containers made
from such materials can be made air
tight and weatherproof providing rodent
and mechanical damage are prevented.
To design flexible containers, the
distribution of grain pressures on the

RECEIVED FOR PUBLICATION JUNE 30, 1971

56

walls of the containers must be known.

Information is available on the design
of rigid bins in which the wallsresist
compressive loads, but no work has
been done on grain pressures on walls
which do not resist compression.

The lateral pressures exerted by
hard red spring wheat on the walls of
cylindrical polyethylene containers
were determined and compared to those
predicted by Janssen's equation. The
effect of container diameter, wall
thickness, and grain height on lateral
pressure was investigated. A dimen
sional analysis equation was fitted to
experimental data.

MATERIALS AND METHODS

Four sizes of test containers
(Table I) were made from sheets of
low density polyethylene (density
0.92g/cm3). Material thickness was
chosen so that the circumferential
elongation would be measurable but
not excessive. The vertical joints in
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Figure 1 Lateral pressures in four sizes
of polyethylene grain containers.

the walls were constructed by over
lapping the sheets 15% of the con
tainer circumference and gluing
(Swift Canada Company adhesive,
no. 7813). The container walls and
the circular sheet which formed the
bottom of the container were over
lapped 10% of the container diameter
and glued.

Lateral pressures at different
height-to-diameter ratios were deter
mined in each container by loading
the containers in layers. The 25-cm
diameter containers were filled in
layers with a depth-to-diameter ratio
of 0.625 whereas the larger containers
were filled in layers with a depth-to-
diameter ratio of 0.33. Hard red spring
wheat, variety Manitou, was used as
load material (Table II).

Lateral pressures were calculated
from measurements of the circumferen
tial elongation. To reduce the res
training effect of the container bottom,
measurements were taken at the top
of the first grain layer augered into
the container instead of at the bottom
of the bin. The circumference was
measured with a steel tape before each
test was begun and 30 min after
loading each grain layer. Percent cir
cumferential elongation based on the
original unstrained circumference was
calculated. Measured elongations were
corrected for the effect of the vertical
glued joint. The amount of correction
was determined by comparing elonga
tions in polyethylene strips having
glued joints to those in strips having
no joints.

The stress-elongation character
istics of polyethylene are affected by
many factors including material thick
ness, rate of loading, and temperature
(2). Therefore, separate stress-elonga
tion curves were plotted for each test
container. To obtain data for the
stress-elongation curves, 12 calibra
tion strips, 5 cm wide, were made
from the same material as the con
tainer. For each test container, three
strips were subjected to tensile
stresses corresponding to 50%, 75%,
100%, and 125% of the lateral pressures
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TABLE I. POLYETHYLENE TEST CONTAINERS

Container

diameter

cm

Maximum grain
height in
containers

cm

Material

thickness Kf

25

47

67

67

90

63

88

105

154

147

0.04

0.10

0.15

0.25

0.25

0.0609

0.0543

0.0572

0.0572

0.0457

TABLE II. PHYSICAL PROPERTIES OF WHEAT<3)

Property

Grade

Dockage, %

Moisture content,
% wet weight basis

Density, kg/hi

Coefficient of friction on

polyethylene

Ratio of lateral to

vertical pressure

Angle of repose, deg.

in the container predicted using
Janssen's equation. Loads were simul
taneously applied to the container and
the strips. Measurements were taken
30 min after loading The loads
applied to the strips were proportiona
tely increased for each subsequent
grain layer added in the container.
Stress-elongation curves were plotted
for each grain depth. Stresses in con
tainer walls, corresponding to the
measured elongations, were determined
from these calibration curves. Lateral
pressure for each grain depth was cal
culated from these stresses by:

T - 2T(7
^P " ~~D~ (1)

where:

Lp = lateral grain pressure,
T = container wall thickness,

(7 = circumferential stress in con
tainer walls, and

D = container diameter.

RESULTS AND DISCUSSION

As in rigid-walled bins (3), lateral
pressure increases with grain height

Experimental value

No. 1 Northern

2.0

10.3

88.2

0.3 7

0.45

21.7

at a decreasing rate in grain contain
ers with flexible walls (Figure 1). At a
constant height, lateral pressure in
creased with container diameter in

25-cm, 47-cm, and 67-cm diameter
containers but appeared to decrease
in the 90-cm diameter containers
(Figure 1). However, at a constant
height-to-diameter ratio, lateral pres
sure increased nonlinearly with con
tainer diameter (Figures 2 to 5).

For the 67-cm diameter con
tainers, lateral pressures in containers
made from 0.25-mm and 0,15-mm thick
polyethylene sheets were not signifi
cantly different at the 5% level. At a
height-to-diameter ratio of 1.67, the
circumferential elongation in the con
tainer made from 0.15-mm thick poly
ethylene was 72% greater than that in
the container made from 0.25-mm
polyethylene. This large difference in
movement of the walls did not signifi
cantly affect the lateral pressure.

To compare the experimental
results with those predicted by
Janssen's equation (1) properties of
the wheat and polyethylene used were
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Figure 2 Lateral pressures in 25-cm
diameter containers.
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Figure 3 Lateral pressures in 47-cm
diameter containers.

determined (Table II). Angle of repose,
which is the angle of slope of the
granular material under zero normal
pressure, was measured to be 21.7°.
Differences in kernel size, shape, and
surface roughness between the varie
ties of wheat tested probably caused
this value to be considerably less
than the commonly used value of 28°
(1, 3). This difference in measured
angle of repose caused a difference in
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Figure 4 Lateral pressures in 67-cm
diameter containers.
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Figure 5 Lateral pressures in 90-cm
diameter containers.

the calculated ratio of vertical to
lateral pressure, K, used in Janssen's
equation since it was calculated by (1):

where:

1 + sin (p

0 = angle of repose, 21.7°.

The coefficient of friction between
wheat and polyethylene was measured
to be 0.37 which was close to the
value 0.35 found by Brubaker and
Pos° for wheat at 11.5% moisture
content, wet basis.
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Because the development of
Janssen's equation for rigid bins is
based on the assumption that the
walls take some of the vertical load,
it could be expected that the lateral
pressures predicted by the equation
would be different from those measured

in a flexible walled container. Although
this is true for all four sizes of con

tainers tested (Figures 2 to 5), the
differences are small except for the
25-cm diameter containers. However,
if Janssen's equation is used to design
these types of containers, an increased
factor of safety should be added since
Janssen's equation underestimates the
lateral pressures in most of the con
tainers tested. Also in applying
Janssen's equation or any other equa
tion the density of the material should
not be under-estimated. The density
of wheat increased with increasing
heigfit of fall up to at least 1.5 m and
was greater in a flexible container
than in a rigid container (2). Presum
able the grain kernels were more
readily reorientated in a flexible-
walled container than in a rigid-
walled container. For the calculations
in this paper a density of 88.2 kg/hi
was used. This was the density of
the wheat when dropped 1.5 m into a
polyethylene container. This density
is about 18% greater than the normally
used value for wheat of 74.8 kg/hi.

An equation was developed to fit
the lateral grain pressures determined
in the flexible containers. The func
tional relationship between lateral
pressure and factors affecting it can
be expressed as:

Lp = f(w, h, D, il,il')....(?)
where:

f = functional notation,

w = bulk density of grain,

h = height of grain above the point
under consideration,

[l - coefficient of internal friction,
and

II* - coefficient of friction between
wall and grain.

By assuming that the values of \i
and [l% are constant for a particular
combination of grain and container
material, the following equation was
obtained using a dimensional analysis
procedure (2):

K'wh 1_n Dn... . .(4)

The coefficients of the equation
K' andn were determined by fitting the
equation to the experimental data. A
value of 0.45 was obtained for n for
all containers. The value of K* varied

0 Brubaker, J.E. and J. Pos. 1963.Deter
mination of static coefficients of fric
tion of some grains on various structural
surfaces. Paper No. 63-828, Amer. Soc.
Agr. Eng., St. Joseph, Michigan.

with container size (Table I). The
dimensional analysis equation fit
closely the experimental pressures
for all sizes of containers tested

(Figures 2 to 5).

The free-standing containers could
be filled only up to a certain maximum
height at which point the containers
failed by falling over. In all sizes of
containers, failure coincided with a
percent elongation at the top of the
bottom grain layer of about 11%. The
containers did not burst but apparently
became unstable when the percent
elongation near the bottom reached a
limiting value.

CONCLUSIONS

The following conclusions may
be drawn regarding the lateral pressure
of wheat in flexible polyethylene con
tainers:

1. Janssen's equation does not
accurately predict lateral pres
sures of wheat in flexible polye
thylene containers.

2. For the test conditions used, an
equation based on dimensional
analysis closely represented late
ral pressures in flexible polye
thylene containers.

3. Lateral pressures were not signi
ficantly affected by a 60% change
in thickness of the polyethylene
walls of the containers.

4. Lateral pressures of wheat in
flexible polyethylene containers
increase non-linearly with grain
depth and with container diameter.

SUMMARY

Many of the problems in the trans
porting and storing of grain in bulk
could be reduced by handling grain in
containers. The use of containers
could reduce labour, grain deteriora
tion, and the need for insecticides
and could improve grading procedures
and storage facilities. Lateral pres
sures exerted by hard red spring wheat
on the walls of cylindrical polyethy-
containers, varying in diameter from
25-cm to 90-cm, were calculated from
measurements of the circumferential
elongation of the containers. Stresses
in container walls were determined by
comparing the percent elongation in
the containers to those in strips of
polyethylene subjected to tensile
loads. Lateral pressures were calcu
lated from the indicated stresses in
the walls. Janssen's equation did not
accurately predict the lateral pres
sures but an equation based on dimen
sional analysis closely fit the data.
Lateral pressures were not signifi
cantly affected by a 60% change in
thickness of the polyethylene walls.
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The containers did not fail by bursting
but apparently became unstable when
the percent elongation near the bottom
reached a limiting value.
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