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ABSTRACT

DESIGN OF TEMPORARY GRAIN STORAGES
by

G. L. Gamby

Temporary structures are required by the Western
Canadian grain farmer to store his surplus grain. Design
requirements of temporary structures for storing grain were
formulated from pervious research work. ‘Various bin config-
urations utilizing plastic as a struétural component were
designed and structurally tested. Results of the tests in-
dicated that a cylindrical bin with composite wall and coni-
cal roof was structurally sound. The bin had a yearly stor-
age cost of $1.07 per m3 (1973 material cost index) based
upon a two-year design life of all components. This compared
favourably with a yearly storage cost of approximately $1.00
per m3ffor permanent storage structures in Western Canada.

Three bins with different venting techniques were
constructed and filled with wheat from the fall harvest of
1973, Temperature monitoring of the grain bulk revealed the
presence of hot spots on the floors of two bins. The bins
were unloaded after a storage period of four months duraotion°

Unloading of the bins revealed that a deteriorated
layer of grain approximately 2.5 cm thick had occurred at

several areas on the floor of each bin. The grain



deterioration was affected by moisture which had entered
the bin through small puncture holes on the bin floors.
Entrance of moisture at the roof-to-wall joints in each bin
also caused small localized pockets of deterioration to

occur.
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1. INTRODUCTION

In recent years fhe grain farmer in Western Canada
has been faced with the serious problem of storing surolus
grain. Surplus grain is defined as production exceeding a
farmer's long-term average production. The problem has been
further aggravated by variable markets which cause large
amounts of farm stored grain to be held over from one year
to the next. This reduces the amount of storage capacity
available for the following year's préduétion. Thus, most
of the farmers in Western Canada invariably have surplus
grain during some years. To maintain the quality of stored
grain and hence its high dollar value, surplus grain should
be protected in a storage structure.

It is uneconomical to build a permanent type of stor-
age structure for surplus grain. Friesen (1971) found that
the average storage cost per year in 1971 was $1.03 per m3
of stored grain on prairie farms. Fixed costs such as depre-
ciation, interest on investment, and insurance amounted to
$0.74 per m3 per year. Variable costs such as insurance,
grain loss in storage, and revairs were estimated to be $0.29
per m3 per year. Thus, if the grain storage structure is
only used to store surplus g¢rain in one yeaf out of every
three years_then the fixed costs increase by a factor of
three to $2.22 per m> per year. Assuming variable costs to

be the same -for each year of storage, the total storage cost
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is $2.51 per m3 per year. For utilization in one year out
of every five vears fixed costs increase to $3.70 per m3
yvear and variable costs remain the same at $0.29 per m3 per
yvear. The total storage cost then becomes $3.99 per m3 per
year. These figures are much greater than the average farm
storage cost of $1.03 per m3 per year. In years of surplus
grain the erection of a structure to store grain for only
one year may be less expensive than maintaining a large num-
ber of empty permanent bins in years of no surplus grain.

A structure which couldAbe used for storage of sur-
plus grain during years of high production or depressed mar-
kets or both would be feasible. The structure should have
a design life equal to the duration of a normal grain stor-
age period, one year, to minimize capital investment. A
fixed cost of $0.70 per m3 would be required to realize a
vearly storage cost of avproximately $1.00 per m3 of stored
grain per year. This assumes that variable costs such as
insurance, grain loss, and repairs remain the same at approx-
imately $0.30 per m3 per year. The structure will be re-
ferred to as a temporary structure for storing grain due_to
its short design life.

Temporary dgrain storage structures are already in
widespread use in Western Canada. In 1968 to 1969 it was
found that 60% of 2,522 elevator agents in Western Canada

reported the use of temporary grain bins in their districts

(R.N, Sinha, unpublished). In 1970 temporary grain storage



accounted for 5.6% of the total farm storage in Western
Canada (Friesen, 1971). This is equivalent to approximately
32,500 temporary bins of 71 m3 capacity assuming farm stor-
age capacity is equal to the grain production on the prairies
in 1970.

Although temporary farm bins are being used to store
surplus grain, the structures presently available do not
appear to be well designed. Research work by Muir, ‘Sinha,
and Wallace (1973) has shown that most temporary grain bins
do not adequately preserve the grain quaiity over the first
winter .of storage.

Because of the need for improved temporary grain stor-
age structures, the objectives of this project were:

1. To design a temporary grain storage structure

which adequately preserves grain quality for

at least one year.
2, To structurally test the grain storage structure.
3. To study the effectiveness of the bin in main-

taining grain quality for at least one year.



2, LITERATURE REVIEW

2.1 Temporary Grain Storage Structures

Muir, Sinha, and Wallace (1973) have studied prob-
lems of storing grain in the temporary grain bins that are
now in use in Manitoba. Two.replicates of open-topped and
polyethylene-covered bins containing the main cereal crops
——wheat, oats, and barley were studied. Grain was placed
into the bins by co-operating farmers in the fall of 1969,
overwintered and sampled by the researchers in the spring
of 1970. Four of the bins still in use were sampled a sec-
>ond time in the fall of 1970 to determine deterioration of
the stored grain during the summer months. The variables
measured at each sampling were moisture content, temperature,
seed viability, fungal infection, and insect and mite
populations.

The study revealed that most types of temporary grain
bins now in use in Western Canada do not adequately protect
the graiﬂ guality over the first winter of storage. During
the summer storage period deterioration of the grain was
quite excessive. This is mainly due to the fact that as
length of storage time increases deterioration of the grain
also increases.

The researchers determined that deterioration and
increases in moisture content of the grain during winter
storage may be reduced with a polyethylene cover. Venting

4



the cover reduced moisture accumulation as well as fungal
infection and insect and mite infestations along the top
surface of the cone.

Bins which were covered with loose or baled_straw
were of little benefit compared with open-topped bins.
The use of open-topped bins during the summer storage period
was recommended. Moisture which entered the bin through
holes in the polyethylene céver was prevented from evapora-
ting to the outside air by the cover. Any moisture enter-
ing the open-topped bins evaporated. Hence, in the summer
months deterioration of the grain due to wet spots was greater

in the polyethylene-covered bins than in the open-topped bins.

2.2 Bin Pressure Research

2.2.1 TLateral pressures in flexible plastic containers

Gupta (1971) determined the lateral pressures exerted
by hard red spring wheat on the walls of small cylindrical
polyethylene containers, 25-cm diameter to 90-cm diameter,
and compared them with those predicted by Janssen's equation.
Janssen's equation was found to be inapplicable in predict-
ing lateral pressures in flexiblevcontainers.

A dimensional analysis equation was developed to pre-
dict lateral pressures in flexible containers. However, the
equation was applicable only to containers of height, dia-

meter, and wall thickness tested.



2.2,

2 Rankine's formula

To predict grain pressures in shallow bins (in shal-

low bins the plane of rupture passes through the upper grain

surface before it meets the opvosite wall) the Canadian Code

for Farm Buildings (National Research Council, 1970) recom-

mends the use of Rankine's formula.

Rankine made the following assumptions in the devel-

opment of his theory on lateral pressures in granular mate-

rials (Taylor, 1948):

10

A semi-infinite cohesionless mass is being sup-
ported by a rigid, frictionless wall,

Active stage in which the wall moves away from
the backfill is the minimum condition of loading.
Passive stage in which the wall moves toward the
backfill is the maximum condition of loading.

The resultant pressure of the material on the

wall acts in a horizontal direction.

Rankine's equation for the active stage is:

P
a

where:

w

1 - sin ¢

mwh A s 0o (2.1)

horizontal pressure on the wall in the active
stage, kg/mz,

angle of internal friction, degrees,

bulk density of granular material, ton/m3, and

depth of granular material, m.



The Canadian Code for Farm Buildings (National
Research Councii, 1970) recommends that ¢ equals the angle
of repose of the grain in Eq. (2.1). For the case of sur-
charge, the horizohtal oressure 1is increased by a factor of

1.25 (National Research Council, 1970). Eq. (2.1) becomes:

1-sin ¢ . el (2.2)

Pa ™ * Twsins ¢

2.2.3 Ré&sal's formula

To predict lateral pressures imposed by granular
materials upon inclined walls Résal modified Rankine's for-
mula by considering the influence of wall friction (Cain,
1916). By graphically solving.a statics problem Résal de-

termined that the stress at any point on an inclined wall is:

E, = 2K wh ee. (2.3)
where:
Ea = active horizontal rressure on the wall, kg/mz,
K = a constant for given inclinations of the wall
and surface,
w = bulk density of granular material, ton/m3, and
h = depth of granular material, m,
The constant, K, can be determined by:
K = i[ cos (¢ + a) ]2 1 : (2. 4)
2!/ (1l + n)cos a cos(¢' - ) o0 :

where:

n = a dimensionless ratio,
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¢ = angle of repose of granular material, degrees,
o = angle made by inner face of wall with the

vertical, degrees, and
¢' = angle of friction of granular material on the
wall, degrees. |

The dimensionless ratio, n, is given by:

_ sin(¢ + ¢') sin(¢ - 1)
n = //cos(¢' - o) cos(o + 1) eee (2.5)
where:

angle made by free surface with the horizontal,

.
i

degrees.
For a wall with a > 10° Résal suggested the use of
A to replace ¢' in Eg. (2.4) and Eg. (2.5). He defined A

by the equation:

1 sin ¢ cos(2a + ¢) (2.6)

A= otan e eI (3o + ) oo



3. DESIGN REQUIREMENTS

3.1 Granary Structure and Its Interrelations

A grain bulk is a multivariate system composed of a
number of biotic and abiotic variables. It is important
that most, if not all the variables be considered in the
design of a temporary grain storage structure. The main
variables which can be influenced by the design are abiotic
variables such as temperature, moisture content, and oxygen
content and external biotic agents which include insects,
mites, micro-organisms, rodents and birds.

Temperature and moisture content are the most impor-
tant variables in a grain bulk. They are interrelated and
affect the agents of deterioration in a grain bulk. As an
example, mites will not de&eiop below 5 C and insects will
not develop below 15 C (Sinha, 1973). A moisture content
less than 13% arrests the growth of most'micro—organisms
and mites (Sinha, 1973). Hence, the grain bin design should
maximize heat and moisture loss but minimize heat and moist-
ure uptake.

Insects, mifes, and micro-organisms, if present in
the grain bulk, normally do not grow and reproduce initially

throughout the grain bulk. Rather, they develop in micro-

and macro-environmental pockets caused both by uneven distribu-

tion of moisture at the time of initial storage and also by

subsequent moisture migration. This moisture migration is
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normally caused by convective air currents resulting from
temperature gradients in the grain bulk. Since moisture
migration within the bin is variable from season to season
elimination of micro- and macro-environmental pockets cannot
be readily achieved. A structure that is designed to mini-
mize this problem would probably not be economical at the

present time.

3.2 Cost Reguirements

The structure should have a cost of approximately
$§1.00 per m3 of storage space per year. This is in accord-
ance with the 1970 average of $1.03 per m3 of storagé capa-
city per year (Sec. 1l.1l). This figure has been selected to
encourage farmers to use temporary grain storage bins. If
the yearly storage cost per m3 is equal to or greater than
the storage cost of permanent bins used for temporary stor-
age (i.e. $1.03 to $3.99 per n> per year) some farmers may
not utilize any typme of storage for their surplus grain. If
conditions (temperature, moisture content, and oxygen con-
tent) within an open grain bulk are ideal this grain may be-
come heavily infested by insects, mites, and micro-organisms
(Sinha, 1973). Hence, deterioration will be high and dollar
value low. Since cost is the most important variable with
respect to the structure, the design life of the structure
is to be based upon the bin design, materials selection, and

cost.
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3.3 Structural Requirements

Moisture is an imvortant variable in a grain bulk.
It is necessary that the bin structure minimizes increases
of moisture content of the grain during the storage period.
As recommended in Sec. 2.1 the bin design should incorpor-
ate a roof (cover). The cover will prevent any increases
in moisture content of the grain due to rain or snow during
the one year storage period. A floor should also be used
to prevent moisture from entering the bin at ground level,

The wall and roof structure of the bin must withstand
grain loads, snow and wind loads, ana resist bird and rodent
damage. Vertical and horizontal forces exerted by the grain
on the vertical wall of the structure can be calculated
using Rankine's formula (Sec. 2.2.2). Horizontal forces
exerted by the grain on the roof of the structure can be
calculated from Résal's formula (Sec. 2.2.3). Snow and
wind loads on the structure can be determined by methods
in the Canadian Code for Farm Buildings (National Research
Council, 1970).

Venting of the structure is also reguired. A vent in
the cover should reduce moisture accumulation as well as
related fungal infections, and insect and mite infestations

along the top surface of the grain bulk.
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3.4 Material Requirements

The bin must be constructedvof materials which will
resist weathering for a period equal to the design life of
the structure. |

Materials for the wall and roof structure should
minimize heat flow into the bin from solar radiation or high
ambient air temperatures. The material should also allow
rapid grain cooling as the ambient air temperature decreases
in autumn. Materials with low shortwaﬁe absorptivities would
minimize radiant heat uptake while matefials with high long-
wave emissivities would maximize radiant heat loss (Kreith,
1969).

Materials with low water vapour transmission rates
are required to minimize moisture mbvement into thé bin.

The bin should be constructed from materials which
are light in weight. This will contribute to ease of erec-

tion without reliance upon heavy eguipment.




4, SELECTION OF MATERIALS

4.1 Selection Reaulrements

Materials were selected according to the following
criteria which were developed from the design requirements
presented in Section 3:

1. Low cost pmer unit area to minimize storage cost.

2. High strength-to-weight ratio to minimize the
weight of the structure and enable easier
erection.

3. Low water vavour vermeability to minimize mois-
ture migration into the bin from the environment.

4., Low deterioration of material during exposure
to weathering for one year.

5. Low shortwave absorptivities and high longwave
emissivities to reduce radiant heat uptake.

6. Materials must be available in large sizes
(lengths and widths) to minimize joining during
the construction vhase.

An initial concept of a temporary grain storage
structuré was formulated to develov the general material
requirements for such a structure. In the design concept
it was considered that the grain bulk was completely en-
closed by the structure. The structure would minimize the
entrance of moisture, birds, rodents, and microflora into

the bin. Grain deterioration would then be reduced.

13
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The enclosure could be fabricated utilizing two
major types of materials; self-supporting and non-self-
supporting materials.

Self-supporting materials are classified as mate-
rials which exhibit inherent rigidity. An example of a
self-supporting material is plywood. Self-supporting mate-
rials could be used effectively in the wall structure of
a temporary grain bin. No external or internal support
system would be required and costs could be minimized.

Non-self-supporting materials are classifiéd as
materials with non-inherent rigidity. They may be either
films or light-gauge materials with sufficient strength
to withstand the pressures imposed by the grain bulk. A
support system would be required to support the structure
during £filling.

Both self-supporting and non~self-supvorting mate-
rials may not be of sufficient strength to withstand pres-
sures imposed by the grain bulk. Hence, for some materials
it is necessary that additional materials be utilized to
withstand the loadé. These materials are referred to as
reinforcing materials.

Fastening systems were also studied because materials

had to be seiected that could be readily fastened together.
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4,2 Material Class

4.2.1 Self-supporting materials

Materials considered in this class are:
1. Fibreglas sheeting - reinforced polyester
laminate,
2. CB-TUFF* board - polyethylene coated paper
product,
3. Rhinocor* board - polyethylene coated paper
product,
4, Polyflute* - extruded copolymer sheeting,
5. Plywood - laminated wood veneer sheeting,
6. Aspenite - sheeting fabricated from compreésed
wood chips and glue, and
7. Zicon* - polyethylene coated chicken wire.
Properties and major disadvantages of the self-
supporting materials are oresented in Table 4.1. Only mate-
rials with a relatively low cost were considered. This is
warranted by the low yearly storage cost requirement of
$0.70 per m3 per year. Hence, materials such as steel and
glass were not considered. Cost comparisons are based upon
1973 material prices.

4.2.,2 Non-self-supporting materials

Materials studied in this class were:

1. TU-TUF* - cross-laminated poly sheeting,

*Trade name.



Table 4.1

Physical properties of self-supporting materials.

TENSILE PERMEANCE
i * _ SIZE WEATHERING, ' CoST,
MATERIAL MANUFACTURER AVATLABILITY COLOUR ONE YEAR STRENGTE, METRI*C* FASTENING s/m? DISADVANTAGE
kg/m _ PERMS
Fibreglas Structural 0.476 cm White Little effect 30.1 Low Glue 18.30 High cost
Glass thick
CB-TUFF Consolidated N.A. Brown Rapid N.A. N.A. Staple, N.A. Rapid
Board " Bathurst deterioration glue deterioration
Rhinocor Consolidated N.A. Brown Rapid N.A, N.A. Staple, N.A. Rapid
Board Bathurst deterioration glue deterioration
Polyflute Kruger Pulp Sheets 125.5 cm White Little effect N.A. Low Staple, 3.23 High cost
and Paper X 227 cm ) glue
Plywood MacMillan Sheets (0.794 Brown Little effect 36.08 Low Nail, bolt 1.97 High cost
0.794 cm Bloedel x 122 x 244)cm .
Plywood MacMillan Sheets (0.953 Brown Little effect 36.08 Low Nail, bolt 2.19 High cost
0.953 cm Bloedel x 122 x 244)cm
Aspenite MacMillan Sheets (0.635 Brown Little effect Not uniform Low Nail, bolt 1.46 High cost
0.635 cm Bloedel x 122 x 244)cm '
Aspenite MacMillan Sheets (0.794 Brown Little effect Not uniform Low Nail, bolt 1.81 High cost
0.794 cm Bloedel x 122 x 244)cm
Corrugated MacMillan Sheets 150 cm Brown 60% reduction 32.5 Low Staple 0.62 Fastening
Paper (waxed) Bloedel x 267 cm in properties
Corrugated MacMillan Sheets 150 cm Brown Short life due 32.5 Low Staple 0.34 Short life,
Paper Bloedel X 267 cm to moisture Fastening
Zicon Flexipane, Rolls 183 cm Clear Polyeéethylene Low Nil Wire 1.12 Polyethylene
England x 4572 cm may deteriorate splice deterioration,
' ’ High cost
N.A. - Data not awvailable.

* - Commercial terminology and trade names where applicable are used.
*% - Units of metric perms - g(m)~2(24h)-ltorr-1.

9T
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2. Fabrené*— woven nolyolefin fabric,

3. Milrol* - polyethylene sheeting,

4. Butyl rubber,

5. Nylon reinforced vinyls,

6. Waterproof cotton duck canvas,

7. Asphalt~impregnatéd building paper, and

8. Aluminum foil.

Properties and major disadvantages of the non-self-
supporting materials are given in Table 4.2. Due to simi-
larities between materials only one material in a category
(e.g. woven volyethylene fabrics) was considered.

4.2.3 Reinforcing materials

Materials studied in this class included:

l. Wire mesh - concrete reinforcing mesh, and

2. Snow fence.

The materials and their pertinent properties are pre-
sented in Table 4.3, Wire mesh, 6 x 6 - 10/10 gauge (British
wire gauge) and 6 x 6 - 8/8 gauge were selected as optimum
reinforcing materials due to their high strength, long life
and low cost.

4.2.4 Fastening systems

Fastening systems for the non-self-supporting mate-
rials include Polyzip} Polvkan tape® and TU-TUF* tape. Poly-
zip consists of an extruded polythene channel and tape., The

materials to be fastened are vlaced in the channel. The

*Trade name.



Table 4.2

Physical properties of non-self-supporting materials.

TENSILE PERMEANCE,
MATERIAL*  MANUFACTURER SIZE coLouyr ~ WEATHERING, STRENGTH, METRIC FASTENING CO°3/ DISADVANTAGE
AVAILABILITY ONE YEAR $/m
kg/m PERMS**
TU-TUF-2 2.48 0.0184 0.31
2.5 mil Rolls 197 cm to : Little reduction ' Low tensile
TU-TUF-4 Sto Cote 1219 com in width} White }in properties 3.97 0.0136 Tape 0.40 strength
4,0 mil
Fabrene P Rolls 137 cm wide 11.16 0.19
C Rolls 152 cm wide 50% reduction 14.88 . . 0.34 Size
A DuPont Rolls 152 cm wide| 13T [in strength 18.60 Low Stitch 0.42 [ availability
™ Rolls 152 cm wide 24.80 0.50
Milrol UV4 Rolls (183, 244, . R 1.55 0.143 Tape, 0.11
Milrol 2, 4 CIL 305, 366, 488, Clear [pittle reduction = o gg after Heat, 0.04-{ Six-month
6, 8, 10 mil 610, 732, 1219 cm) 1 Prop % 39,70 ageing Sealing 0.22 | life
Six-month life
x 3048 cm
Buryl Rubber N.A. N.A. Black Little reduction N.A. Low ‘Heat, Seal 11.84 High cost
in properties
NRV (nylon Snyder Mfg. Rolls 54 cm x White Brittle at low N.A. Low Heat, Seal 1.08 Bittle at low
resistant vinyl) 11,430 cm temperatures - . temperatures
Waterproof
cotton duck
canvas
8 oz Rolls 114 cm wide 9.55 3.23
10 oz Rolls 91 cm wide Little effect 12.65 . . 1.53 .
12 0z Manta Ind. Rolls 91 cm wide Brown on properties 17.86 High Stltqh 1.20 High cost
14 oz Rolls 91 cm wide N.A, 2.03
Building Building Rolls 91 cm in Black Little reduction 4,34 Low Staple 0.11 Black, Toxic to
paper, 60 1b Products width in properties grain consumer
Aluminum Alcan Sheet 91.44 cm Silver ©No reduction in 19.84 Low Rivet 1.38 High cost
0.04 cm x 244 cm properties
N.A. - Data not available
* -~ Commercial terminology and trade names where applicable are used. =
g(m)=2(24h) "Lltorr-i. =

*%* - Units of metric perms =




Table 4.3

Physical properties of reinforcing materials.

SIZE TENSILE STRENGTH, COSsT,
MATERIAL MANUFACTURER AVATLARILITY kg/m $/m2
Wire Mesh: . Rolls:
6 X 6 - 6/6%* Irving Wire 152 cm wide 31.0 $0.75
6 x 6 - 4/4%* Irving Wire 152 cm wide 48.9 $0.99
214 cm wide
6 x 6 - 8/8% Irving Wire 122 cm wide 26.3 $0.56
6 x 6 - 10/10%* Irving Wire 152 cm x 6100 cm 17.6 $0.48
Snow Fence Fulco Metals Roll:
122 cm x 1525 cm 9.5 $1.13

*Material description: 6 x 6 - grid size (in).
6/6 - British wire gauge of
horizontal wire.

vertical wire and

6T
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tape is snapped into the channel by a special tool to form
a tight joint. This sysfem mayv be used for fastening vari-
ous combinations of materials together. Cost éf the Poly-
zip is approximately $0.65 per m.

Polykan adhesive tape and TU-TUF adhesive tape are
also used as fastening systems for Milrol polyethylene and
TU-TUF poly sheeting. Clear Polykan tape.costs $3.50 for a
roll 5 cm by 30.5 cm. White TU-TUF tape costs $6.75 for a

roll 5 cm by 55 m.



5. DESIGN AND STRUCTURAL TIST PROCEDURE

5.1 Selection of Bin Capacitv

A bin capacity of approximately 70 m3 was chosen for
the study. The capacityv was selected as the maximum for a
structure of this type based upon the average storage capa-
city on Western Canadian farms in 1970 of 45 m3 (Friesen,
1971). Hence, design stresses are maximum. If smaller
structures are required, they may be fabricated utilizing
the same materials without re-design and structural testing.

A restricting dimension of 3.2 m was chosen as the
maximum horizontal distance from the wali of the strﬁcture
to the filling spout. This is the reach of a medium-length
grain auger which was assumed to be 9.1 m long (Agricultural

Machinery Administration, 1961).

5.2 Spray-on-Foam

Spray-on-foam was considered as a means of protect-~
ing the grain bulk from the environment. The concept utili-
zes a ureaformaldehyde foam which would be apnlied in a thin
layer to the surface of the grain bulk. The foam would pre-
vent moisture from entering the bin. Snow loads would be
supported internally by the grain bulk itself. Plastic film
could be utilized as a floor for the grain bin.

The main advantage of the system is the ease and
speed of application. Little time is reqguired to completely
enclose a large grain‘bulk“ Also, the system may be utilized

21



for any volume of grain.

The main disadvantage of the system is cost. The
cost at present for this system is approximately $4.85 per
m2 of surface area. A conical grain bulk with a 70 m3 capa-

city would cost approximately $975.00 or $13.93 per m3.

Work was not continued on this system due to the excessive

costs involved.

5.3 Conical Bin

A conical bin was next considered for study. A bin
with a radius of 3.2 m, an overall height of 5.5 m, and a
wall angle of 60° vields a capacity of approximately 60 m3
(Fig. 5.1). The advantage of this type of structure is
that it requires only two sernarate sections of material for
fabrication of the structure. The floor is fabricated from
a section of material with a diameter of 6.4 m. The roof
is fabricated from a piece of material with a diameter of
12.8 m. |

Good material utilization is obtained with this bin
since the wall angle of 60° requires a piece of material in
the form of a semi-circle to obtain the conical shape.
(Appendix A).

The structure could be fabricated from non-self-
supporting materials available in large sheets. Both the

floor and wall structures could then be fabricated from

single sheets of material minimizing the number of joints.




L 6.4 m Diameter >

Elevation view

Fig. 5.1 Conical grain bin.
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The structure could be fastened together using Poly-
zip for the bottom joint‘between the wall and floor. Poly-
zip or Polykan tape could be used to complete the seam on
the walls which forms the semi-circular piece of material
into the conical shape.

During filling, the structure requires either
an internal or an external support system. Internal support
systems include removable frames, permanent frames, and
inflation systems. Installation of frames inside the com-
pleted bin before loading is extremely difficult. An infla-
tion system, however, could be easily set up to suopvort the
structure. The inflation system is advantageous due to the
uniform support exerted by the air on the structure during
loading and unloading. The inflation system could also be
utilized for more than one bin to amortize the cost of the
inflation system over several structures.

External'support systems include removable frames
and the use of the grain auger as a support. The removable
frame is disadvantageous since a high-strength, light-weight
structure is required to span the grain bin (diameter equals
6.4 m). Attachment of the bin to the framework is also a
difficult problem since the bin is 5.5 m high during loaéing.
Suspension of the grain bin on the grain auger spout is
advantageous since cost of this system is negligible., Diffi-
culties with this support svstem include grain auger stability

which could be exceeded by the extra weight of the bin which
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is attached to the spout. Attachment of the bin to the
auger outlet is also a problem since the bin is on the
ground and must be attached to the spout of the auger which
is approximately 3 m above ground at its lowest voint
(Agricultural Machinery Administration, 1961). Difficulty
in unloading would also be eXperienced since no support for
the structure could be provided during the unloading procedure.

A conical bin was designed with the dimensions given
in Fig. 5.1. Wheat was used as the grain bulk with the
following properties: density = 0.882 metric ton/m3, angle
of repose, ¢ = 21.7°, and coefficient of friction on poly-
ethylene, p' = 0.366 (Gupta, 1971). Maximum lateral pres-
sures in the bin were predicted using Résal's formula
(Eg. (2.3)) and stresses in the walls corresponding to pre-

dicted lateral pressures were calculated using the following

equation:
T = LpD/Z ees (5.1)
where:
T = circumferential tension in bin wall, kg/m
| (load per unit width of material),
Lp = lateral pressure on bin wall, kg/mz, and‘ .
. :

bin diameter, m.
A tension value of 31.9 kg/m on the bin wall was pre-
dicted. This value exceeds the tensile strength of the

strongest non-self-supporting material, Fabrene TM grade,
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which has a tensile strength of 24.8 kg/m (Table 4.2).
Hence, the design was no£ feasible.

A small bin of aporoximately 17.7 m3 capacity was
constructed for structural testing to determine the effect
of the high tensile forces on the structure. The bin had
a radius of 2.1 m, a wall angle‘of 60°, and an overall
height of 3.6 m. A maximum tension on the bin wall of 14.1
kg/m was predicted using Eag. (2.3) and Eg. (5.1). The bin
was constructed entirely of UV4 polyethylene with a tensile
strength of 1.55 kg/m (Table 4.2). Joints were secured us-
ing Polykan tape. An interior wooden frame was constructed
to support the structure during filling. Wheat was used
for the test.

| Upon f£illing of the bin, there was excessive elonga-
tion of the wall due to the high stresses (Fig. 5.2). Fill-
ing was discontinued unon Buckling of the interior wooden
frame. Failure was induced by the high forces which were
transferred from the wall to the frame.

Results of the test indicated that no further work
could proceed in this area until non-self-supporting mate-
rials with high tensile- strengths and low elongation were

made available at low cost.

5.4 Cvlindrical Bin with Monolithic Wall and Conical Roof

A cylindrical bin with monolithic wall and conical

roof was next considered for study. A circular bin with a



Fig.

5.2

Conical bin under structural test.
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radius of 3.2 m, sidewall height of 1.5 m, and a conical
roof with a roof angle of 30° has a capacity of 69 m3

(Fig. 5.3). The roof angle of 30° was selected on the pre-
mise that the roof would be structurally loaded by cereal
grains which normally have an angle of repose less than 30°.
This was expected to minimize damage to the roof caused by
wind flutter,

A design stress of 17.2 kg/m on the bin wall was cal-
culated using Egq. (2.2) and Eq. (5.1). Fabrene TM grade
with a tensile strength of 24.8 kg/m was selected for the
wall structure of the bin. Available in 1.5 m widths, good
materials utilization is obtained as a piece of Fabrene
1.5 m x 20.4 m is required for the wall.

TU-TUF-2 poly sheeting was used for the floor and
roof of the structure. Its high puncture strength and large

widths make it ideal for this application. The white colour

should alsoc minimize heat uptake on the roof due to radiation.

The floor of the structure was fabricated from a
piece of TU-TUF-2 poly sheeting 6.4 m in diémeter. The roof
was fabricated ffom a piece of TU-TUF-2 poly sheeting 7.7 m
in diameter (allows 0.3 moverlap). A segment of 48.2° was
removed from the roof section to obtain the conical rQon
with a 30° slope (Avpendix A).

Polyzip was chosen as the fastening system for the

floor-to-wall joint and roof-to-wall joint. Polyvkan tave

was used for the roof joint. The wall joint was completed
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Fig. 5.3 Cylindrical bin with monolithic wall and conical roof.
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by using two metal strips each 1.4 m in length. The ends
of the Fabrene wall strip were wound around ecach metal strip
which were then bolted together. Polyzip was not used for
this joint due to the high tensile forces present in the wall
membrane.

A support system for the bin was regquired during the
loading procedure due to the non-self-supporting materials
utilized in the design. An inflation system consisting of
a 0.19-kW furnace fan and an air duct made from polyethylene
was selected for this purpose. The air entered the hin
thfough a hole placed in the roof near the grain filling
spout. Two one-way flap valves each consisting of a piece
of TU-TUF-2 poly sheeting were taped inside the bin over
the air entrance spout and the grain filling spout. The
function of the valves was to prevent loss of air during fill-
ing. Hence, the fan need not owerate continuously.

A bin of the given dimensions was constructed and
structurally tested. Barley with a density of 0.770 metric
tons/m3 was used for the test.

The bin did not perform as expected. Great difficulty
was experienced with the air inflation system. Over-inflation
of the bin occurred resulting in an unstable structure. Any
slight breeze caused the structure to move a large amount
both laterally and vertically. Stakes had to be provided
along the bhase of the structure to prevent movement. When

the fan was stopped, the bin did not remain inflated.
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Rather, air escaped ranidly from the air duct spout and
grain filling spout. The rapid deflation (approximately
2 min ) indicated that the air valves were not functioning.

Filling of the structure with gfain waé also a prob-
lem. Any small eccentricities in loading resulted in the
structure leaning over. This leaning further aggravated
the .eccentric loading; Concentric loading is important in
this type of structure to balance the wall stresses induced
by the grain bulk.

The monolithic wall constructed df Fabrene did not
function nroperly. High elongations in the Fabrene resulted
in sagging of the wall (Fig. 5;4). This resulted in an in-
crease of the bin diameter which would require an auger
reach in excess of 3.2 m, the reach of a medium-length grain
auger.,

The roof did not load as expected. The roof angle
was too shallow which resulted in no lateral loading of the
roof membrane. Hence, wind flutter would probably be a
problem.

Unloading of the structure was relatively easy. The
Polyzip joint between the wall and roof was unfastened. The
roof was then removed and a grain auger inserted into the
grain bulk (Fig. 5.5). The bin had to be unloaded evenly to
prevent wall sagging. Fasy clean-up was facilitated by the
TU-TUF-2 floor which did not puncture under severe abuse.

The results of the structural test indicated the



Fig.

5.4

Cylindrical bin with monolithic wall and
conical roof under structural tests.



Fig.

5.5

Unloading of cylindrical bin with
monolithic wall and conical roof.
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following requirements:
1. A better inflation method.
2. A steeper roof angle.
3. A wall structure with low elongation.
4. A better filling method to permit concentric

loading.

5.5 Cylindrical Bin with Composite Wall and Conical Roof

Based upon the previous test results, a new design
was formulated which incorporated a composite wall,

Steel mesh was used as a wall reinforcement to resist the
horizontal and vertical loadings imposed upon the wall
structure by the grain bulk. The mesh allows a low tensile
strength material to be used as a wall membrane.

The comvosite-wall bin had a radius of 3.2 m, wall
height of 1.5 m, and a roof angle of 35°. A steeper roof
angle was chosen to provide loading of the roof membrane.

A capacity of 70 m3 is obtained in this structure.

TU~TUF-2 poly sheeting was selected as the membrane
for the roof, wall, and floor. Wire mesh, 6 x 6 - 10/10
gauge was selected as a wall reinforcement to encircle the
bin. The wire mesh has a tensile strength of 17.6 kg/m -
which is greater than the calculated design stress of 17.2
kg/m (Sec. 5.4).

The floor and roof structure were fabricated from
TU-TUF-2 poly sheeting 6.4 m in diameter and 7.9 m in diam-

eter, respectively. The wall was fabricated from sections



of material 1.5 m x 20.1 m.

Fastening of the TU-TUF was accomplished using Poly-
zip for the roof-to-wall joint and floor-to-wall joint.
Joints on the roof and sidewall were fastened together us-
ing Polykan tape. The ends of the steel mesh were fastened
together by overlapping the ends of the wire and twist-tying
them,

An air inflation system was used to support the struc-
ture during loading and unloading. A combination grain
filling spout and air valve was taped to the top of the bin
(Fig. 5.6). Air entered the spout from a duct which was
attached to a hole in the side of the spout.

buring inflation, the valve was closed by air pressure,
When filling began the grain flow opened the valve which
then blocked the aii duct to prevent over-inflation of the
bin. The resultant increased backpressure on the fan caused
a reduction in the air volume.

The valve was constructed from a cardboard tube with
an outer diameter of 25.4 cm. TU-TUF-2 poly sheeting
attached to Polyzip tape was used for the valve diaphragm.
The Polyzip tape provided a flexible valve which conformed
to the curved surface of the tube during grain loading.
Polyzip channel attached to the tube prevented the valve
from opening outwards during inflation.

Steel stakes were driven into the ground every 1.8 m

around the bin circumference to anchor the bin firmly to the



Fig. 5.6 Combination grain filling spout and air
valve shown in the loading position.
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ground during inflation (Fig. 5.7). The stakes locked over
the tape scction of the Polyzip.

A bin was built and structurally tested using barlev
with a density of 0.770 metric tons/mB, From a structural
standpoint, the test was successful. The bin had an actual
capacity of approximately 70 m3, The bin wall withstood
the horizontal and vertical stresses imposed by the grain
bulk. There was little elongation of the bin wall due to
the forces acting upon it.

The roof did not load as expected. Only the lower
roof section was internally loaded by'tbe grain. It was
not practical to continue filling and load the upper roof
section as there was little clearance between the grain bulk
and the roof,.

The roof eave did not occur at the top Polyzip joint
(roof-to~wall joint). Rather, a "climbing" effect of the
roof on the steel mesh was exhibited (Fig. 5.8). This phen-
omenon 1is advantageous because then the top Polyzip joint is
not directly exposed to run—off wvater from the roof. There
was no danger of the roof structure sagging over the top of
the steel mesh since the steel mesh is 1.5 m high while the
actual height of the wall membrane is 1.4 m. Fastening °
overlap of 10 cm caused this reduction in wall height.

Inflation of the bin was a problem. The combination
filling spout and air valve did not function proverly. The

filling spout flexed with the roof membrane and tilted
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preventing easy entrance of the grain auger spout. Also,
over-inflation of the bin occurred. The fan had to be turned
on and off to prevent this phenomenon.

The inflation problem was rectified by removing the
valve from the roof. A hole was punctured near the top of
the roof and the air duct inserted. 2Air was allowed to
escape through the grain filling spout at the apex of the
roof. Inflation time was.slightly longer (from 15 min to
20 min) but an air release was provided for the structure;
Hence, over-inflation was not as critical as with the air
valve.

Uniform loading of the bin posed a difficulty. Eccen-
tric loading was still present although the composite wall
withstood some of the uneven loading.

Cost of the structure, as calculated in Appendix B,
was $1.07 per m3. Tﬁis was assuming a two-year design life
on all components. However, the fan, steel mesh; and Poly~-
zip may be used five or six times. Therefore, the yearly
storage cost was over-estimated to predict a realistic cost
figure.

Results of the test indicated:

1. The design was structurally sound.

2. Uniform loading of the bin was a problem. Concen-
tric circles painted on the bin floor could aid
the loading vprocedure.

3. The air inflation system (no valve) was adequate,

but could be improved.



6. LONG-TERM STORAGE TESTING

6.1 Initial Plan

Based upon the results of the structural tests, the
cylindrical bin with composite wall and conical roof design
was chosen for a storage test of one-year duration. Three
bins of similar design but different venting systems were
to be built. The purpose of the different venting systems
was to determine their effect on the grain gquality during
the storage period. A different length of wall reinforce-
ment was used for each bin to detérmine its effect on bin
capacity and location of the top Polyzip joint (WClimbing"
effect). Two different taving techniques were used for fas-
tening the TU-TUF-2 poly sheeting wall joint and roof joint.
The purpose of the different tapihg techniques was to deter-
mine the life of the two tapes (Polykan and TU-TUF) under
extreme environmental conditions.

During the storage period, temperatures were to be
continually monitored to determine the presence of any hot
spots in the bins resulting from localized biological activ-
ity. Moisture contents and protein Contents were to be taken
periodically to determine any loss of grain gquality over the
storage period. Insect, mite, and mould counts were to be
taken at the termination of the storage period to determine

the cause of any grain deterioration which occurred.
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6.2 Test Bins

6.2.1 Structural features

Three bins, referred to as bins A, B, and C, with a
capacity of 35 m3 were built. Bins with a cawvacity of 70 m3
each were preferred, however, the unavailability of large
wheat stocks from the fall harvest made this impractical.
The diameter, sidewall height, and roof angle of each bin
was 4,9 m, 1.5 m, and 35°, respectively. The floor was fab-
ricated from pieces of TU-TUF-2, 4.9 m in diameter. Roofs
were fabricated from pieces of TU-TUF-2, 6.1 m in diameter.
This allowed for an overlap of 10 cm on the roof-to-wall
joint. The sidewalls were fabricated from sections of
TU-TUF-2 1.5 m x 15.3 m (includes 10-cm overlap). Wire mesh,
6 x 6 - 10/10 gauge, 1.5 m in width was used for the wall
reinforcement. The length of the wire mesh for test bin A
was 15.5 m; for test bin B, 15.2 m; and for test bin C,

14.9 m.

Fastening of roof-to-wall and floor-to-wall was accom-
plished with Polyziv., The wire mesh ends were fastened to-
gether by overlapping the wire ends and twist-tying them
together. Polykan tape was used for fastening the TU-TUP-2
wall joint and roof joint on bins A and B. TU-TUF tape &as
used for fastening these joints on bin C.

6.2.2 Venting

Different venting systems were constructed for each of

the bins. The vent on bin A consisted of a section of 1l0-oz
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brown waterpnroof canvas duck 46-cm square. A TU-TUF-2 poly
sheeting edge, 5 cm in width, was stapled to the canvas pe-
rimeter to permit easy taping. The vent was taped over the
grain bin filling spout upon completion of the filling pro-
cedure. Theoretically, the canvas duck breathes which
allows the escape of moisture from the bin to the environment.

The vent on bin B was constructed from a section of
cardboard tubing (Sonotube) with an outer diameter of 25.4 cm
and a length of 75 cm (Fig. 6.1). Three holes, 15 cm x 15 cm,

5 cm

with equal circumferential spacing were cut in the tube
from the bottom. Two holes, 15 cm x 15 cm, were cut diamet-
rically opposite, 10 cm from the top of the tube. Upon com-
pletion of loaaing the bin, the vent was inserted throuch
the grain bin filling spout to a depth of approximately 30 cm.
The vent was then taped to the roof. A 22.7-4 container
30 cm x 40 cm was placed over the top of the vent to prevent
snow and rain from entering the bin, yvet providing for air
circulation (Fig. 6.2).

Bin C did not incorporate a vent. TU-TUF-2 poly sheet-

ing was taped over the grain bin filling spout upon comple-

tion of loading.

6.3 Loading and Unloading Procedure

Loading of all three bins occurred in September, 1973.
An air inflation system similar to that described in Sec. 5.4

was used. Air entered the structure through a hole near the
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Fig. 6.1 Sonotube vent.
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apex of the roof (Fig. 6.3). Anchor stakes were provided
every 1.5 m around the periphery of the bin to constrain
the structure prior to filling.

To permit uniform loading of the bins, concentric
circles were drawn on the floor of each bin. A small plas-
tic window 30.5-cm square was provided on fhe roof of each
bin to view the loading. Any eccentricities in loading
could be easily corrected. A movable grain auger‘spout was
provided for this purpose.

Unloading of bins A and B occurred in January, 1974
while bin C was unloaded in November, 1973 due to a moisture
problem. The bins were unloaded in the manner described in

- Section 5. 3.

6.4 Measurement Technigues

6.4.1 Temperature

Temperature measurements were taken in each bin at
13 locations (Fig. 6.4). Temperatures on the floor of each
bin were measured with 18~gauge (B&S) cobper-constantan
thermocouples taped to the floors before filling. Tempera-
tures down the centre of each bin were measured with 22~
gauge (B&S) copper-constantan thermocouples. The thermo-
couples were attached together at their respective distances
to form a harness. This harness was pushed to the bottom of
the bin with a 1.8-cm diameter wooden rod. A nail was placed

at an incline 61 cm from the bottom of the rod. The harness
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was attached to this nail to ensure that the harness was
located 61 cm from the floor. The rod was removed after
inserting the thermocouples. The thermocouple temperatures
were read on a thermocounle indicator with minimum gradua-
tions of 0.25 C. Temperatures were taken every two days
initially. As the temperatures in the bins stabilized,
frequency of measurement was decreased.

6.4.2 Sampling nrocedure

Bins A, B, and C were sampled in September, 1973
(start of test period) and November,‘l973. " Bins A and B
were sampled in January, 1974. Bin B was only partially
sampled at this time due to unexpected unloading by the
farmer.

Grain samples were taken at the centre of each bin
at depths of 30 cm, 61 cm, 122 cm, and 183 cm using a 250-g
torpedo probe. Samples were also taken at areas of suspected
high moisture content during’the unloading of each bin
(Table 6.1).

The samples were stored in plastic bags in a cool
room (0 C) until testing could be done in the laboratory.
Moisture content of each sample was determined by oven drying
whole kernels at 130 C for 19 h (ASAE, 1972). Protein céntent
and grade of each sample weremeasured by the Canada Grains
Commission.

At the termination of the test veriod for bins A and

B, seed viability, fungal flora infection, and insect and mite
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infestations were determined from the samples taken from
the locations shown in Table 6.1. Viability (germination)
of cereal seeds and their associated fungal flora were de-
termined by randomly selecting 25 seeds from each sample.
The seeds were incubated for one week at room temperature
(17 C to 24 C) on filter paper saturated with sterile water.
Insects and mites were extracted from each sample (245-g)
by placing the sample in Berlese funnels under 100 W incan-

descent electric bulbs for 24 h. (Sinha, 1964).




Table 6.1

Description of additional sample locations in
bins A, B, and C during unloading.

BIN

CODE LOCATION

A A-NT North side of bin, roof-to-wall joint

A-ST South side of bin, roof-to-wall joint

A~-ET East side of bin, roof-to-wall joint

A-WT West side of bin, roof-to-wall joint

A-NB North side of bin, floor-to-wall joint

A~SB South side of bin, floor-to-wall joint

A~-EB East side of bin, floor-to-wall joint

A-WB West side of bin, floor-to-wall joint

A-Floor Centre of bin floor
B B-FN North side of bin, floor

B-FS South side of bin, floor

B-ST South side of bin, roof-to-wall joint

B- (ST~.5) South side of bin 15 cm below roof-to-wall joint

B-(ST-2.) South side of bin, 61 cm below roof-to-wall joint
C C-FN North side of bin, floor

C-FW West side of bin, floor

C-NT North side of bin, roof-to~-wall joint

C-WT West side of bin, roof-to-wall joint
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7. RESULTS AND DISCUSSION

7.1 Filling Technique

Difficulty was experienced in loading the bins.

Gusts of wind caused lateral movement of the bin roofs and
walls. The lateral movement resulted in several anchor
stakes on the windward side of each bin to lift out of the
ground. The bins began to overturn within the confines of
the steel mesh making insertion of the grain auger spout
into the bins difficult.

Eccentric loading of the bins was a problem. With
theraid of the concentric circles painted on the floor of
each bin and the roof window, the gfain auger spout was ini-
tially adjusted to load the grain directly in the centre of
each bin. However, during loading the grain would load one
side of the bin more than the other. To compensate the
grain auger spout was continually adjusted to provide uni-
form loading.

The roof membrane of each bin was only partially
loaded by the grain. BAs the lower section of the roof (por-
tion above the eave) was loaded the clearance bhetween the
upper roof section and the grain bulk decreased. At this
point, the air filling duct was removed from the bin and the
air hole was taped closed to prevent loss of grain through
the air filling spout. Since there was now no support system
for the remaining roof section, sagging of the roof occurred
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and filling had to be discontinued.

Upon completion of loading the roof-to-wall joint
had a different location in each of the bins. In test bin
A (15.5-m steel-mesh circumference, 15.,2-m wail—membrane
circumference) and in test bin B (15.2-m steel-mesh and
wall-membrane circumference) the roof joints were 10 cm and
15 cm below the eaves‘of the bins, respectively. The roof-
to-wall Polyzip joint was loaded laterally (tensile locading
perpendicular to the joint) due to the elongation of the
wall and roof membrane. The bin roof ségged over the joint
and protected it from run-off water. The capacity of each
bin was approximately 35 m3, Although bin C had a larger
diameter than bin B, the wall height (floor to eave) was
5 cm less than in bin B resulting in similar capacities.
Hence, there appeared to be no advantage in utilizing a
steel mesh circumference greater than the circumference of
the wall membrane.

The roof-to-wall joint in test bin C (14.9-m steel-
mesh circumference and 15.2-m wall-membrane circumference)
was located at the eave of the bin. Hence, the Jjoint was
not protected from water run-off. The top Polyzip seam was
not laterally loaded to any extent. Due to the excess of
wall and roof membrane materials, the bin sagged over the
top of the steel mesh causing slight tearing of the material
at that point. The tears were taped closed with Polykan

tape to prevent the entrance of moisture. Capacity of the
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bin was approximately 35 m3° Although bin C had a smaller
diameter than bin B, the greater wall height in bin C

accounted for similar capacities.

7.2 Weathering Effects

Weathering effects on the steel mesh and wall mem-
branes of the test bins were negligible. However, the test
period was relatively short and more damage could occur dur-
ing a longer test period. There was no difference in the
weathering effects on TU-TUF tape and Polykan tape. Minor
damage to the roofs was effected by the wind. Small pin
holes developed in the roof membranes of all three bins.

The pin holes were pnrobably fatigue failure of the material
resulting from wind flutter. High wiﬁds tore the roof mem-
brane joints on test bin B and test bin C. The joints were
repaired with their respective tapes. Difficulty, however,
was experienced with tape adhesion at temperatures less than

0 C.

7.3 Moisture Content

No correlation could be made between the change of
moisture content in each bin over the storage period and its
corresponding venting (Table 7.1). This was mainly due to
the short storage period. If the bins had remained for the
summer storage period more conclusive results might have
been obtained.

Moisture contents as high as 25% (wet weight basis)



Table 7.1

Moisture contents along the centre axis of each bin.

MOISTURE CONTENT, % WET WEIGHT BASIS

TEST SAMPLE DEPTH,
BIN cm - SEPTEMBER, 1973 NOVEMBER, 1973 JANUARY, 1974
A 30 12.0 12.8 12.8
61 12.0 12.4 12.4
122 11.9 12.2 12.8
183 11.9 12,4 12.3
Mean 12.0 12.5 12.6
B 30 12.3 12.9
61 12.5 13.4
122 12.9 12.5
183 14.7 12.2
Mean. 13.1 12.8
c 30 12.5 12.8
61 13.3 12.7
122 11.5 12.6
183 12.2 12.3
Mean 12.4 12.6
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were obtained in many areas along the roof-to-wall Polyzip
joint in test bin C (Appéndix C). In test bins A and B
there was little deterioration along the roof-to-wall Poly-
zip joint. An average moisture content of 12.4% was obtain-
ed for the roof-to-wall Polyzip joint in test bin A. Data
were not available for the joint in test bin B because the
bin was unloaded by the farmer before samples could be
obtained.

The poor sealing characteristics of the top joint in
test bin C resulted from the low lateral loading of the
Polyzip. An inherent characteristic of the Polyzip fasten-
ing system is that a high lateral loading results in a
closer fit between the tape and channel components of the
system. Since a high lateral load was not opresent, moisture
migrated into the bin through the joint. The location of
the joint at the eave of the bin also contributed to the
moisture problem. Water was trapped in the joint after a
rain and could not run off the bin. In test bins A and B,
the joints were below the eave and were afforded protection
by the overlapping roof section.

There was a layer of deteriorated grain approximately
2.5 cm thick in many areas on the floors of all the test
bins. Moisture contents in the range of 15.1% to 54.5% with
a mean of 24,7% were measured. However, the moisture did
not appear to enter the bins through the floor-to-wall Poly-

zip joints which were laterally loaded. Rather, moisture



57
entered the structure through several small holes in the
floors. The holes were likely caused by debris under the

bins which punctured the floors.

7.4 Temperature

Average initial temperatures of the grain in test
bins A, B, and C were 16.1 C, 14.0 C, and 20.7 C, respec-
tively. As the average temperature of the ambient air
(aveiage of the mean daily temperatures over a ten-day span
taken at the Winnipeg International Airport) decreased dur-
ing the storage period the temperatures at the majority of
thermocouple locations also decreased.

Early in the storage period, however, hot spots de-
veloped at thermocouple location 1 in bin A and at thermo-
couple location 4 in bin B (Fig. 6.4). The temperature at
location 1 was approximately 11 C greater than the average
temperature of the four thermocbuples located on the floor
a radial distance of 120 cm from location 1 (Fig. 7.1).

The hot spot occurred two weeks after filling the bin and
lasted for approximately two weeks. The temperature'at
location 4 in bin B was also approximately 11 C greater
than the average temperature of fhe other three thermo-
couples locations on the floor a radial distance of 120 cm
from the centre of the bin floor (Fig. 7.2). The hot spot
occurred three weeks after filling the bin and lasted for

approximately three weeks. The above normal temperatures
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indicated that deterioration was taking place at these
localized areas (Sinha and Wallace, 1965). Unloading of the
bins confirmed that deterioration had occurred at the locali-

zed hot spots.

7.5 Grain Condition

Protein content of the wheat along the centre axis
of each bin did not change ampreciably during the storage
period (Table 7.2) as would be expected from previous work
(zeleney, 1954). Protein contents taken at additional sample
locations in each bin (Appendix C) were in accordance with
-their respective center values.

The commercial grade of the wheat in bin 2 at a
depth of 183 cm decreased (Table 7.3). This decrease may
have been caused by grain deterioration near the floor of
the bin although the grain at this location appeared normal
during unloading. A grade discrevancy was also noted at
the 122-cm sample depth. The discrepancy at this location
is attributed to sampling and grading techniques. It is
highly probable that the probe did hot sample from exactly
the same.point, No grade discrepancies were observed in
bin B. In bin C the grade at all sample points decreased
from No. 2 C.W. Red Spring to No. 3 C.W. Red Spring. This
drop of grade is unexplainable. Wheat grades at additional

sample locations are given in Appendix C.



Protein contents along the centre axis of each bin.

Table 7.2.

O

(%4

PROTEIN CONTENT

TEST SAMPLE DEPTH,
BIN cm SEPTEMBER, 1973 NOVEMBER, 1973 JANUARY, 1974
A 30 13.0 13.3 13.2
61 13.2 13.6 13.4
122 13.5 13.8 13.4
183 13.5 12.8 12.6
Mean 13.3 13.4 13.2
B 30 12.0 12.0
61 11.9 11.4
122 12.1 12.1
183 13.1 13.4
Mean 12.3 12.2
C 30 12.0 12.1
61 11.6 11.4
122 11.5 11.3
183 11.4 11.2
Mean 11.6 11.5
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Table 7.3 -

Grade of wheat along the centre axis of each bin.

*
TEST  SAMPLE DEPTH, GRADE
BIN cm SEPTEMBER, 1973 NOVEMBER, 1973 JANUARY, 1974

A 30 No. 1 No. 1 No. 1
61 No. 1 No. 1 No. 1
122 No. 1 No. 2 No. 1
183 No. 1 No. 3 No. 3

B 30 No. 3 No. 3

61 No. 3 No. 3

122 No. 3 No. 3

183 . No. 3 No. 3

C 30 No. 2 No. 3

61 No. 2 No. 3

122 No. 2 No. 3

2 No. 3

183 No.

*All grades are Canada Western Red Spring Wheat.
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- 7.6 Agents of Deterioration

7.6.1 MicroflOral

High infection of Alternaria, a field fungus, occurred

at most sample locations in the bins except for locations
near the bin floors and also at location A-NT (Table 7.4).

The presence of high Alternaria infection indicated healthy

grain at these locations.

Aspergillus infection was negligible and Penicillium

relatively light. The high infection of Scopulariopsis

(location B-FN and B-~FS) was probably responsible for the
zero germination at these points. As a consequence, these
two samples were surface sterilized with 10% Javex for 2 min
and plated on Czapek's agar and on Malt Salt agar.

On both of these agars a high presence of Scopulariw

opsis; 94% infection at location B-FN and 100% infection at
location B-FS, was found. 1In addition, the Czapek's agar
produced 100% bacteria infection at location B-FS and 36%
bacteria infection at location B-FN. On the Malt Salt agar
25% of all the seeds at both locations produced fungi of

the Aspergillus glaucus group.

Normally, one would expect Aspergillus to be the

primary cause of deterioration, Scopulariopsis a secondary

cause, and bacteria a tertiary cause. As moisture content

lsec. 7.6.1 was written in donjunction with Mr. H.A.H. Wallace,
Winnipeg.



Table 7.4

Microflora on seed stored in test bins A and B
(freguency of occurrence of kernels plated on saturated filter vaper, %).
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of the grain increased, these agents would normally invade
the grain in the above order. Because the infection with

Scopulariopsis is much higher than for the Aspergillus

species it is difficult to conclude whether the Scooulari-

opsis is inhibiting the Aspergillus on the agar plates or

whether it in itself was the actual fungus that caused the
deterioratior of the seed. It is probable that the sudden
increase in the moisture content of the grain on the floor
of test bin B raised the moisture content of the seed to

conditions suitable for the growth of Scopulariopsis.

7.6.2 Mites

A large infestation of mites occurred in bin A at
the floor sampling location, A - Floor (Table 7.5).

Tyrophagus zachvatkini Volgin was the predominant species

at this location with 449 mites occurring in a 245-g sample.
A moisture content of 17.7% wet weight basis and a tempera-
ture range of 5 C to 27 C (Fig. 7.1) provided an ideal en-
vironment for growth (Sinha, 1973). Although the mites did
not appear to have caused heavy deterioration, they are bio-
indicators of impending deterioration.

7.6.3 Other agents of deterioration

Other agents of deterioration{ insects, rodents, and
birds were not present in the bins. Several rodent trails
had been made in the snow around the bottom of bins A and

B, but no damage to the bins occurred.



Table 7.5

Location, number, and species of
mites in test bins A and B.

LOCATION MITE COUNT SPECIES

A-Floor 449 Tyrophagus zachvatkini Volgin
A-WB 2 Tvrophagus zachvatkini Volgin
A-EB 1 Stigmaeidae

A-SB 2 Proctolaeps scolytyi Evans
B-FN - 1 Proctolaens scolytyi Evans
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8. SUGGESTIONS FOR FUTURE STUDY

Structural tests indicated that a conical grain bin
and a cylindrical bin with a monolithic wall and conical
roof were not adequate for grain storage. The main reason
for their unsatisfactory performance was that materials
with high tensile strengths and low elongation are not pre-
sently available at low cost.

The cylindrical bin with composite wall and conical
roof withstood structural loads imposed by the grain bulk.
The bin, however, was not effective in preventing grain de-~
~terioration during a four-month winter storage period.
Althéugh the amount of grain deterioration was minimal, con-
tinuation of the test during spring and summer would have
probably resulted in more grain spoilage.

Grain deterioration was affected by the entrance of
moisture into the bin through the roof-to-wall Polyzip joint
and through the floor membrane. The problem could be elim-
inated through the use of more puncture-resistant materials
for the floor membrane. A fastening system with closer
tolerancés would minimize moisture migration through the
roof-to-wall joint. .

Problems with the roof section were also encoﬁntered°
The bin could not be filled so as to structurally locad the

complete roof section. Damage to the roof membrane was in-

flicted by wind flutter. The use of stronger materials for
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the roof membrane could alleviate the problem. An improved
loading system which allows structural loading of the roof
would also provide a solution to the problem.

Development of better unloading systems is also
required. The unloading procedure which was used for the
test bins was adequate. However, to permit partial unload-
ing of the structure, an unloading hatch or épout would be
desirable.

Estimated costs of storing grain in the cylindrical
bin with composite wall and conical roof was $1.07 per m3
 per year based upon a two-year design life of all components.
This was in accordance with the estimated yearly storage
cost of $1.00 per m3. However, based upon the inability of
the structure to prevent grain deterioration during the four-
month storage period future work should consider a cost
greater than $1.00 per m3. This would allow better materials
to be utilized in the design and hence maintain grain quality

over a one-year storage veriod.
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APPENDIX A

COMPUTATION OF MATERIAL SECTION REQUIRED TO FORM A CONE

Formation of a cone (Fig. A.1l)

from a circular sheet

requires that a segment of the sheet be removed. The re-

maining section is then fastened together to form a cone.

From Fig. A.2:.

B = S/R

For circumferences to be equal:

2mr = 27R - S

or

S = 27(R - 1)

Substituting Eq. (A.3) into Eqg.

to degrees:

_27(R - r) (180)

R i
or
= - L
o = 300t - 7]
But r/R = cos ©

Substituting Egq. (A.6) into Eq. (A.5):

B = 360(1 - cos 08)
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where: 8=wall angle of cone, radians

r = radius of the base, m
R = length of the conical sidewall,m

Fig. A.l Conical wall .

where: R = radius of the material section , m
S = arc length of the segment,m
[3= segment angle, radians

Fig. A.2 Material section.
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APPENDIX B

BIN MATERIALS AND COST

Based on volume discounts on the material for 300

bins and excluding federal sales tax, the cost of material

for one cylindrical bin with composite wall and conical

roof is:
Polyzip Fastening
- 40.8 m @ 45.9¢/m . . . . . . . . e e

Wire Mesh 6 x 6 - 10/10 5
- 1.5mx 20.7m @ 44.1¢/m o o o o o s

Polykan Tape :
- 5 cmx 30.5m . . 4 6 6 6 e o o e o

TU~-TUF~-2 Poly Sheeting
= 2 L1/2mil . ¢ ¢ s e s e e+ e s e e = e

Floor -

. $19.00
13.75
. 2.50

6.4 m x 6. 2 2

Wall - 1.5mx 20.4 m{ 145 m” @ 21.5¢/m 37.00

Roof - 7.9 mx 7.9 m + 17 1/2% duty :

Air Duct - 1.2 m x 9.2 m
Used Furnace Fan and Motor . . « « « « .+« = . 20.00
Polyzip TOOL v o ¢ ¢« & o ¢« « o o o o o o o o & 3.00
Stakes (10 reaquired) and Miscellaneous . . . . . 4.75
TOTAL & v o o o o o o o o o o o o o o o o o o & $100.00
Handling Charges and Profit . . . . . . . . _50.00
TOTAL + « & o o o & o o o o o o o o o o o o o o $150.00

Design Life = Two Years

. . Yearly Cost*= 75‘03 = $l.07/m3

70 m

*Based on 1973 material cost index.

73



VL

APPENDIX C

DATA AT ADDITIONAL SAMPLING LOCATIONS

Table C.1

Moisture content, protein content, and grade at additional
sample locations in bins A, B, and C.during unloading.

MOISTURE CONTENT, % %
CODE 2 WET WEIGHT BASIS PROTEIN CONTENT - GRADE

A-NT 12,2 13.1 No. 1 C.W.
A-ST 12.3 12.7 No. 1 C.W.
A-FT 11.8 13.0 No. 1 C.W.
A-WT 13.1 14.1 No. 1 C.W.
A-NB 12.6 13.8 No. 1 C.W.

~ A-SB ‘ 12.3 13.2 No. 1 C.W.
A-EB 11.8 13.8 No. 1 C.W.
A~-WB 51.5 13.8 No. 1 C.W.
A-Floor 17.7 ' 12.6 Heated sample
B-FN 24,2 Sample size too small Heated sample
B~FS 22.9 Sample size too small Heated samole
B-ST 27.5 11.3 No. 3 C.%W. (damp)
B- (ST~.5) 12.3 12.3 No. 3 C.W.
B-(ST-2.) 14.1 12,1 No. 3 C.W.
C-FN - 54.3 Rotted sample Rotted sammle
C-FW 15.1 11.0 No. 3 C.W. {(tough)
C-NT 25.5 11.9 No. 3 C.U.** (damp)
C~-WT 17.1 , 11.4 No. 3 C.W. (tough)

*Red Spring Wheat.
**Canada Utility.



