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ABSTRACT

B{ERGENCY GRAIN STORAGE BINS

by

Ajít Kunar

The amount of grain in storage on a $Iestern Canadían farm

fluctuates with crop yields and markets. In the years of over production,

emergency structures are needed to store the surplus grain on the farms.

DurÍng Èhe sununer 1975, material choices for the fabrícatíon of ernergency

bins r,rere reviewed and three bíns with different configurations were

designed, fâbTicated and structurally tested. Sased on the summer tests

four cross-laminated pol-yeËhelene sheetíng bins and one polyolefin woven

fabrÍc wall-bin, each having a capacity of 36 n3, were designed and

fabricated for use ín a storage test frÕm September L975 to June 1976.

The cross-laminatetl polyethelene sheeting bins weïe pernânently supported

by wíre mesh and the polyolefin r¿oven fabri-c bin was supported by wooden

stakes duríng fíllíng. To compare Èhe results of ernergency bins wÍth

permanent bins, one plywood bln and one sÈee1 bin were also erected in

early f a1-1.

Design varÍabLes studÍed during the sËorage tests includeil type,

colour and thíckness of materials, fastening systems, venting systems'

Toof fasteníng materials, extra fLoor sheeËing and supportíng systems.

Graín spoilage characteristics such as ÈeDperâture, moisture content,

offíciaL grade and dockage were conpared åmong all seven bins.

The bín supported by wooden sÈakes failed during fÍl1íng and

could not be filled to design capacity. The other bins supported by



r,i7íre mesh perforned satisfactoríly except mice chernred holes in the

polyethelene sheeting under the snow piled arornd the bins during

r.íinter. The bin which did not have snow piled around iË, hras not

damaged by uríce,

Temperature üeasuremênts indicated the presence of hot spots

on the floors of the damaged bíns duríng spring. These hoË spots

developed after the snorn' melted and the r,r7aÈer entèred the bíns Èhrough

mouse holes. No such problem existed in the one emergency bín which

did not have mouse damage.

Except for a snall amounÈ of grain, the cotrlmerciâl grade of

Ëhe grain remained constant during storage in each of the bins, índícât-

ing the effectiveness of the bins ín preservÍng grain quality. GraÍn

deteriorâtíon ín the undarnaged bín and permanent bins (around 0.47") was

less than Ëhat in the danaged bins. (The trlaxÍmullt grain deteríoratíon

ln the damaged bins was 3.2%).

The capÍtal cost to a farmer of an emergency bln, 36 m3 eapacity,

was estimated to be about $200 which is less than Lhe value of the

stored wheaË. If the bin is used only once, Ëhe annual cost amounta to

$5.92 per n'. The annuaL cost reduces appreciably íf the bLn ls used

for two years or Íf the capacily of Èhe bín is increased.
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1. INTRODUCTION

In the Canadían Prairie PTovinces many farmers do noË have

enough permanenL granaries to store surplus grain and therefore periodÍc-

ally need some emergency storage structures. A permanent granary may be

defined as a structure that has an expected useable life of nany years

and is used for the long-term sËorage of grain. Whereâs, an emergency

storage atructure is defíned as â structure rnrhich may have a límited

useable life and can be used for short-term aËorage when the farmerrs

permanent storage space is Ínsufficient due to high yíelding crops or

poor markeËs or both. the amount of graín to be sÈored Ín any ¡rear

that exceeds Ëhe farmerrs permanent graín storâge space ís defined as

surplus grain.

It may be uneconomÍcal to build â permanent structure of wood,

steel or concrete for surplus grain, because the farmer will not utí1ize

the strucLure ín years of average or beLo¡,r average crop productíon.

Fixed costs such as deprecíatíon, Ínterest on irivesÈmenË and insurance

on the bin must be pald even though the bin is not used for storíng

graín. As a result, the total storage cost for permanent bins Íncreases

krhen the bÍns are used only infrequently,

Due to the lack of wel-1 designed emeïgency structurea farmers,

duríng years of surplus production, store surplus graín ín barns,

machínery sheds or in other farur buil-díngs r¡hich do not províde favor-

able conditions for the sâfe sLorage of grain. In many other instances

Èhe grain Ís stoted ín open pÍLes on the bare ground. Piling graín on

Ëhe ground is not a good method of storage since Èhe grain is exposed



Ëo ooisture absorpÈion from Èhe soil, rain and meltíng snovr. precipita-

tion nay soak into lhe grain pile providíng favorable conditíons for the

grorüth of mold, lnsects and mites.

A well designed emergency storâge strucfure, less expensive than

pernanent structures, is urgentLy needed by lJestern Canadian grain

gror.íers. The strucËure nust have a design l_Ífe of 6 to lZ monÈhs and be

able to hold the grain during Èhis storage períod, r^r1Ëhout deterioration

in qualiËy. The enpty emergency storage bíns should be light in r^7eíght,

and hence easy to handle. In ad.dÍtion, under emergency conditions, Ít

shoul-d be possible to erect the bins on an unprepared síte in a fer¿

hours r^ríth a lou¡ labour requirement. Average yearly cost for emergency

storage bins should be less than Ëhat of pernanent bins or any other

âlÈernate method used for the periodíc storing of surplus graín.

A study by Muir et a1. (1973) revealed thaË the emergency farm

bins that are presently used for storing graín on prairíe fârms are not

suitåb1e for preservíng grain qualíty duríng winter. Research work

conducÈed on the development of emergency blns by canby (1973) at Èhe

Uníversity of Manítoba resulted ín an irnproved emergency structure.

Al"though Èhe structure withstood the Load ínposed by the grain bulk,

it r4ras not effectíve ín preserving the grain quallty for the first

rüinter of storage. Improvements in the design should result ín a better

structure Èo preserve grain qualíty durÍng storage.

The obj ectíves of the research project r,üete:

1. To design a structuïe which naÍnÈains the quality of graín

stored under emergency conditions for at Least nine months

of sÈorage.



2. To fêbricâte ând structurally test the design bíns.

3, To study the effectíveness of the bins Ín preserving Èhe

grain quâlíty for at least one winÈer of storage.

4. To test the tensile strength of Ëhe structural materials.

To meeË Lhe objectives, thÏee series of tests r47ere carried out,

Three bins were designed, fabricated and stTucturally tested during the

sr¡nner of 1975. I'ive emergency bins were desígned, erected and loaded

in early fall ancl the condition of the stored grain was monitored for níne

months. To compare the condltion of grain stored ín the ernergency bins

with the conditíon of graÍn stored Ín permanent structures, one plywood

bin and one steel bin were also erected and loaded at the same time.

Tests on the tensile strength of Tu-Tuf sheeting and taped Joints r4rere

carríed out in the laboraËory.



2. REVIEII OI' LITERATIJRE

2.1 Varíables Affectine Grain alí

A bulk of stored grain is a mul-tÍvariate systen in r¿hich

deterioratíon results from interactíons among physícal, chemical and

bío1ogical variables. The important variables ¡,rhích are involved in

grain deËerioraÈion âre: moisture, temperature, oxygen supply, groürth

of mícroflora, insects and miËes and feeding by rodents and birds

(Sinha, 1973). These varíab1es affect the quality of graÍn as measured

by the grade, protein conÈent, fat acidÍty and nilling and baking

quality.

0f the varíous factors infl-uencing the rate of deterioration,

moisture and temperature are among the most lmporta.nt. The maxímum

moisture conÈent and temperature at ü7hich graín can be stored safel-y,

depend on the kind of grain, in1Èia1 conditlon of grain, granary struc-

ture ín which iË is sLored and length of storage period (Pomeranz,

1974). ].or{ temperature offsets the effects of high moÍsture with

respect to the hazards of ruold growth and insect deveLopment. Sín11åTly,

if the noisture contenÈ is maÍntaíned at â suffíciently 1ow 1eve1, graín

can be stored for long periods rrith 1Íttle deËerioraÈÍon even under

sÈorage conditíons that are otherhrise unfavorable.

The Íntergranular atmosphere in buLk grain is modifíed by the

respirâtíon of graín and activÍties of microflora, insects and miËes.

These phenomena result in depletion of oxygen and productÍon of carbon

dioxide, rarater and heat. In LhÍs process of respiration nitrogen

content remaÍns unchanged. The voLume of oxygen depl-etj.on is usually

very close to the volume of carbon dioxide production (Porneranz, L974).



A high carbon dioxide level in Ëhe íntergra¡ular åir of the grain bulk

normally indícates grain deterioration.

Insects, mites and mícro-organisms can develop ín pockets of

grain that have a high moÍsture content due to moisture migraËíon,

entrance of precÍpitation or initíally danp grain. Moísture migration

can occur in a grâin bulk of uniform moisture content as a result of

temperaLure gradients ín the bulk. High moisture contents and hígh

temperatures accelerate the respíratory action. Ileat produced by Ëhe

respiratíon causes deËeríorâtíon of grain through scorching of seed,

rêducËÍon of geñtrination and by províding more favorabl-e conditíons

for the growth and reproducLion of storage fungi, actinomycetes, mites

and insects (Sinha et aL. 1973).

crain feeclíng by rodents and birtls which are external biological

agents mainly depends on the síte of the granary, íts design and Èhe

material used in its consÈruction (Sínha, 1973). In open piles, the

bírds eat the grain and make small depressions in the surface. Iltater

soaks into the grain through these depression and thus favorable

condítÍons for noLd gror,lEh are provided.

2.2 Study of Presently Used Energency Ïarm Bins

A study of energency grain sËorage bins, used in southr,ûestern

ManÍtoba, r¡as carried out by Muír et â1. (1973), The research was

conducted to study Èhe condition of grain stored ín various types of

emergency farn bíns. Open-topped and polyetheLene-covered bíns contain-

ing the maín cereal crops: wheat, oaÈs and barley were studíed. A bin,

contâining barley, covered wíÈh bales of strahr and a bin, conÈaining



oats, covered r,ûith loose s trar{' r,.'eÏe also studied. The grain had been

stored in the bíns in the.fâll of L969 and the ueasurenents r,rrere taken

in l-âte spring ând early fall of 1970,

The research revealed that graín deteríoratÍon duríng wínter

storage could be reduced by covering the grain bulk ¡^ríth a polyethelene

sheet having å vent ât the apex of the cone. Polyethel-ene-covered bins

r,rithout a vent in the top of the pol,yethelene eover provlded a more

favorable envÍronment for the devel-opurent of mícro-organísms than bins

with a vent. The bins of barley and oats covered with bal-es of strar,T

and loose straw, respectively, had hígher moisÈure contents near the

top surfåce and valIs than the open-topped ânil polyethelene-covered

bÍns.

During sumner, deteríoratíon ín polyethelene-covered bíns . r

üras more than open-topped btns. The deterioration probâbly was caused

by precipítatíon entering through Èears r¿hích developed in the polyethe-

lene coveríngs. The polyethelene cover díd not permit the surface graín

Èo dry, whereas ín the open-Ëopped bins the precipÍtatÍon entered b¡rt

the grain could dry after â short períod. If the polyethelene cover

was in good condítion, the precípitation would probably not enter into

the grain pile. The researchers determÍned thaL the Ìtazards of stoïing

grain i.n temporary bins were greaÈer than when siniLar grain was stored

Ín p ermanent bins.

The research revealed the ineffectiveness of presently used

emergency grâin storage strucËures Ín preventing graln deterioratíon

and therefore, showed Èhe need for well designed graín storage struclures

whích could store grain safely for a short duration.



2.3 Development of Emèrgericy Structures

canby (1974) r'orked on the development of emergency grain

storage structures. IIe designed and structurally tested varíous bín

configuratíons using plastic as a structural- material. A eonical bin

with shaped fLoor was constÏucted entirely of polyethelene. During

fÍl-ling, the bin l/as supported by an ínterior vrooden frame. Upon

fillíng of the bin, faÍlure of the ínterior ¡qooden fra¡ne occurred due

to high elongatíon of the polyethelene. llork on conical bÍns was

discontinued due Ëo the unavailabilíty of low cost high-tensíle

strength material.

A cy1índrical bín with a Ïabrene wa1l, shaped floor and conical

roof was next studied. An aiÏ inflatíon system consísting of a furnace

fan and air duct was used to inflate the bin duríng fÍllÍng. UÞon

filLíng, the bin failed due to excessíve elongation of the Fabrene.

The âir ínflation systern did not function properly. A slight breeze

couLd cause the ínflated structure to move excessivel-y. The equipment

needed to inflate the sËructure increased the cosË of the systen.

Moreover, the avaílabiLiÈy of the electrícity aÈ the erection síte

night be a problem.

A cylindrical bin r¿Íth Tu-Tuf wall, shaped floor and conical

roof r¡as next consídered in Ëhe study. The bin r¿all was reinforced with

wire mesh to resist the loads inposed by the grain bu1k. An ímproved

aír inflatÍon system r.'ras utilized. The bÍn was structurall-y tested ãld

was satíafactory from that stånd poinË. Therefore, three bins of

sinilar desÍgn, but with differenÈ ventíng systems ' were built and tested

to deÈermine their effectÍveness in maintainíng grain quality during



storage. Although the bÍns rdíthstood the grain 1oad, they ü7ere not

effectíve ín preventing grain deterioråtion during a four-month

r¡rínter storage períod.

Surall pin holes ín the ïoof membrane of all three bins deve-

loped due to roofs flapping ín the wlnd. Poor sealing charåcteristícs

of roof-to-r¡all joinË a11or¿ed enÈrance of moísture Ín each bin, causíng

sna11 local-ized pockets of deteríoratéd grâin. Grain spoiled on the

floor in a 2.4 sn thÍck layer probably due to entrance of moisture

Èhrough sna1l hol-es punctured in the floors of each bin.

The researcher suggested that an ímproved structure should

resuLt Ín 1-ess graín deterioration durÍng storâge, The moisture

entrance through the roof-to-r,7a11 Joínt could be êlimínated by usíng

a fasLening system wíth closer tol-erances. The moisture movement through

the floor rnembrane couLd be avoided by usíng Eore puncture resístanË

materials. SnalL holes in the roof membrane could be prevented through

eíther the loading of the roof section or the use of a stronger materíal

for the roof section.

2.4 Ban Pressure Th

cupta (1971) deternined Èhe lateral pressures exerted by wheat

in flexible polyethelene containers. He found that Rankine rs, Coulornb I s

and Janssenrs equations r{rere not applicable in theír present form to

predíct lateral pressures ín flexible containers. The author establíshed

an equation Lo be applicable ín predictÍng lateral- pressures in fl-exible

containers. Howevet, the equatÍon is applicable only to containers of

diameter, heÍght and r'¡all thickness tested and cannot be used for other

sÍzes of bÍn. Hence, ín Ëhis circuEstance the more commonly accepted



RankÍner s fornula can be used Èo predict the pressures induced by

a grain bulk in shallow bins. In general, a shal-lor¡ bin ís one lrhich

hâs a depth less thân the 1eâst lâteral dirnensÍons of the bín.

Rankiner s fornul-a is:

P=9.g 1-sín4r rn
1+sin0r ,.. (2. 1)

where :

P = lateral pressure on the bin wa1l, Pa

w = bulk densíÈy of grain, kg/n3

h = depth of graÍn to the point under consideratíon, m

Ó' = angle of inÈernal- friction

The Canadían Ïarn Building Code (National Research Councíl,

1975) recornmends use of Q, angle of repose in place of Qr, angle of

internal friction and a multÍp1-ication factor of 1.25 fox the case

of surcharge ín the bin.

Ior a bln r'7iÈh surcharge, Eq. 2.1 becomes:

1-sin0
? = L2.3 --- wh ...(2.2)L*sin0
Circumferential tensíon Ín Ëhe bin r¿a1ls associated to predicted

lateral pressures can be predicted by the following formula:

'I = PDl2 ...(2.3)

where:

T = circumferential tensíon ín bin r¿al1, N/in

D = bin diameÈer, m



3. MATERIAI,S SELECTION

3.1 Structural Mâterials

1.1 Criteria of selectíon

DesÍrable characteristics of a maLerial for use in an emergency

bin åre:

1. resístance to weathering during the desÍred 1ífe of the

storâge s tructure.

2. hÍgh long wave emissivíties to íncrease radiânÈ heât loss.

3. low short wave âbsorptívítíes to reduce solar heat intake.

4. adequate Lensile sÈrength to withstand the loads ímposed

by the grain bulk and low elongation to maintaÍn structure

shape during fíll-Íng.

5. high puncture reaistârce Èo reduce moisture entrance through

Ëhe floor.

6. 1or',7 raTaÈer vapour permeabílíty to mínímize moísture entrance

from the ambíent air, rain and snor¿.

7. 1ow cost per unlt area to minÍmize structure cost.

8. 1ow rveight per unit area to facil-íÈate easy handl-ing.

9,, availabilíty ín large sizes to minimíze the numb er of joínts

requíred during f âbrícatíon.

10. resÍstânce to attack by external biologícal âgenLs such as

ïodents and birds.

3.I.2 MaterÍal classification and selection

Thro types of mateïíals r¡hich could be utilized foï the construc-

tion of grain storage stnrcLures were: self-supportíng material,s and



non self-supporting materials. Self-supportíng mâterials, in general,

nay be defined as materials which do not require external or internal

aupport during erection, Non- self-supporting üateríâls do not possess

inherent rigidity and therefore, require support during erectíon.

The comparísons rnade by Gamby (1974) betr¡een self-supporting

nateríals and non self-supportlng rmteríals were revíewed. Self-

supporting materials were found to be comparâtívely costlíer and there-

fore were noË studÍed further. The non-se1f-supporting materials, used

by Garnby (L97 4) Íor the construction of energency structures, Ì'7ere best

suited. RecenÉ informatÍon on these materials was obtained. The

materials Èhat were used were:

1, cross-laminated polyeÈhelene sheeting (trade nane: Tu-Tuf)

supplied by Sto-Cote Products, Inc., Richrnond, Illinois;

2. polyoLefin woven fabric (trade name: Tabrene TM) nanufac-

tured by Du Pont of Canada Ltd., Montreal.

3.1.3 Physical propertÍes

?hysical properties and other available ínformatíon on both

materials are given ín Table 3.I. Costs per unit area (applícab1-e in

Aug. 1975) were cal-cuLated based on volume díscounts on rhe materiâls

for 100 bins. Tu-Tuf sheeting is avaílabl-e in ro1Is of sËandard ra'idths

1.3 rr, 1.8 m, 2.4 m, 3.0 n, 3.7 n, 4.3 rn, 4.9 n, 6.1 rn, 7.3 n, 8.5 n,

9.8 m and 12.2 m. llídÈhs oLher than standard and less tl.aî 24.4 m may

be ordered. Fabrene is avaílable in ro11s, but only 1.5 n Ín width.

Lítt1e change in the tensíle propertÍes of Tu-Tuf-4 found after

500 h of exposure to hTeatherÍng. (Test report on cross-laninaÈed plastic

filrn,Job nunber 72132R, lray 24, L972, Gaynes EngineerÍng and Testing
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l,aboratories Inc., Chicago, I1linoís). Fabrene TM retains 33% tensile

strength after 5-10 yr neathering. (I-etÈer dated June 16, L975 fxom

l{. J. Rea1, Sales Supervisor, IndustrÍal Produets, Packaging Dívision,

Du Pont of Canada Ltd., Montreal).

For design purposes, the circumferential tension predicted by

Eq. 2,3 can be conpared with Ëhe tensíle strenth of the structural-

naterials. If the predícted vaLue ís less than Èhe material strength

then the structure r¡í11 be safe, otherwise the structural maËerial

rnust be reinforced with sone high strength material to r^Tithstand the

grain loads. These addi.tÍonal- materials are referred to as reinforcing

m^a.teriâls. The tensile strength of reínforcing materi.al-s must be equal

to or greâter than the preclictecl cÍrcumfeïential tensíon as the grain

loads are transferred from the structural materials to the reinforcíng

materíals .

3-2 l'âstênino Svstêms

Fastening materíals are needed to fâsten the structural materÍals

together durÍng fabricatíon. A fasteníng system musL be of close tole-

rance to minímize moisÈure entrance through the seam. The fastenírlg

systena used by Garnby (1974) were revier¡ed and Poly-Fastener (trade name)

and Tu-Tuf (trade name) adhesive tape hrere selected. Recenl ínformaËíon

on these materials was obtained.

Poly-I'astener is a product of CurÏy IndustTíes, tr{innipeg, and

costs $96 (applicable in June, L976) for a ro11, 91.5 n ín lengÈh. It

consists of an extruded polyethelene channel and an inserË strip. The

tr,,7o sbeets of materíal to be fastened are placed ín the channel and the

insert sÈrip Ís snapped Ínto Èhe channel ltiÈh the help of a specíal

13



tool. The insert stríp forces the coveríng Daterial in under Èhe

flanges of the channel, holdíng ít evenly across the entíre length of

the ehannel. the Poly-Fastener can be used as a fastening sysËem for

the Ïabrene and Tu-Tuf sheeting.

Tu-Tlrf tape, clear in colour, is anoÈher fastenÍng system rnrhích

can be used for Tu-Tuf sheeting. ft is a product of SËo-Cote Products,

Inc., and ís avallable Ín two sízes of ro11s, 5 cn by 55 n and 10 cro by

66 m. It costs $3.90 for a ro11 5 cm r¡ide and $12.20 for a rol-1 10 cn

wide (applicable in Oct. 1975).

3.3 Reínforcing Materials

As discussed earlier reinforcing maLerials are empLoyed to

reinforce sËructural materials that are not able Ëo withstand the

pressure Írnposed by the grain bulk. Use of reÍnforcing måteríal allor¡s

the use of low tensile sËrength maLerial as a wall membrane. llire mesh,

6 X 6 - 10/10 gauge (15 cn X 15 cm nesh size and 3.25-m diameteï hori-

zoflt.aL anð, verticâl wires) used by Ganby (L974), was appropriate as a

relnforcíng ltraÈerial due to its high tensile sËrength, resistance to

n'eatheríng and low cost (Table 3.1). I,Jíre mesh, 1.5 n wíde, is only

available in rol1s, 61 rn Ín length, whereas, 1.8 n wide r¡íre mesh is

avaí1ab1e in any desÍred Length.

3.4 Extra Sheet for Tloor

An extra sheet of mâterial can be used to reinforce the floor to

prevent the entrance of rrTaËer through sma1l holes thåt are punctured by

shârp objects underneath the floor. Transparent polyethelene sheet,

0.15 mr Èhick, can be used as an extra cover for the floor. It costs

L4



50 .gç /n2

3.5 RestTaÍning Materials

Restraíning material-s can be used to prevent the roof flapping

in the wind. S¡nal1 holes can develop in Ëhe roof membrane due to Írind

flutter (carnby, 1974), allowing rÀrater i.nto the graÍn bulk, Therefore

Ít ¡.¡ould seem Ëo be desírabl-e that Ëhe roof be restTained to prevent

the development of pin holes. Res training materíals studied were sto-

downs, fish nêtting and rubber tires.

Sto-dor,ms (trade name) a product of Sto-Cote Products, Inc.,

are plastic gromnets and can be used as a resÈraíning naterial. They

also serve as connectors. They are avaílable Ín packs of 100 at $8.60

and packs of L25O at 592.40 (app1ícabl-e in Oct. 1975). Sro-dordns con-

sÍst of a dísc and a clip that has both sma1l and large key-holes. The

sheet of material to be fastened ís pinched around the dísk with the

fingers. Then the pinched material and dísk are Ínserted thÏough the

Large keyåole secÈion of Èhe c1Íp and pulled to the opposite snall key-

hole opening, The holding rope or líne is then connected to the large

opening of the clip ând the other end of the rope ís tied Ëo some

support.

Nylon físh netting cafl also be used Ëo restrain the roofs from

flappíng ín the wind (Table 3.1). Netting is available in any desired

l-ength buË only 3.4 m in r'ídth. .01-d rubber tires can be put on thê

roofs to restrain flappÍng.
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4. STRUCTURAI, TESTING DURING SI]MMER 1975

4.1 SelectÍon of Types and Cåpacities of Bins

The initial plan r,r7as Lo desígn, construct and structurally

test 36-ur' capacity bins. Because of the unavaílabílity of an adequaÈe

stock of grain at Ëhe tiÛle of structural testing, a bin capacity of 18-rn

was chosen for thís phase of the sÈudy. Three dífferent t)ap es of struc-

tures; bag type¡ cylindrical bín with I'abrene r¿a1l and conical- roof and

cylindríca1 bín krith Tu-Tuf r¿a11 ald conical roof were selected for the

testíng. Improvenents ín the desígn of the bins, developed by Ganby

(Ig74), ¡yere made. The bíns were loaded during sunner to observe theÍr

performance so Èhat necessary íEprovements in the design could be made

before using them ín the storage tests.

4.2 Bag Type Structure

A bag type structure rÀríthout a shaped floor and roof r¡as

studÍed. The advantage of thís type of structure Ís that it Tequires

only one piece of material for fabrícation. The use of a single sheet

of materÍal mÍnÍmízes joiníng duríng fabrÍcation. In this structure

the roof can be tíed dor'm at the peak after fillíng.

Since the structure is fabricated from non-self-supporting

material, it requÍres either an internal or external supporË system at

the time of loading, Internal support system do not appear Èo be

feasible because of the dífficulties of installíng the support systems

in the bin before loadÍng and then r.emoving them,: íf requíred, after

1-oadíng the structure. ExternaL supporL systems such as r¿íre mesh or

îrooden stakes can be used Ëo support the walls clurÍng loadÍng and can

t6



be removed after loading.

The bag type structure that was tested had a radius of 2.0 rn,

a side r¡all height of I.2 m, a roof angle of 0.38 rad (angle of repose

of wheat, Gupta, 1971) and a capacity of 18 13 ¡rig. +.t¡. The struc-

ture nas fabrícated from a 6.1 n by 13.5 ¡n black Tu-Tuf-4 sheet. Poly-

Fastener rras used to fasten Èhe bottom and wa11 joínts.

trIheat ûas used as a grain bu1k. Assumíng the densíty of wheat
Iat 732 kg,/m', â maximun tensíon value of 9 940 N/rn on the bin r¿aL1 was

predicÈed ustng Eq. 2,3, Although the predicÈed tension value exceeded

Lhe actual Ëensile strength of the material, 5 530 N/¡n, the bin ¡¡as

tested to observe the overall perfornance of the stÏucture. No reÍnforc-

ing materíal was utilized for walL reinforcement but the bÍn wa11 r¡as

supported by three persons during loadíng. A Tu-Tuf sheet was put

underneaÈh Ëhe strucÈure to avoid grain loss ín cå.se of structure failure.

The bín did not perform as expected. The bottorû of the bag r{as

not fully loaded with grain. The i¿al1 sagged due to excessíve elonga-

tion of the Tu-Tuf sheet (Fig. 4.2). tr'urther loading of the structure

r,ras díscontinued r,rhen it became impossi.ble to hold the bin nal1 up due

to the high stTesses developed ín the r.ral-l-. Because the structure r^'âs

made hríthout a shaped floor, the fl-oor wrinkl-ed.

The tesË indicated that nodificatÍons in the design of the

strucËure were needed before Èesting ít furLher. An external support

system r{ould be beÈter than holding the bin wal1- manually.

Based upon the test results, a rnodifíed bag type sËructure tTith

a radius of 2.0 rn and síde wa1-l height of 1.2 n was designed and

fabrícateal (Fíg. 4.1). The structure had a capacíty of 18 n3.
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Fí-g, 4,2 Bag type sÈructure under



To mínimize r¡rinkles on the floor and to load the botËoD of

the structure, the bottom part of the sÈructure was cut in a circular

shape (Fie. 4.1). The sÈructure !üas construcËed of black Tu-Tuf-4.

The wa1l and fl-oor joínts were secured with 10-cur wíde Tu-Tuf tape

both Ínside and outsíde the sËructure,

The structure r,râs stÏucturally tested using wheât. The bÍn

coul-d not be filled to the design capacity because of the unavail-abil-

iÈy of enough graÍn. The roof was tied down at the peak. It was

difficutt to pu11 Èhe roof tighL at the peak q'hile standing on it' and

as a result, the roof nay flap in the wínd causing damage to the ÍÌate-

ría1. The taped fabrication of the cÍrcular floor caused many vrinkles

in the Tu-Tuf as well as in the lape r,íhich mây admít moisture. For

these reasons, further work ¡,¡as noÈ contínued.

4.3 CylÍndrical Bín v¡ith Ïabrene i{all and Conical Roof

A cylíndrical bín wÍth shaped fLoor and roof ând a Fabrene r,7â11

was structurally tested, The bin, radius 1.9 m and side wa11 heíght

1.3 n, had a capaciËy of 18 rn3 (Fig. 4.3).

The floor of the bin r¿as fabrícated frøt a sheet of black Tu-Tuf-

4 having a diâmeter of 4.7 m. Thís allor,¡s for a 20 cm overlap arid a

clearance of 25 cm above the ground for the f l-oor-Ëo-1,7a11 seam (Fig'

4.4a). Keeping the floor-Èo-ra7all seam above the ground should Prevent

the movement of surface r{îater through this Joínt. A structure wiËh

flexible walls such as this one will tend to sJ-ump to one sÍde if it

ís loaded eccentrically. ConcenËric circles were paÍnted on the floor

of the structure to assisÈ in the uniforn loadÍng of the bin.
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A piece of Fabrene TM, 1.5 n by 12.8 m, was used for the

fabrícatíon of the bin wall. The heíght of the bin \^ras línited by

the size of Fabrene sheets r{hich ürere only avaÍlable ín 1.5 m width.

The dímensions of Ëhe overLaps for floor-to-v¡all and roof-to-wall

joinËs (Fig. 4.4a) axe gíven in Table 4.1..

The roof ü7as fabrícatèd from a black Tu-tuf-4 sheet, 4.7 n in

díameÈer. To obtaÍn the conical shape of the roof rrith a slope of 0.38

tad, a 0.44 rad segment could be renoved from the roof materÍal (Ganby,

1974). To prevent lrTater enËrance thtough the cut joint, the segment

was not removed but ü7as folded and taped to give Èhe conÍcal shape to

the roof.

Poly-Fastener r¡as used foT the floor-to-wall joínt. The wall-

joi.nt was forned by placíng the Fabrene sheet ends between two metal

strips thaË ü7ere bolted together.

A círcumferential Èensíon of 10 200 N/n was calcuLated usíng

Ilq.2.3. Fabrene with a tensile strength of 35 000 N/n (Tabl-e 3.1)

r¡as able !o wÍthstand the loads imposed by the grain bulk, therefore

no reinforcíng rnateríal was needed to support the structure during

loading. Since the structure was made of non-self-supportíng materÍal,

it required a waL1- supportÍng system during erection and loading. A

supporÈing system consisting of 8.5 cn X 37.5 cm r,¡ooden stakes 1.8 m

long, wooden pegs, 0.6 cm thíck plasLic rope and angl-e íron was used

(Fig. 4.3 and 4.5) .

!ühí1e filling the bín with r,7heat, it did not perform well.

Gusts of wind caused the botton of the bin to move excessivel-y during

erection and l-oadi.ng. High el-ongation in the Fabrene resul-ted ín
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saggíng of the bin rral1. lJooden pegs had to be provided along the

base of the structure to prevent an excessive increase in the bin

diameËer,

The support systen did not perform satisfactoril-y. The wooden

stakes had Èo be adjusted several tinres during loading which required

loosening ând tightening of the nuËs and bol-ts. As we11, fabricatíon

of the support system involved a consíderabLe amoung of labour.

Test resuLts índícated that some modifications should be made

bef ore uslng the Fabrene-rÀrall bin f or a storage test. A ne'r.rr support-

ing system which could be easily fabrícated and installed would be

desirable. The bottom òf the structure should be hel-d tíght to prevent

f lappíng in the r^rind.

4.4 Cylindrical Bin wíth Tu-Tuf I,Ia11 and Conical- Roof

A cyl-índrical bín with a Tu-Tuf wal1 was designed for a struc-

tural test (TLe. 4.6). The bin had the same dimensions and capacity

as the Fabrene-wall bín. The difference r^7as that Tu-Tuf sheeting was

utilÍzed as a rn7a11 nembrane instead of Fabrene, Tu-Tuf ís a low

tensÍl-e strength material therefore the r¿all had to be reÍnforced.

tr{iTè mesh, L2.9 m ín l-ength, ¡¡as chosen to reÍnforce the Tu-Tuf

wa1l. Due Ëo unavailabílíty of 1.5 n high wire mesh r¡hich r,,¡ould have

been sufficient" a 1,8 n high wire mesh was used. The wíre mesh had a

tensile strength of 35 000 N/m which r^ras greâter than the calculated

círcumferential tension of L0 200 N/rn.

Tu-Tuf-4 black sheeting was selected as a structural materíal

for fJ-oor, r,ra11 and roof. The r.rall wâs fabricated from a piece of

materíal 1.8 n X 12.8 n. (Tu-Tuf sheeting hTas noË available Ín the
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desired r{ídËh, therefore 1.8 u wide sheeting was used). Excess

material- rn'as left over ât the top of the ¡üall (Fig. 4.4a and Table 4.1).

Both floor and roof of the strucËure were fâbricated from Tu-Tuf

sheets 4.7 m in diameter. Tu-Tuf flaps, 15 cm X 15 cm, r,rTere taped 2.0 ur

apart around the base of the structure.

.The f l-oor-to-ra7a11 joínt (Fig. 4.4a and Table 4.1) and rnrall joint

rrtere conpleted usíng ?o1y-Fastener. A stronger j oint raTas noË needed for

the r¿all because the r,üire mesh wi-thstood the grain loads.

The hrire rnesh r¡as erected along a 3.8 m díameËer circle drar¡n on

Èhe ground. The fabricated structure r¿as eonfined lnside the wire mesh.

To prevent flaþping in the wind, the top of the bin wa1l and botton

flaps were tied Ëo Lbe ürire mesh \,rith sto-downs. A 2.3 n 1ong, 25 cn

diaEeter cardboard tube r,zâs placed insíde the bin (Fig. 4.6) to facili-

tâte unl-oading.

The structure was filled üríth hrheat and covered r,rith a shaped

roof. No fâstener was used for roof-to-wall joint. To prevent the

roof flappÍng ín the wincl, the roof was covered n¡Íth fish netting.

The ends of the fish neËtíng rrTere tíed to the wire mesh.

For unloadÍng, the roof was tâken off. Because tïe ângle of

the cardboard tube díd not match that of the grain auger, the graín

auger could not be ínserted insÍde Ëhe tube. Unloading was accom-

plíshed by inserting the auger directly into the graín bulk.

From a structural standpoínt, the test resul-ts rTere såtísfactory.

The bin wa11 rííÈhstood the grain l-oads. The structure was sÈab]-e during

loading and unJ-oadÍng.
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llhen erecËing the wi-re mesh" it moved 1aterally on the ground

due Lo r¡ind pressure. This problern could be rectÍfÍed by dríving

wooden pegs into the ground around the base of the r,rire mesh and Èhus

restricting íts movement. The angle of repose of wheat r,ras esËimated

to be 0.35 rad by measurÍng Èhe cone angle of the grain pí1e. Thís

value was taken for the desígn of subsequent bin roofs.
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STORAGE TESTS

5.1 Emergency Storage Bins

The objective of the storage t.est r¡ras to observe the condítion

of the grain in polyethelene emergency bíns of different configuratíons

during a storage period of nine months. Different desígn variables

were selected to be studied under farm conditions (Table 5. 1) . Based

upon the results of structural tests during summer I975, the cylíndri-

cal bín with Tu-Tuf wa1l and conical roof was chosen for storage

tests. Four Tu-Tuf emergerì.cy bins of similar design but of different

configuration were buÍ1t. One extra Tu-Tuf emergency bín was constructed

to replace any test bin Ëhat failed duríng storage. A cylindrical bín

wiËh a Fabrene r¿all and conical roof vras also built. Minor modifica-

Ëions in the desígn of the temporary support system for the Fabrene-

wall bin were made.

5. 1. 1 Structural components

Each emergency bin had a design capacity of 36 n3. The

different design variables (ta¡1e 5.1) were arranged to compare theír

suitability during the storage tests (Table 5.2) . The díarneter and

sidewall height of each bín was 5.2 m and 1.4 m, respectively.

The floors and roofs of all bins were fabrícated from Tu-Tuf

sheetíng. The floors were fabricated from 6.1 m diameter pieces to

allow fot a 2O cm overlap wíth the wal1 material and a 25 cm clearance

for the floor-to-wall seam above the ground (Fig. 4.4b). The roofs

were fabricated from 6.1 m dianeter píeces leavíng excess material for

the roof-to-wall joint (Fig. 4.4b and Table 4.1). A 0.39 rad segment
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Table 5.1

Design variables in storage Èests.

Ûfateria 1 type :

l"Iateria 1 thickness: 0.06 mm

cross-laminaËed polyeËhelene sheeting (Tu-Tuf)
polyolefin woven fabríc (Fabrene)

Material colour:

JoinÈ fâsËener:

T looring :

hla11 support:

Roof fastening and s to-dor¡ns
restrainíng material: fish ne tËing

0. 10 rrn

b lack
white

5-cm Tu-Tuf tape
10-cm Tu-Tuf tape
Poly-Fastener

single Tu-Tuf shee t
extra polyethelene shee t

stee I mesh
temporary ürooden stakes

Tu-Tuf tape
rubber Ëires

cardboard tube
polyetheLene cåp
no vent

Roof venÈ:
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I.üas folded ând taped on both sides to gíve a conícal shape to the

roof sheet. Eight flaps" 15 crn X 15 cm, were tâped 2.2m aparÈ around.

Èhe b.ase of the bíns.

The sider¡alls of the Tu-Tuf bíns were fabricated froru pieces

of Tu-Tuf-4, 1.8nX 17.2m. tr{ire mesh, 1.5nX 17.0 n, was used as a

reinforcíng material for Tu-Tuf bÍns.

The sider¡rall of the Ïabrene-r,rralL bin r,ras fabrÍcated from a

section of Ïabrene 1.5 rn X 17.2 n (refer Iíg. 4.4a and Table 4.1 for
joint overl-aps). Thè support systen did not requirê any fabrication.

It r,ras sÍmilar to the system used during Ëhe sunmer tests except that

sto-doÌms were used insteâd of angl-e iTons, nuts and bolËs.

Poly-FasÈeners and Tu-Tuf tape joints r^rere tested in the labora-

tory before usíng them on the test bins. For Tu-Tuf sheetíng, the Tu-

Tuf tape joint hTas stronger than the Poly-Fastener joint. I{hereas for

Fabrene, the Poly-Fastener joint I{rås atronger than the taped joínÈ.

Therefore ín the ¡'abrene-wa1-L bÍn, Poly-Fastener r¡as used for the

floor-to-Í/a11 joínt. To determíne the fastening Eaterial perfornance

on long-Èerm exposure to rareatherÍng, both Tu-Tuf tape and Poly-I'asÈener

were used for f Loor-Èo-rn¡all Joints Ín Tu-Tuf bíns.

The conditíon of the structural components of the bins was

contínuall-y checked ddring the storage períod. The resÈraíning and

fastening materials which did not perform satísfactoril-y were replaced

or modÍfied when necessary.

5,1,2 Venting system

VentiLaÈion of the space beÈween the graín surface and the roof

may be helpfuL in removíng some of the excessive moisËure accumulations
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Ín the upper layers and ín removíng excess heât in hot weather or in

coolíng the grain during wínÈer.

The purpose of using different types of venting sysËems Ín the

test bins vas to observe the moisËure migraËion patterns and magnitude

of moísture accumulation and compare then lrith each other.

Two different tJapes of venti"ng sysËem were construcËed for

Tu-Tuf bíns I and 2. Both bíns had black roofs so venting methods

couLd be courpared r,rlth eåch other and r.rith bÍn 5 r,rhich had no vent.

The vent on bín 1 was constructed of cardboard tubing (trade

name 3 Sonotube) wtth a diameter of 25 cn, and length of 75 cn (Fig. 5.1).

Two hol-es, 15 cn X 15 cm, were cut díametrlcally opposite, 10 crn fron

the top of the tube. three ho1es, 15 cn X L5 cn, were cut with equal

circrmferentíal spaeÍng, 5 c¡n frorn the bottom of the tube. To prevent

enËrance of precipitation through the vent into the bín, a 40 cm long

metal contaíner was placed over the cardboard tube and bolted to the

tube at túro places, After coveríng the filled bin with the shaped roof

r¿hÍ ch had a 25-crn diameter hole at the âpex, the vent ü7as inserted ínto

the grain bulk through the roof hole to a depth of approximately 30 cn.

Then the vent !Ías taped on the roof.

The vent on bín 2 r'as constructed of Tu-Tuf sheetíng. A 25-cn

hole ûras cut at the apex of the roof. A píece of the Tu-Tuf sheeÈing,

77 cn in diameter, was folded into a conical shape (same cone angle as

for the roof) and was placed over the hole with 25-crn overlap. The

coveríng píece was taped Ëo the roof at 8 equâl círcumferential spacings

leaving gaps for air circulatíon (Fig. 5.2).
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36



5.2 ?ermanent Storage Bins

To compare the effectiveness of emergency bins ín Da.intaining

grain qualíty rríth the effectiveness of permanent bíns, one plywood

bin and one steel bÍn ¡n¡ere erected. The plywood bin and steel bÍn had

capâcitíes of 52 rn' and 60 m', respectively (Fíg, 5.3 and Fig. 5.7).

Both bins had wooden fl-oors on sill-s 12 cn high. An extra steel ríng

was put on the steel bin to gíve more head roorn for sampling Èhe grain.

5.3 Test Procedure

5.3. I f,oading and unloading

. Farmers ¡,rould need the emergency bins for surpLus grain in

early fall when harvesting Lheir crop, therefore in l-ate Septenber

1975 each test bin Í,'as erected. The Tu-Tuf bins, 1, 2, 3 and 5 were

fil-l-ecl with 27 x oÍ fïeshly harvested. grain. The Fabrene-wall bin

could noË be filled Èo design capaci-ty because it began to collapse

and r¿as therefore fil-led with 18 t (Fig. 5.5).

All Tu-Tuf bins r¿ere erected in the manner described in Sec.

4.3. Before erectíng the hrire nesh, wooden pegs r4rere drÍven into the

ground around the bin base. The wÍre mesh was confined wíthin the

peg bounclary Lo restrict its movement. A grain auger r,r7Íth an a¿ljust-

able spout was used for loadíng.

The grain was stored in the bÍns during the fa1l, w-inter and

sprÍng seasons and r¿as enpLied in early sur¡ner. (It ís anticlpated

that most farmers r',7ould empty theÍr emergency bins in early sumner

when the ground was dry enough to haul- Ëhe grain when seedÍng was

cornpleted). Sins I to 4 r^'ere unloaded on 31 May and 2 June 1976.
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thermocouple locotion
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I'ig 5.5 Storage bins under test' f41L 1975



Due to bad weather conditions and non-availabilÍty of truck, the

remainíng three bins Ì,rere not enptied until 23 June to 30 June 1976.

The bins r¿ere unloaded ín Ëhe manner described Ín Sec. 4.3.

5.3.2 Temperâture measurement technique

Temperatures were sensed at 13 locatíons in each emergency

bín (Fíg. 5.6) and at 15 locations in each permanent bín (fig. 5.3

and Fig. 5.4). The 0.81-mu diametêr copper-constantan thermocouples

were empl-oyed for Èemperâture measurements. The thermocouples were

taped on the floor, wall and roof at theit respectÍve positions before

filling the bins. For thermocouples located along the centre axis of

the emergency bins, a 10 cn X 10 cm rnrooden piece !,74s placed aË the

bottom centre and à 1.4-cn díåmeter by 2.5-n long rod was manually

held vertically on the rTooden píece. The thermocouples r¡ere attached

to Èhe rod r,rríth a plâstic cord in such a manner that removing the rod

after the bin r¡as f i1-1-ed, did not change the thermocouple locatíons.

During filling, one person held Èhe rod vertical-ly unÈi1 the grain

trapped the upper thermocouple. Then the rod ¡¿as pulled out of the

graín bulk leaving the therrnocoupl"es at their posiÈíons. In bins 6

and 7 which had r,¡ooden f 1-oors, a naíl r,ras dríven into the floor centres

and a plasLic cord wâs tied along Lhe centre axis. Therrnoeouples were

taped along Lhe cord at LheÍr respective locatíons. The top Ëhermo-

couple was placed after fil-J-íng each of the bins.

The thernocouple outputs r¡ere sensed rdÈh a digítal indicator

(manufactured by United SysteEs Corporation, Dayton, Ohio), range

-190oC to 400oC, r"rith minimum graduåtíons of 0.loc. The temperatures

were measured nonthl-y durÍng winter but frequency of measurement was
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Fig. 5.6 Thermocoup le and sarnpling locåtions in the
emergency bins.
(Thermocouple locations in rToP \,.IEI,I I

are on the bin floor).
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more during fall and spring when greaËer biological actívity could be

expected. The roof and r,¡a11 temperatures of each bín were recorded

hourly on Viay 27, 1976 to deÈermine how rapidly different materials

ürere affected by solar radiations.

5 ,3.3 Sampling teehnique

During filling and emptying of the bins, grain sarnples were

taken. from each truck and frorn 13 locatíóns ín each bin (Fíg. 5.3,

FÍg. 5.4 and Ïig. 5.6). Sanrples r^Ìere tåken at dj.fferent locations in

each truck usÍng a car probe. The tTuck samples for each bin ['ere

cornbined and passed through a Boerner sampler to obtain composite

samples, During the unloading of each bin, addítional samples were

taken from the areas of suspected hígh moisture content. During the

storage period on l{areh 22, 1976, five sanples were taken using a

tropedo probe frorn the centre axis and the Èop surface (southwest síde)

of each bin. Again on April 29, 1976, îottr sampl-es rÀ7ere taken from

along the central axis. A more complete sanpling could not be taken

during the winter or spríng because of the possÍbility of irreparable

damage Èo the Tu-Tuf sheeting durÍng sanplíng. The sarnples were

stored in plastic bags Ín a cool room until- tests could be perfotmed

in the laboratory. Moísture content of each sample was deËermined

with a ltalross Model 919 moisture meter. Moisture contents of samples

from each bin were also taken by oven dryíng at L30oC for 19 h, to

check the âccuracy of the moisture meter. Grade and dockâge of each

composite sample was deternined by the Canadian Grain Commissíon usÍng

theíT s tandard nethods.
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6. TASORATORY TESTS ?ROCEDURE

QualÍÈative tests on the tensile strength of Tu-Tuf sheeting

and taped joints r,zere carried out in the lâboratory during the wínter

of 1975-76 to determine the maËeríåls resistance to r,reathering, Three

replications of each sample were run. Black and r,Íhite Tu-Tuf sheets

and joints n.ade with 5-cm and 10-cm Tu-Tuf tape r^rere tested Ín the

laboraLory before and after being exposed to outsíde winter r,'Teather

for 10, 22, 44 ax.d 76 days. Idhite Tu-Tuf sheet r¿ith a 10-cm tape

joint and. unj oinecl black Tu-Tuf sheet were Lested at -22oC to tleter-

míne the effect of low Lemperature on tensile strength. To detentrine

Ëhe deterioration of black and white Tu-Tuf sheetíng after níne months

of veatheríng, tesÈs were run on måterial sampLes cut fron bÍns 1 and

2 at x}j,e termination of the storage period. Samples nere Èaken from

the black Tu-Tuf roof of bin I and fron the floor, ürall, r47a11-to-f1oor

joint (outsíde and inside the bin) and wall joint (outside and insíde

the bin) of bin 2. More extensÍve sampling from other bins could not

be done because of the possíbíliËy of using Èhese bins for subsequent

storage tests. l

For the tensile strengËh tesËs, a specimen of Ëhe dimensions

gíven ín I'lg. 6,1was prepared. The ends of the specÍmen were sand-

wiched between trdo rarooden blocks and a meËa1 contaíner was aËtached to

the lower r¿ooden block. Sand was poured into the container at a uniforn

rate until the specimen faíled. The l-oad at faílure lrras deternined by

weighíng the sand and contaíner.
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RESULT S

7.1 CondiËion of the Bin MaterÍal

The Fabrene-wall bin underraTent excessíve elongatÍon and fillíng
had to be stopped !"hen Ít was app roxima t.eLy Z/3 f.!LI. Excessive eLongâ-

Èion of the Fabrene resulted in failure of the temporaïy Ìrrâ11 support

system. The four Tu-Tuf bins were easily erected, fíL1ed and eurptied.

Some problem r¡/as experienced rr'íth bin 5 in keeping the poly-Fastener

floor-to-wall seam in 1íne above Èhe grounil 1eve1. Durlng fillíng, no

problem of eccentTicity was expeÌienced,

Iasteníng of the roof-Ëo-ra7aLl joínt was a problem. Grain

runnÍng Èhrough this joínt was difficult Èo check duríng tapíng. Ihe

grain rol1ed over the wall sheetíng r^'hich r¿as in the same pl_ane as the

graín surface. Once the jotnt was Èaped thís overflorí problen was

checked.

Becâuse the roofs were placed afËer fiLling, the gap betraTeen

the roof and the grain buJ-k was negligible. Moreover, the ioofs of

bins 2 and 5 r¡ere restrained by sto-downs and fish netËíng, respecËively.

Ilence no roof fLapping was evÍdent in bins 2 and 5 during the storâge

tests. The other roofs flapped slightly i"n the rr'ind but Ít !üas not a

geríous probLem. A few pin holes (15 Lo 20) developed in the black

roofs by the end of the stoïage períod. Apparently the type of roof

restraining m^a.terial-s did not affect the development of holes in the

roof. Almost no holes r¡ere found in the r¡hite roofs.

The bins r¿íthstood the grain loads during Èhe storage period.

I,Ieatherj.ng effects on the steel nesh and r¿a1l membranes of the test

bins appeared to be negLigíble. The r¡íre mesh coul_d probably be reused

7.
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a number of times.

The Tu-Tuf tape used to joín the roof-to-h7all joint ín bin 4

did not stíck ü7e11 to the Iabrene. The joínt sLarted faílíng after

about one monËh, indícating thaL thís Èåpe ís not a good fasÈening

material- for Fabrene. The roof was tj.ed to rùooden pegs r^7íth sto-dor,,rns

and covered wiÈh a small piece of fÍsh neËting.. Some rubber tíres

hrere put on the roof to prevenÈ ít flapping,

Tape used for the roof-to-wall Joint in the other bins also

deteriorated probably due to ultraviolet radiation. To prevent the

roofs flappÍng ín the wind, rubber tires were put on the roofs ¡,rhen

the snow started nelting. The Joints !,'ere retaped at the end of March

and at the begínníng of May. The 5-cm tape deteríorated more rapíd1y

th¿n 10-cD tape. tr'lappíng of the roof and ultraviolet radiåtion

loosened the roof membrane joinËs on bins 1 and 3. The joints were

reÈaped at the end of March. No such problem was found in bins 2, 4

and 5 r¿hich did not have flapping roofs. All other taped joints seemed

Èo be satisfactory during the storage period.

A fer¡ sto-downs (5 out of 16) were found to be broken aÈ the

end of May probably due Lo over-tíghtening of the supporË line. the

físh netting ù7as still in good condition at the terüination of the

sËorage períod. The nain probLen r¡ith fÍsh netting was the difficulty

Ín forming a circular shape and Ëhen tying it over the roof.

A few pín holes and other larger holes (1ess Èhan 4 rnm in

díaneter) were observed in the floors of the ernergency bÍns which did

noL have the extra polyethelene sheeË. The holes were likely caused

by debris under the bins r'¡hích punctured the floors. BÍn t had a few
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sma1l holes in the ouÈer Tu-Tuf floor but the upper polyethelene sheet

Irúas punctured only at tr47o or three places.

DurÍng wintêr, some snorrT blew into the ply!üood bin and steel

bin around the roof câp. The snon piled up on Lhe peak of the grain

bulk, about 5-cn thick and 40-cm in diameter ín the plywood bÍn and

about 7-cm thick and 60-crr in diâmeter in the steel bin. Some sno!,7

blew in through the vent of bin L because some spoiled grain was found

ât the peak duríng unloailing. No such problem raTas evident in bin 2

which had a pol-yethelene cap.

Mouse holes in the si.des of bíns 1 to 4 ürere found during spríng.

The míce 1íved under the sno!,' that piled up on Èhe north side of the

bins durÍng rÀrinter. I¡trhen the snow melted, the hol-es allor¿ed snohr r{ater

to enter the boÈtom 5 to 10 cxû of !,rheat which caused rottíng of the

grain. There were no holes ín bín 5 which had lesg snor¡ piled around

Ír.

7.2 Temperature

During fi1ling, average temperature of the grain ín each bin

ranged beÈ!¡een 14oC to L8oC. As Èhe average temperature of the ambÍent

air (average of the mean daily terrperaÈures over a J"5-day span taken

at ttrinnip eg International Airport) decreased durÍng the storage períod,

the temperature at each thenuocoupl-e Location also decreased. Sínce

the roof and r¡all thermocouples r¿ere attached to the bin stTuctural

materíal, these temperatures were most noticably affected by changes

in Èhe amb íent temperaturê. Temperatures of the bottom thermocoupLes

r.rrere more s1-ow1y affected by the ambíent temperature because the therno-
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couples r,rere attached Lo Ëhe bÍn floors and they Ìzere affected more

by the soil and grain teûrpêrâtures. In Ëhe plywood bin and steel-

bín, åír passed underneath the bín floor and affected floor temperatures.

The temperatures of Lhe centre thermocouple were onJ-y sJ-ow1y affected

by the ambient Lemperatures. Three bíns, 3, 5 and 7 were sel-ected to

represent the temperatures behavior (I'ig. 7.1). (Bin 3 ín which r¡ater

entered through holes chewed by nice which resulted in grain spoilage

on the floor, bin 5 in which no hol-es were found and bin 7 r¡hich was

a steeL bín used Èo compared ÌriÈh the emergency bins).

Untíl the end of March 1976, tl:.e Èemperature neasurements did

not Índicate any grain spoilage ín any of the seven bíns, By the

second r¡eek of Aprí1, hor'7evex, a rapid íncrease ín the Ëemperâtures

of the bottom Ëhermocouples of bins 2, 3 and 4 and the northwest thermo-

couple of bin I indicated the presence of hot spots (Iig. 7.2). No

sÍnilar sÍgns of grain deterioration rÀ'ere noÈiced in lhe other bins.

The hot spots in bins I to 4 developed after the snorr melted and r,,7ater

entered the bins through hol-es chewed by nice. Unloadíng of the blns

confi.rmed thaÈ grain rotting had occurred on the fl-oors of these bíns.

No other hot spots were noticed at any other locâtion in any of the

bins.

Hourl-y measuremenË of the roof Ëemperatures indicâted that

Tu-Tuf black sheetÍ^ng was rapídly affected by solar radiâtion (Iíg. 7.3).

Tu-Tuf r,ihi te sheeting reached a maxÍmtrm temperaËuïe abut 10oC lo¡,rer than

the maximum temperature of Tu-Tuf black sheeting. The plywood bín and

steel bín ürere more sLow1-y affected by solar radiation.
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7.3 Moísture ConÊent

The moisture contents taken by ovendrying hrere about L% Lower

than the moisture contents taken by the llalross moísture meter. Since

only check samples were analyzed by oven dryíng, the moísture contents

taken by moíature meÈer r,rrere used in Ëhe study.

Spring sanrpling of the stored ü'heat, on March 22, 1976, indícated

that Èhe moísture contenLs aË Ëhe peaks of the tv.'o bins wiËh vents

increased Èo about 177" fuom an initial moisture contenÈ of 13.8%

(Table 7.1). The grain at the peak in bin I did not dry during early

slrÍmer. In bin 2, the grain had dried to 13,82 moisture content by

unloading time. In the renaining three emergency bÍns hTithout vents'

the âverage moisËure content at the peaks Íncreased xo L5.L% by March

22, L976 and then decreased to 13.42 when unloaded. The Eoisture

coûËents at the peaks increased to 22.3% in the plywood bin and 24.37"

1n the steel bin when sampled during spring. Ilo\^rever by June 17' 1976'

Èhe graín had dried to L3.6i( and 13.17" in the plyr,rood bin and the steel

bin, respectiveLy. The moísÈure contents at 20 cm bel-ow the top of

each bín Íncreased during spring probably due Ëo moÍsÈure mígration

and remained aLÍÌost constant until unloading tirne (Table 7.1). High

moisture contents at this location ín bins 6 a¡d 7 were probably due

to moisture accumuLatíon after Lhe snor^t at the peak melted.

During un1-oading, a layer of high moÍsture content grain approx-

imaÈely 8-cru thíck r¡as found on the floors of bins 2 and 3 and approx-

imately 3-cn thick in many areas o the floors of bins 1 and 4' because

the r.íater entered through holes cher,¡ed by mice. MoÍsËure contents ín

Èhe range oÍ I4.5% xo 54.07" were measured in bins 2' 3 and 4. In bin 1,
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lable 7.1

Ìlolsture content at diffete¡t locatlots ia eãch bltr Z wet bå8f6'

Locatlon Septenber, 1975 l[atch 22, L97 6 AptLL 29, 7976 June, 1976

1B1
tc2
1Cl
lR1
1R2
twl
lCoo*

2BL
2C2
2CL
2R1
2R2
2VL
2c#
3Bl
3C2
3C1
3R1
392
3Wl
3Con*

4el
4C2
4Ct
4R1
482
tflL -
4Cø*

5El
*2
5C1
8l
5R2
s¡1
5co¡*

681
æ2
6C1
651
6s.2
6w1 *
6cd¡

7¡1
7e.
7Cl
751
752
fll*
7C9û

13.9
13.9
13.9
LX.6
13.5
13.9
13.8

13.8
14,0
t4.3
13.9
t3.7
14.1
13.8

14.2
14.3
L4.3
14. I
1r..3
t4.3
14.3

13.8
13.9
r).8
13.6
13.6
13.7
üt.9

13.6
ü|¡5
t4.t
üt.9
13.7
üt.5
13.9

t3.7
,a.2
t4.4
14.3
14.0
t4.2
t4.2

t3.8
14.3
13.9
14.0
ü1.8
14.4
14.l

t4.4
15.7
L7.3
13.4

:

lt .6
14.9
15.8

:'

14.0
L4.4
15. I
2-t

ü¡,9
t4-5
14.5
14.5

14.6
16.8

':'

14.7
15.8

:

L4.9
15.6
14-4

14.1
l:'.O
t4.4

14.9
ú.1
16.2
16.4
11.5
11,8
14.3

3L.2
14.8
15.3
13.E
10.7
73.4
14.9

48.5
15. I
15.8
1:¿.9
Lt.2
14. 1
14.8

41.2
L4.5
15.O
13.8
11..8
12.2
14.5

L4.4
L4,7
15.6
ü1.5
11.6
LL.7
L4.4

üt.9
l4.9
17.1
ü|.6
üt.5
14.5
15.4

15.8
ú.7
t1 .7
u|.1
üt.3
15. t
L4.7

14.0
L4.1
t6.6
,3.7

t4.4
15. l
14.8

14. I
16.0
22.3

':''

üì.8
15.6
24.3
16.9

First ¡rærr.cål valüe l¡ colu@ I l¡dlcete the bln ¡rtber.
* C@ost te ¡åq)le.
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the graín rotLed at Ëhe norÈhr,7esË side of the floor with å moísture

content of 44"Á. The moísÈure conËents aË other floor locations of

bin 1 and all floor locatÍons of bin 5 were ín the range ot L3.62 to

L4.92. A small anount of high moisture content graín r,ras found at

isolated locations in a Layer of approximately 1 cm thÍck on the floors

of bins 5 and 7. No such hígh moisture content grain was found in bin

6.

7.4 Grain CondÍtíon

Co¡¡mercíal grade of the wheat in each bin díd not change during

storage (Table 7.2). Dockage of stored grain at loading and unloadíng

Ëhe bins were almost the same except for bin 6 (Table 7.2),

The total shortage ín quantíty and con¡nercÍal va1ue of the grâin

sÈored for nine monËhs r,ras estímated (Table 7.3). (The comnercial- value

Ís based on Èhe totaL final príce received by Canadi.an farners for the

crop year endíng July 31, 1975). The graín losses in bin 6 and 7

could not be separated because the graín r¡as conbined inËo one large

bin before bei-ng weíghed. The total grain shortage ÍncLuded grain

spoilage during storage and grain (around 52 kg per bin) taken off frour

each bín during gtain sanpling. Ilor,rever, the weighÈ increase duríng

storage due to the moisture conÈent increase of the grain r,ras noL

subtracted from the amounË of grain unloaded. (The total Íncrease in

veíght was estimated to be in the order of 135 kg in bins 1, 3 and 5,

297 kg in bin 2, 108 kg in bin 4,324 kg ín bin 6 ar.d !62 kg in bín 7).

7.5 Laboratory Tests

Results on the tensile strength of Tu-Tuf sheeting indicated

that r,rrhite Tu-Tuf rías stronger than black Tu-Tuf (Table 7.4). Tensíl-e
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TabLe 7.2

Conunercial grade and dockage of stored grain during filling and emp-

tying the b ins.*

September, 197 5 June, 1975

Canâda Western Dockage Canada WesÈern Dockage
Recl Spring grade % Red Spring grade %

Bin 1

Bí¡ 2

Bin 3

Bin 4

Bin 5

Bin 6

3in 7

2.

z

1

z

I

1

2

z

2

1

2

1

1

2

4.00

3. 50

2 .50

z .25

2.00

8 .25

2.50

4 .25

3. 00

2.25

? .50

2 .50

3. 00

2.50

* Mean of 4 cornposiËe samples from each bÍn-
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strength of both r,rThite and blaek sheeti-ng appeared to be s1íghtly

affecÈed by 45 days exposure to outsíde temperatures ranging from

-30oc to 2oc. Black Tu-Tuf deteïiorated consíderably when exposed for

75 days.

Black Tu-Tuf with 5 and 10 cm ¡rÍde taped joínts had Èhe same

ínitial strength as an unjoÍned black sheet but r'rhíte Tu-Tuf with taped

joints had less inítial strength than an unjoined rühite sheet. The

strength of taped joints reduced Ëo abouÈ 802 of Ëheir iníÈí41 strength

within 10 days of outside exposure buL afterlüards the râte of reduction

ín the strength decreased.

At 10Í/ temperature (-zLoc), the tensile atrength of sheeting

and taped joints Íncreased to about L207" of theír ínití41 strength.

TensÍle sÈrength Lests on sarrpl es of sheetíng and taped joínts

cut from storage bíns 1 and 2 indicated Ëhat black Tu-Tuf used for the

roof and white Tu-Tuf used for the r¡a1l did not deteríorate. Theír

Ëensíle stTength after îine. months of rrTeathering úras almost the same as

the initial tensile strength. Tensíle strength of white Tu-Tuf used

for the floor decreased by around l8%. Tu-Tuf Ëape Jolnts exposed to

solar radiation deteríorated and Ëheir tensile strength decreased by

372. Tensíle strength of une:<posed tape joínts reduced by only 102.

The tensile strength tests impl-y only quâlitaËive testing and

do noÈ claím statistical relíabi1ity. These tests show the trend of

tensÍle sËrength of Tu-Tuf sheeting and taped Joints ând do not predíct

Ëhe âctuaL tensile sÈreûgth.

58



T
ab

le
 7

.4

T
en

sí
le

 s
tr

en
gt

h 
of

 T
u-

T
uf

 s
he

eÈ
ln

gs
 a

nd
 T

u-
T

uf
 t

ap
ed

 jo
in

ts
, 

N
/m

.

E
xp

os
ur

e 
to

 
I'l

hi
 te

 T
u-

T
uf

w
e4

th
er

in
g

d

0 10 22 44 76

5 
19

0

5 
L2

0

5 
22

0

5 
18

0

4 
94

0

B
la

ck
 T

u'
T

uf
 Ï

,lh
ite

 T
u-

T
uf

 B
la

ck
 T

u-
T

uf
w

iÈ
h 

i.0
 c

m
 

w
ith

 1
0 

cm
w

Íd
e 

ta
pe

 
ta

pe

3 
9Z

O

4 
23

0

4 
23

0

4 
L7

0

3 
33

0

t!.
 2

90

3 
49

0

3 
25

0

3 
41

0

3 
44

0

3 
83

0

3 
44

0

3 
34

0

3 
19

0

3 
25

0

W
hi

te
 T

u-
T

uf
 

B
la

ck
 T

u-
T

uf
w

ith
 5

 c
m

 
w

ith
 5

 c
m

È
ap

e 
ta

pe

4 
01

0

3 
25

0

3 
22

0

3 
03

0

2 
81

0

4 
16

5

3 
17

0

3 
25

0

3 
29

0

3 
08

0



8. COST ANAIYSIS

8.1 Emergency Bins

The fârm price of an emeïgency Tu-Tuf bín, capacíty 36 rn3,

would probably be $200.80 i¿hích is less Èhan 57" of tt,e value of the

wheat that cân be stored in ít. This pïíce includes mateïíal costs,

fabricâtíon labour, utiliLies, rents' taxes' advertizing, manufactu-

rerrs profít and other overhead costs (Table 8.1). (These Last ítens

of cost Írere estÍmated by Forever Industries Ltd., llinnipeg).

ToLal yearly costs are estiüated by surnning the fixed costs and

variabLe costs (Appendix A). Annual fixed costs anount to $5.83/n3

and annual variable costs are estiEated to be $0.09/rr3. Hence, the

annual storage cost amounts to $5.92/m3. If the bin can be used twice,

the annual storage cost reduces to $3.26/n3 (Table 8.2).

The price of a bin r,iTlth a galvanized sÈee1 metal strip, 0.40 mn

thick and 15-crn wide, placed around the bín base to protect the polye-

thelene from mouse damage, r¿ould be about $214.80. Annual cosÈ bâsed on

one year life for the bín is esrinâted to be $6.13/rn3 whÍch reduces Èo

$3.42 iÍ. the bin can be used twíce (Table 8.3).

The príce of Tu-Tuf bin, ütith a capaciËy of 65 n3, ís estimated

at $263.20 r¡hich Íncreases to $280.10 when the metâl stïip cost is

incLuded (Appendix 3 and Tabl-e 8.3).

8.2 PermanenÈ Structures

Conparable annual costs of a steel bÍn, with a capacíty of
..,

60 nr, ancl a plywood bin, wÍth a capacity of 51.6 m', used every year

axe $2.57/m" and $2.53/m-, respectível,y (Appendíx C). (The 1ífe of a
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steel bín Ís assumed Ëo be 30 yr and the life of a plywood bin ís

assumed to be 10 yr). If the bins are used only one year out of

three years for storing surpJ-us grain, the fixed costs increase by a

facLor of three. Hence, the storage costs íncrease to $7.07/rn3 for a

steel- bin and $6.85/n3 for a plywood bin, assuming variable costs

remain the same for each year of storage.
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Tu-Tuf-4 r,Thite shee ting

I'loor-6.1mX6.1
I{all -1.8mX17.
Roof -6.LnX6.1

I,Iire rne sh

. Table 8.1

Bin Trateríals and costs (36-m3 capacíty)

105.5 m2 @ a}.a c/#
(including ?2% duty and .,.. $ 51.10

5% transportå.tion charges)

1.5 mX L7.3¡¡-@ 74 17.80

Sto-dordns
t6 . 2.OO

Tu-Tuf Ëape
( 10-cm wide) ......;. 5.00

trfcoden pegs and miscellaneous 5.00

Fabrication labour cost
5h@$ L2.50/h 62.50

TOTAL ......$ 143.40

?rofit and overhead costs 57.40

TOTAL ..$ 2oo.8o

,:l

çlm?

62



TabLe 8.2

Total yearly cosÈ of emergency bin

IniÈía1 cosr = $ 200.80

capacity = 36.0 m3

InÈerest rate = LL%

AnnuiÈy factor = 1. 11 (Appendix A)

End use value = !äre mesh va lue after 1 yr use

Ílire mesh initial cosË = $ 17.80

Assuming, wire mesh life= 5 yr

AnnuiËy factor = 0.2706

Annua 1 charge = $ 4.82

End use value = $ 12.98

Fixed costs = $ 209.90

variable cosrs =$ 3.50

Total- yearly cost = $ 213.40

Total yearly cost/rn3 = ç 5.g2

Based on 2 yr LLÍe

End use value = $ 8.16

Annuity factor = 0.5839

Fíxed costs = $ 113.50

va¡iable cosrs =$4.00

Total yearly cost/m3 = ç 3.26

(Assumíng insurance
cost is negligib le)

(Assuming repair cost for
fÍrst yeâr is $ 1.00 and
insurance on grain is
$ 2. so)

(As surning repair cost for
fo¡ second year is $ 2.00)
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9. DISCUSSTON

Experi.ence wÍth the Fabïene-r,\ra11 bin shor,rred thâÈ a permanent-

wa11-- supportíng system was requíred to supporË the sidewall ínsteâd of

usíng Èemporary wooden stakes. Because the cost of Fabrene TM was twide

thaË of Tu-Tuf-4 sheeting, ít r,rras not economical to use a permanent

supporLing system for the Fabrene-wa1l bÍn. The Tu-Tuf bín withstood

the grain loads during nine months of storage with only a s1Íght redue-

tíon in Ëhe Ëensile strengÈh of Tu-Tuf sheeling. Hence, the blns can

probably be feused for anoËher storage after repaíríng the floor-to-

r¿al1 and wal1 joints and any hol-es caused by shovelling or mice. The

enp ty bíns r¡hich are to be used for next storage should be stored in a

mouse-proof locatíon because graín remaining in the bÍn atLracts micê.

No dístÍnctÍon could be made betr,rreen the perfornance of Tu-Tuf-3

and Tu-Tuf-4 sheeÈing. Tu-Tuf-3 sheeting was not tested in Ëhe l-aboraÈo-

ry, therefore the tensÍle strength of the traTo materiâls can not be

compared .

I^lhÍte Tu-Tuf-4 r¡ould probably be better than black Tu-Tuf-4

because it r^ras stronger and maintaíned its strength based on labotatory

LesËs. Duríng storage no holes in any of Lhe white roofs were observed

r¿hich indicated that lt wâs more resistant to weatheríng than the black

Tu-Tuf. Moreoveï, condensatíon r¿ould be less in whíte mãterial because

it lrras not as rapidly affecÈed by solar radiation as black materíal.

The rate of deterioratíon of 5-cm and Lo-cm Tu-Tuf tâpe r{ras

a1üost the sane when tested in the laboratory, but 5-cm Tu-Tuf tape

deteriorated more rapÍdly aluríng the storage test. Thís inclicatecl

that 10-cri Tu-Tuf tape would be better to use as ¿l fastening matería1.
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The grain adj acent to the ?oLy-I.astener joint in bín 5 spoilecl,

Índicatíng that moísture entered through the joint. MoÍsture could.

not enter through the Poly-Fâsrener joint ín bin 3 because the joínt

was secured by Tu-Tuf tape on both Ínsíde and outsíde the bin. The

floor-to-wall Joínt nade rríth Tu-Tuf tape did not a11oh7 moisture

entrance through the joint in any of the bins, indicating that Tu-Tuf

tape Ís a better fastenÍng má.terÍal for these bins than poly-Tastener.

The fLoor-to-rrall Joint exposed to sol-ar ïadÍaÈion deterioraËed. after rli'e
months of sÈorage but iË can be retaped if the bin is to be used

agaÍn.

Since water entered through holes cher,red by níce in bins 1 to

4, the perforrnance of the exÈra poLyethelene sheeÈ on the floor in bin

L couLd not be compared with the single Tu-Tuf sheet in the reltraÍning

bins. The snal1 amount of grain spoiled on the floor of bin 5 r^,hich

did not have any extra sheet rûight indicate that an extra sheeÈ on the

floor Ís unnecessary. Spoilage in bin 5 was prôbably due Èo moisture

enÈrance Èhrough the floor-to-waL1 Poly-I'astener joínÈ.

Tu-Tuf tape used for the roof-to wa11 joint deteïiorated more

rapÍdly than other taped joints, probably due to solar radiation and

the s1Íght f 1-app íng of the roof. It nay be possÍble to use only sto-

dornms and rubber tíres to resËraín the roof and tapÍng mây not be

necessary. Broken sto-doums can be easily replaced. Although the fish
netting was in good conditÍon after nine months of stoïage, tyíng ÍÈ

over the roof wag a problen. Moreover, it was not as economical as sto-

dor,ms .
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Results of the storâge tesËs indicaËed thãÈ a vent in a bin

r4ras not advântageous during winter. Snor¡ blew into the bín through

the vent and grain spoilage resul-ted. The vent íncreased the fâbïlca-

tion cost. Performance of the vent during spring could noL be

deternined.

The problen of holes caused by nice nÍght be eliurinated by

placing the bins Ín the open instead of beside trees. In the opeû the

snor¡ ¡¿il-L probably drift around the bín and not pÍle on the sides.

The problen couLd also be eliurinated by placing a metal sËri-p arormd

Lhe bin base.

Increases in the moísture conËent of Ëhe stored graÍn at the

peaks during spring samplíng indícated thåt some moisture migrâtÍon

had occurred ín Èhe emergency bins without vents. In the two bins with

vents, Lhe hígh noisture contenÈ of the grain at the peak was probably

due to snor,t7 blowíng ín through the vents. The increases in the steel

bín and pLywood bin Írere due to snoù7 that bleq¡ into the bíns around

the roof cap. Duríng unloading, reduction in moisture contents at Ëhe

peaks indlcated that the graín dried ín each bin except bin 1. The

cardboard vent in bÍn 1 probably díd not functiofl properly. Drying of

the graín ín the non-vented bíns was probably due to occuïrence of hígh

temperatures â.t the surface of the roof.

The comtercial grade of the grâin duríng Èhe nÍne months of

storâge di-d not change, indícatíng the effectiveness of Lhe bins in

preservi.ng the grain qualÍty. The hígh 1evel of dockage ín the stored

grain of bin 6 duríng fil1Íng was probably due to measurement error or

bias in sampling.



The snal-1 amount of spoíled grain ín undarnaged bín 5 indícated

thaL emergency bins could store grain safely without reduction in qual_i"-

ty. The amounË of spoilage in this bin was almosÈ the same as that Ín

the permanent bins. Spoilage wou1"d probably have been even less if

Tu-Tuf tape had been used for the floor-to-wall joínt instead of Poly-

Fastener.

Emergency bÍns r¿í11 not provide econonical storagè for graín

every year because the annual storage cost of emergency bíns is more

than permanent bíns. Ihey wíl1 be an economicaL method of storing

surpl-us graín that occurs one ouË of threeyears or less frequently.
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10. CONCTUSION

Tests during suruner and faII L975 índicated that the cross-

larnÍnated polyethelene bin, permanently supporÈed by wire mesh, performed

satísfactorily. The po1yo1-efin nroven fabric-wa11 bin, temporarily

supported by wooden stakes, faiLed during fílling due to high elongation

of the polyolefin woven fabríc and could not be fÍ1led to the desÍgn

capacíty. The cross-laminated polyethelene withstood the grain loads

during the storage period and only a slíght reduction ín the tensile

sËrength of the sheeting was noticed afÈer nine months of exposure to

weathering. Ttre tape used to fasten the roof-to-wall joint deteriorated

and had to be retaped Èwíce during sLorage. This problen could probably

be eLinrinated by using sto-downs and not Ëaping Lhe joint at all, Míce

lived under the snow that piled up around the bins and che¡,red holes in

Èhe sÍdes of four bins. The hoLes allowed water to enter the bins and

resul-ted Ín grain spoiLage on the fLoor. The bín darnage could be

eliminated by placing a metal stríp around the bin base or by placing

the bíns in an open site to reduce snor,z piling on the sides.

A vent in the peak of the bín did noÈ seem of any advanÈage.

Snor¡ bl-ew through the venÈs causíng spoilage at the peaks. There

night not be any need of exÈra sheeting on the fl-oor to prevent the

entrance of surface hTater because only a small âmount of grâín spoilage

occurred on the floor of undamaged bín whích did not have extra sheetÍng.

Cross-laminated polyethel-ene rrhite sheeting for bín construction, wíre

mesh as a reinforcing naterÍal- and 10-cn r¿Íde adhesive tåpe as a fasten-

Íng naterial- performed satisfactoríly.
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Even Íf Ëhere had been no holes Ín bins 1, 2, 3 and 4, there

Ìrrould cerËaÍn1y have been a sma11 amount of grain spoilage on the

floors. The grade of the graín remained constant Èhroughout the

storage period, indícating that bins, both emergency and permanenÈ,

vreTe effective in maíntaj-ning grain qualíty during a storage period

of nine months (except for Lhe poor qualíty graín fron each bin that

r^7as thror,in away and Ìr7as not graded) .

As expected, emergency bins can not compete economi.cally with

permanent bins in a year of average crop production. They wíJ-1 be an

economícal nethod of storing grai"n surpluses that occur in one out of

three yeârs or less frequently. Because the emergency bins can be

erected by tÍ,ro or three peopLe on an unprepâred site in about 1/2 to

t h, they can be readily used for the emergency storâge of Èhe graÍn.
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11. SUGGESTIONS T'OR FURTIIER STI'DY

The Tu-Tuf tape used to fasten the roof-to-r^7a11 Joint

deteríorâ.ted due to r,rreathering duríng I975-1976 storage tests and

had to be retaped twice dufing nlne months of storâ.ge. A bin usíng

onl-y sto-dor¡ns for the roof-to-wal-1 joint and not tapíng the joínt

at all- should be tested in storage tests. The bÍns to be tested

should be erected in an open síte to lessen the snow pi1-ing around

the bins. If a suitable sÍte is not available, then a 15-cn i¿ide

meÈal sËrip should be placed around the bin base Èo observe the

effectiveness of such a strip in preventíng mouse activity.

A bag structure (sími1ar to the structure tested during 1975

sumler tests, descríbed in Sec. 4.2) withouË a shaped floor (so as to

reduce fabricatíon labour cost) and ínside a rn¡ire mesh should be

tested agaÍn. Some modíficatÍons are required in tyÍng the roof.

A larger capacíty i:in (around 65-m3 capacity), whích r¡ould

reduce the annual storage cosÈ peï 13 ¡t"f.r Table 8.3), should be

tested structurall-y, To reduce the fabrÍcatíon labour cost in paint-

Íng the concentric circles on the floor, a bin should. be loacled

eccentricalLy to observe Ëhe degree to which the bins can be eccentic-

ally loaded before failure occurs.
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AP?ENDIX A

Annuity approach to bin costs.

Total yearly cost = Fíxed costs + Variab le cosËs

rrhere:

Fixed cosËs = Annua I charge for capital + Insurânce on structure
recovery ( depre c Ía tíon)
and interest

Variable costs = Graín spoílage + Repaírs + Insurance on grain
(Grain spoilage could not be estímated and
Èherefore Ís neglected here)

The annua I charge for câpital recovery and interest can be calculated by
an Annuíty method (Smith and 0Liver, 1974).

AccordÍngly:

Fixed costs = R (InÍtiâ1 structure cost - End use value)
* End use value X I + Insurance on structure

Annuity factor for each dollar Èo be recovered can be calculated by:

where:

R = annuity fac tor

A = âmount to be recovered, ($1.00)

I = interest xate, 7"

N = Tecovery period, yr

*=o, ['-t'*"-r]
I
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APPENDIX B

Bin materials and costs (65-rn3 capacíty)

Tu-Tuf-4 white shee ting

Floor - 7.3 rn x
I,Ia 11 - 1.8mX
Roof - 7.3nX

!üÍre mesh' 1.8 m X 21.0 m

Tu-Tuf tape
( 10-cm wide)

S to -d o\n¡n s

28 .00

r.¡ n I
21.0 fIl I 144

.z.l rn I

@ 74.O clmz

.a @ 4s-4 c/r&

20

6,60

2 .50

6.00

75 .00

$ 188.00

75.20

ç 263.20

I,Iooden pegs ¿nd miscellaneous

¡'abricaËion labour cos Ë

TOTÀL

?rofit and overhead cos !s
40% of the direct cosË

TOTAL
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APPENDIX C

Total- yearly cost of Permanent bins

Steel bin

IniËía1 cosr = $ 1070.00

Capacity = 60 m-

Estinated life = 20 yr

Annuity factor = O. L256

End use value = $ 107.00

¡,ixed costs = ç 1-35..Zz

Variablecosts=$19.00

Total yearly cost/m3 = ç 2.57

P l-yr¿ood bin

Inirial cosr = $ 665.00

capacity = 51.6 n3

Estinåted life = 10 yr

Annuity factor = 0,1698

Fíxed costs = 9111,45

Variablecosts=$19.50

Total yearly cost/m3 = $ 2.53

( 107" of the initial cosÈ)

(Assurning insurance cost is
$ 2. 50)

(Assuning repair cost each
year is ç 15.00 and ínsurance
on grain is $ 4.00)
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