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FOLEWORD

L
The problem ot cworage of “zady and other grains has assumed seriouns

proportions ir Iri Lanl: 25 in many other Asian countries, as a result
of the oredisious incre.css in production over the past few years.
Traditionsl cratems of rain storage have been gradually phased out with
increasing Government intervention in the grain business. One - wvexry
important method of s:gnificantly alleviating the storage problem is to
nave :f:_‘armers stors their grain for as lc ¢ as possible, This is auto~
matic in a frec mxrket since the cost of storage and compensation for
any loeses is mor« than balanced by the increase in prices obtained a
few months after harvest. At the pressnt time, with a guaranteed price
and a guarantee of purchase by Government, no farmer will consider it
worth his while tb invest in, and sperate storage for grain except for
his own use or for seed purposes. The policies declared by the present
Government tend to indicate a gradual movement of Paddy industry into
a groﬁing free market, and it is timely that farm level storage deve=
lopment should be ﬁnder taken 5o that the technology is ready when needed,
The "Bissa" iz a proven and age-cld method of storage and this study is
the first step towards developing = technology that would suit the farmers
needs. It is a structure of wattle anc daub with straw roof and is fownd
in one from or another in many dsian couniries and in Africa. The struce
ture costs practically nothing to tis farm.r besides his own labour, and
future work on the application of mucuyn technology to thie basic struow
ture will involve mainly operciional acitels. Further work on this and
other,‘indigenious structures is sontinving and will be reported in due
course, ‘

Velisde Hikramanayake

Hanager '
28th April 1978. . Rice Procussing Development Centre.
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EVALUATION OF THE “BISSA"-AN INDIGENOUS STORAGE BIN

by
‘.
K.B. m’.m@
INTRODUCTION

me need for storage arises beoause harveste are SOAS0NAL mid ﬂm sonsumers
want their food at a fairly constant rate through-out the yeu-. 4 2egular
mpplg of food for dasily w:lon can only be assured and maintained
thro@ storage.

In &'i lanka, only 40% of the totsl production of paddy is availadble as
-u-kg_hbh surplus and the resaining 60% is hold by the farmers for esed,
tmgi;n,_md oconsumption, Survays oonducted by international orgznisations
1like ‘PodsO have revealed that the major loss in the post harvest operation
ocoufs only in storage, perticularly at the farm level due +to improper
and iai‘.uqmu storage faoilities. Improving and popularising fars
lml, storago may not only help in reducmg these losses but also help,
in mrming the storage prcblem now the cmmtry is faci:ng at commmroial
lwqifg In this oontext, the cignificance of a complete evaluation of the
ah'dm existing farm level permanent storage structures whioh are
oouﬁu'utl by feom locally availcble material and the technical know-
how Qg it is known by our fammers, hardly needs emphasis.

“'BIQ !i.ln" is a traditional storage structure used by farmers
..tn;y in the di.ﬂuctl of Amuradhapura, PFolommarawa, Kurunegala
and to a lesser axtent in all the other districts of Sri lanka., It
is s m‘t mnge struoturs, build in +the open air normally closs
to ’gc farsar%s residance. It is constructed in various sizes and
the upmiths varie from % ton (25 bushels) to 10 tons (500 bushels),
The g}torm. required for its construction oould be easily obtained in
the gglhga and the design and operation of it is traditionally kmowm
Yy q@u Variods types of the structure are constructed in different:
lra;g meh differ elightly in the shape, material usad for construction,
but i!;n basioc strustural fca.tures from point of visw of storage remains
the m in all typea. =

71—5
» lh!lu-oh Officer - Rice Prooeseing Development Centre, Anuradhapura.
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METHODOLOGY
wteISATIT

The evaluation was hased on :

s_) A complete study of a "Bissa® constructed in the RFDC premises at
Anuradhspura in which paddy was stored for a period of 6 wmonths,

b) Information obtained from farmers who use "the Bissa" for mddy
- storage. ‘

s A most common type of "Bissa" of capacity 5 tons was
"eonemotod in the open &ir, away from buildings, by a villager who
had previous experience in construction, Detailed sketches were drawm
of everyr stage of construction and the total labour input, material
: 'i.nmzt for consirudtion and thoir costs wére recorded.

After completion of construot:.on. the structure was
‘auomd o dry for 3 months befors loading with paddy., Preshly har-
vcstod pndqy belonging to the variety BG 11=11 was given the following
treitments before storing in the structure,

4 Sent through a scalper cleaner to remove sand, stones, chaff and
© Qust, ‘ " ‘

11 . Smdried for 6 kours to bring down the moisture content from 16%
- %0 12,5%

Before loading into the structure the paddy was weight
'mul; using a platform balance. Fhotographs were taken . during
“the louhng operation and 'the labour input for loading, any prcbiems
.nomlltorod during the operation were recorded. The structure was filled
%0 2/3 rds its crpacity only in order to have encugh spacs at the top
. to;' m out samples and for temperature measuremnta.

The paday was kept in storags for a period of six moaths.
Du.'j.ns this period representative sauples were drawn out every fortnight
ultn; a double tube grain probe of length 5 ft. The initial and the
t:ln;l saaples were taken before loading and after wnloading the paddy.
The ‘samplos were analysed in the laboratory to determine the following :

_ ae Joistwra content := This was determined as soon as the sample
"+ " was drawu out ueing a fatake moisture meter, | -
e Test weight with & without impuritiesi~ was determinod in the
*  Toledo grain balance which has a scal¢ on vhich 4he bushel
weight in pounds can be directly read off by weighing one
pint of paddy.
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Mechenically Gamaged grains (percent by weight )i~

A representative sample of 5O grams was extmined visually,
broken grains and grains with the husk layer partislly or
completely ramcved were separated by hand and weighed using
a gram balance.

Immature, empty & partly filled grains (pewcent by weight)i~
This was determined on a 50 g, sample of paddy, and on a 50

g sample of head rice, Semple was examined vieumlly, imnature

empty & partly filled grains were separated by hand & weighed
uning a gram bhalanece.

Fungal damaged graina (percent by weight):=

A representative nample of 50 g. of paddy & 50 g. of head
rice was wmmined visually, grains showing fungal growth on
the surface & dark spote accompanied with large sxtents of
chalkyness wam ssparated by hand & weighed using a gran

" balance,.

Chalky & brittle grains {percent by weight)-—

These mina wore examined visually in 50 g. of head rice
separsted by hand & weighed using a gran balance.

Nadi Qrains 3= '

These are grains which appear dark in oolour due to wetting

& subssquent temparature buiit up. Thess grains were separated
visually in 50 g. of head rice, separated by hand and weighed
using a gram balance. '

Stress cracksd grains (percent by oouni) jo

Grains that show fractures in the bran coats and endosperm
were separated by emining through a orack detector in a

' pepresentative sample of 500 grains, and counted.

Insect Damaged grains :~-
In a small representative sample the insect dana.ged grains

" wepe saparated from good grains., The number and the weight

of damaged grains and good grains were found neparately in
order to determine the following, :
ies Percentage insect damaged grains by number
ii, The peroontage weight loss due to insect damage
Sprouted graine s=
Grains that ere srrouted were separated in a 50 g. represen~
tative sample and the percentage calculated,
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k. Milling Quality s=
Sample milling was done using 175 g. of paddy. The paddy
was dehusked using a laboratory Satake rubber roll huller.
The brown rice was weighed and given a 4.5% + 0.5 polish
using a Mo-gill miller No.1. HMilled rice was weighed. (Total
milling yield)s This was next separated into head grain and
broken grain using laboratory grader and weighed separately.
“Me total milling yield and the head rice yield was caloulated
as a percentage of the Paddy while the amount of broksn grains
was caloulated as a percentage of the total milled rice.

. During the storage period of 6 months, temperature of the
grain mas3 was measured every fortnight using an Electronic thermometer
ha.wing a temperature probe, at the top canter, middle center, baottom center
and si.des (6™ away from the wall). :

, Throughout the Btorage period closs gbservgtions were
made on -Termite aotivity, Rodent activity, and bird activity, Records
ion kept on the condition, any repai®s done, on the structure,

At the end of 6 months in storage the paddy was unloaded
rro; the structurs and weighed uaing a platform balance, labour, time
requtromt for unloading and any problems encounted during this opsration
mg recorded,

Te date of loading with paddy was 14 September 1977. The
dstq of unloading wae 17 March 1978, These dates were selected so that
the per:l.od of experimentation coincided with north east monsoonal rainse

(m Su.aon).

o Apart from the above study the evaluation was also based
on iprorution obtained from farmers in the districts of Anuradhapurs and
Kunmmllo. who use the Bissa for storage of paddy. For this purpose a
tnld information sheet was prepared (amnexure 1) and the farmers wers
intgkviouod by visiting their homes,
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The study findings are presen’>d under the following headings :=

1.

Gonstruotion :

Construction

Ioading and Unloading

Performance of the structure

Strength and Durability of the structure
Cost of storage

Storage of other grains

Variations of the structure

-

Eigs ¢ 2,3, show the external appearence of the completed structure
of sapacity 5 tons. The main stages of construction were as follows:

A Constfuction of the wooden floor, which is raised

above ground by four wooden pillers
«~B.  Cenetmiction of the weden framework of the circular

wall ' Co

¢ Erecting the 4 vertmal support:.ng posts of the

~ eiroular wall

D Construction of the wooden framework of the roof |

E Plastering the upper surface of the floor, the
ingide and outside of the wall framework with
mud . .

F  Placing the roof on the structure and covering
with straws. '

Flg. 4 gives the dimensions of the wooden framework of tho flooyr and
the wall and also the dimensions and the kind of timber used for its
gonstruct;on. Fig. 5 shows the wooden framework of the roof, the
&ind of timber used and dimemnsicns, Fig. 6 shows the cross section of
!Ehe oqmpleiﬂd wall and Figz. 7 is the elevation of the completed struo~
wture showing its dimeausiouns.

‘ i}loor g

Q hard wood called "Ehela", which has a high resistance te decay and

‘Eernite attack, was used for the 4 posis which elevai®s the flcor above
‘round level by one foot (Fig. 4). The floor was made of timber posts

ﬁf D.5 inches placed horizontally, close to each other, on the 4 legs.

fhe npper surface of which was plastered with mud to s thickness of 3 ipches,
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-Nall =
The vertical wooden posts (diameter 2 inches) of the circular wall were
ben‘t slightly outwards in the middle and held in this position by throi
E;ungle creepers (ocalled "Eraminiya Wal") tied firmly to the posts by
coir rope at the middle, bottom and top (Fig.4). Due to this the diae
meter of the wall was more by 22 inches at the middle than at the top
and bottom giving a spherical appearence to the struoture. The advan=
f;a.gos of a structure of this shape are :=
&+ Sinoe the vertical reinforgements are already deflected there |
will be no further deflection of them to cause cracks in the
clay layers, when a load is imparited on the wall.

- Dbe Since the lower part of the wall is of a smaller diomoter, this
area will be less exposed to direct rdins by the roof than in &
structure havmg & larger diameter in the lower parts.

'l‘he advantagos of making the structure cylindrical and not square is
131:;1: for the same cross sectional area the perimeter of & ciroular bin
is very much less than the perimeter of a square bin., Therafore a
q&lmdrical structure is always cheaner to conastruct. Also siuce the
latml Fressure exerted by the grain mass is uniformly distridbuted on
the wall, the strength of the wall at all points of the perimeter ocan
bo the same unlike in a square bin where at certain pa.rts of the wall
‘a greater pressure is exerted by the gra:n ma.ss and more ‘reinforcement
is required, which means, a ciroular bin is easier to fabricate.

Mud plastermg of the wall and top mu-face of ihe floor was done twice that
1. after the 1st plastermg it was allowed to dry and then pla.stored '
' lgain to £ill all cracks which have appeared. Finally the ms;do and
outside of wall and the floor were coated with dissolved cow dung and
Qllowed to dry (F:.g.é)

Roof - :
319 diameter of the Jungle creeper in the roof framework (Fig.5) is
g?.ightly less than the diameter of the" upper edge of the wall so that

i1 fita into the wall and prevent displacement of the roof. In covering
fi:be roof, bundles of straw were placed overlapping one another, starting
f:pom the cuter diameter and going up to the center. '
S’\ipporting pillars s«

* The function of the 4 supporting posts (diameter 6") of the cylindrioal
wall (Pig.2) is to prevent the structure from displacement due to loads
fgmposed by the grain mass and loads imposed by rain and wind.
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The labour, material inputs and the cost of construction of the
5> ton Bissa is given below i=

(a) Material inputs :

- Material oty *Coat
fis.cts
Coir rope | 10 1bs 20.00
Wooden posts L10' D6" (Satin wood) 6 210,00
Wooden posts 14! D7 - 4 60.00
(Satin wood or Ehela) - : ,
Wooden posts L8t 15" (Weera) .20 120.00
Wooden posts I8' D2 (Weera) 48 72.00
é@ooden sticks 16" DAv~1" (Jungle sticks) 30.00
Jungle Creepers L100' (Eraminiya) 10,00
o ) o 535.00

"
Cost of material was calculated on the current market prices.

(b) Labour inputs:—

Oppratibn. . | | v " Iabour input  Cosot @
- : S ' man hours ° 1.,00/hr
2. Sliéipg_fimbef,cutting posts, . o
- drilling holes on the ground 32 34.88
b. FBrecting posts ‘and construction |
~~. of the floor of the Bissa . 16 17.44
g. Cutting sticks and constructing | -
’ 'ﬂfe'ﬁa'me of the wall ’ 48 52,32
'de 18t clay plastering of the wall N 34.88
e. 2nd clay plastering of the wall 16 1744
f. Coating the wall with cow dung 8 : 8e72
gs Constructing tie frame of the roof 8 BeT2
he Covering the roof with straw R 4 4.36
@ The total cost of conetruction = 713,00

. j;'om the information obtained from farmers it was found that almost all
O’_f them have obtained the material reguired for construction from the
jungles, free of charge, and also family labour had been utilized for

g 5§>nstruction. . which means, the above cost analysis is subjected to
‘.\‘-}ide variation from place to place with the availability and price

paid for labour and material inputs for fabrication.
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loading and Unloading i=

Both loadirg and unloading was done by lifting the roof from one sid#
(Fig. 8) so that a space of about 2 ft. was created ‘betﬁﬂeen' the wall and
thg roof, through which paddy was filled in or taken cut in baskets.

The loading operaticn was performed by two men, while for unloading
three men were required, where one had to get inside the structure and
give out the paddy.

A serious problem encountered in these operations was that, when
lifting the .roof it tend to shift from the original position due to
which damege can be caused to the roof structurs,

The labour requirement and the cost of loading and unloading of paddy

in the 5 tom cspacity Bissa is given below.

Ioading operation :=

labour requirment 4o load 1 ton 2.94 man hours
Cost of locding/ton (@ Rs.1.09/man hour) = Rs. 3.20

' Unloading opera.t:.on

Labour requirement: to unload 1 ton from-
upper half of the grain mass

, 6.65 man hours
Cost (@ Rs.1.09/man hour.-)

= Rs,7.25 -
Labour requirement to uwnload 1 ton from- -
_ " lower ha.lf of the grain mass = T+37 man bours
" Cost (@ ﬁs.i~09/Man hour) o = 'Rs’V;B.O.B
The average cost of wnloading per ton " = RS.T.64

Following sdditional information was obtained from the farmers, with
regard to loading _a.nd unloading operations.

as These operations are psrformed by nt:n.luing family labour,
therefore no cost is incurred.

b. loading is done once or twic€ a year after the harvesting
seasons, While wnloading is done svery wesk or fortnight
because most of the paddy stored in, is used for consumption.
The quatity taken out at a time wvaries from 1-2 bushels.

Since farmers own much smaller structures, mostly of capacitigs
below 2 tons, the problem of the difficult; in 1ifting the '
roof and also the shifting of the roof while lifting is

not encouni ~red.

i
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3a Performancs of the structure :=

Table 1
months:
a.

be

gives quality cl‘aanges of paddy during the storage period of =six

Moisture migration := The moisture content of the grain has
increased from 12.7% to the equilibrium moisture content of
14.2% during the 1st two weeks of storage and there after
remained almost uniform excepi for slight changes, which may he
due to the change in the relative humidity of the atmosphere,
This shows that the structure was completely weather tight evan
during heavy N.E. monsoonal rains in Anuradhapura. Also since
the floor is raised above ground, there was no possibility of
ground water to come in contact with the paddy. But still the
moisture ocntent of the gra.in throughout the storage period was
above the "Cntlca.l Moisture Content® of paddy (14.2“) vhen
microorganism and insects are fully activated to bring about

deterioration,

Temperature changes 3= Table 2 gives the temperature of the
grain mass at verious places during the storage period of 6=
months. The temperature of the grain mass never weat more than
1-2°C above the ambient temperature up to 4 months of storage,
sliowing that no hot spobs to indicate rapid deterioration of
grain were developed. Lxcept during the last 2 months, when the
temperatwre changes of the grain close to the wall rose by

about 4°C. ‘Ihe reason waa later found out to be dus to wetting,
followed by fungnl invasion of grain close to the wall (about 2"=
from the wall )Ikhe‘ca.use of termite activity and nesting in the
wall. Froin the ‘readingSof table 2,graphs were drawn to show
‘the changes in the temperature of the grain mass with the ambiant
temperature, (Figl). Turing the first fifteen days the temperature

" rose rapidly., Tnis wzs expected because when freshly harvested

grain is stored there is a initial rise in temperature which can
go up to even 7°C above the ambient temperaturez. -~ After the
45th day the tempersture “remained almost ccastant throughout even
though the ambient temperature fluctuated very much showing that
the wall and réof meterial resist heat flow in and out of the

,.s'll:ru'cvture. Still, a fevourable average temperature of about 32°%

existed in the grain throughout the storage to active the chemical
(respiration), biological (microorsanisms and insects) variables
of deterioration. |

A main defect of this sturucture is that it has no facilities

for aeration to bring down temperature rises.
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Purity of the Grain:- The percentage impurties in the grain

- has remained constant at 0.5% during storage (table 1) until

d.

e.

f.

g

the paddy was taken out of the st:‘rn.oturé, when the percentage
was increased by 0.2% .. This was due to the scraping of the
wall when collecting paddy and minute cla.y particals gett:.ng
contammated with paddy.

Stress cra.ckz in the grains :- After 105 days of storage there
had been a marked increase in the ¢ stress oracked grains (table 1)
thls may indioate 'bha.t with changes in the diurnal humidity, there
had ’beeu unequal momture gradients produced within +the graims
crea.tms a stress nthm the endosperm for grains to crack3

Mechanically damaged grains i~ There& was no change in the &
mechanically damaged grains showing that, during the loading and
uloading operation and also during storage, no mechanical damage
was caused to the grains,

Sprouting 3= No sprouting of the grain cccured during the
storage period (table 1), Showing that the grains never got
wet; in other worde the moisture content never exceaeded the
mEximun vossible equlihrium moisture content of 30-36% to
cause‘ sprouting.4

Insect Activity :~ There was a continous increase in the
percentage of insect damaged grains with storage (table 1)

‘reaching 0.6% at the end of 6 morths., The weight loss due to

insect damage wa® 1% after 6 months. The extent of damage wae
more marked after the 3rd month. At the rate of 89 cents a
pound of paddy, a 1% loss cannot be considered as an economic
damage, and adapting any chemicsl pest controlling prastices
mey be uneconiomical,

If a serious insect infesta‘ti“;d"h is encountered, fumigation of
the grain could be done easily.' Because by keeping a polythene
sheet in between the roof and the upper edge of the wall on
which the roof rests, the mtructure can be made air tight.

Tue insects observed were :- Sitoteroga Cerealla (Paddy Store

moth), Sitophilos oryzae (Rice Weevil) and Rhizopertha dominica

(Paddy store Beetle).

It was found that spome farmers adapt chemical insect controlling
practioces like spraying malathion on the grain mass or adding
B.HoCo dust once a month. According to them, the cost incurred-
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per application was one ruppee (average) per 1 ton of paddy. But
the majority of the farmers do not adapt any pest controlling .
practices because according to them, the damage due to insect
attack is negligible, if clean dry paddy is stored in the
structure. ‘ ’ -

lold.a.ctivity s~ There was only & slight increase in fungal
damaged grains (0.3%) during the 1st 4 months of storage but during
the last 14 months a marked increase was observed. (table 1).

At the end of six monthe the increase was 1.5%. This was due to
active mold gz-owth in the grain close to the wall (1% inches from
the wall), at certzin places, whose moisture content went upto .

20% due to termite activity.

- Rodent activity := No rodent activity or damage was observed

" during the storage period of six months. 5till the structure
cammot be considered as rodent proof because rats can c¢limb along
the four vertical support posts of the wall, .also along the legs
of the structure and reach the grain through the straw covered
roof. .Some farmers who were interviewed, complained about rodent
damage. They avercome this problem to Some..extent by keeping
traps inside the structure. ' :

Termite -Activity:~ _ This was a serious problem encc;untered du.x"ing
the - experiments: Termites demaged the wall by building nests on
the inner surface. The source of infestation was traced to the

. graund, from where they ha.vé- climbed along the wooden legs of the
. oostructure and tunneled into the wall. The moisture content of

" the grain in the vicinity of the nests (1~1% inches.from the wall)

- was 20¢. and the grains were britile and chalky with white mold

growtﬁ of the surfaces. The extent of damage to the grains due

to this wasg about 1% (table 1). A1l the farmers who were inter—

view_ed werse a.wa.r"e that the s_‘l:ructure is piove 10 termite attack,

They overcone this probiem as follows je , |

a) A layer of commen salt is sprinkled round the posts in contact
with the =o0il so thé.'t terﬁxites cann't rea;ch fhem.

b) Keeping the ground close to -the structure clean and observing
constantly for termite activity in order to ‘destroy any termite

paths built,

Bird activity i~ No bird activity or damagé wat observed in the
grain Quring the storage pMiiod of six months. The structure there=

" ‘fore can be called as "completely biprd proof™. s
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During the first two months after completion of construction when
the straw covering of the roof was still new, birds started picking
the straw causing very slight damage to the roof. later as the
straw got old and settled, this problem was not encountered. _
There was no way to overcome this problem except to rea.rrangr or
repla.ce the straw to cover the thinned out areas.

1. Mlllmg quality :=- After 56 months in stor.ge, there was a reduction
.in the total milling yield by 1%. The head rice yield was reduoced
by 11.,5% (table 1), This can be expected because of the increase

5

in the number of stress cracked grains”,

m. Test weight :- From the readings of table 1, ithe weight per bushel
at 14% moisture was computed (table 3). At the end of 6 months in
storage there was a loss of 1.8 1bs. in the Bushel weight.

n. Weight changes := Table 4 gives the initial weirht of the paddy,
the weight after 6 months in storage and the respective moisture
contents of the grain. There was a apparent increase in weight
of 102.50 1bs, The increass in weight due to the change in moisture
content from 12.7% to 15% is 2.71%, that is 183.33 lbs. Therefore
. there ‘had been a dry matter loss- of 80.83 lbs., or 1.2 after 6-
months in storage. At the rate of 89 cts/lb of paddy, the loss
incumed by storing 1 ton of paddy for 6 months will be about Ree24/=
which is quite negligible cemparsd ‘to the value of a ton of pa.dd.y,
which c¢ome to Rs.1993.60 '

Summarising the above findings with respect to performancé, it i clear

if precautions are taken to prevent termite damage and Rodent " damage,

the structure can store paddy withrut any significant deteriorative lossee
upto a period of six months. (which is the normal storage period reguired
by our farmers). But since no aeration facilities are provided, storage '
of high moiszture paddy will not be possible. |

_From the information obtained from farmers it was found that sovme keep

paddy even upto 1 year without many noticeable damage.

Strength and Durability of the structure :=

From the date of completion of construction until the paddy was taken out
(9"'.months) no repa.iré were done on the structure.

After the paddy was unloaded following repairs had to be done to moke
the structure suitable for loading with paddy once again.
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... Nature of Repair Material Iabour inputs Material  ILabour Total

inputs man hours cost cost (@ cost
(RB. ) .OQ/m nh :
Covering the roof 50 bund- 4 . 4.00 4.36 8.36
with new straw less of ’
: P straw
Breaking termit clay soil 8 nil 8.72 8.72

nests in the wall
& replastering
-~ with mud

Coating the inner clay soil 16 nil 17.44 1744
& outexr surfages :
" of the wall with
a thin layer of ;
mud : A

TOTAL COST . 3252

e a.bwe cost would have reduced by Rs.8.72 if precautmns were taken
to prrevent term:.tes from reachmg the structure.

- ‘Informatmn obtamed from farmers revealed that, once a year the roof
. has: to be. covered wnh new gtraw and replastering with a thin layer of

- mud to cover any oracks, which have appeared should be done to keep the
struc'bure in sound shape. They incur no cost for these repairs because

m_a»erial is obtamed free ‘of ‘charge at village level and famn.ly labour is
ut:.l:.zed. Accordmg to them 8 "Bissa":.f meintained properly will last for
‘over fifty years,

The ;loads, imposed by paddy on the wall and fleoor of a 5 ton capacity Bissa
, is aB follows. '
A) Iateral pressure imposed on the wall
- Assumptmns ~ a. Angle of Repose of Paddy = ¢ = 36°
: | b, vSpecific weight of paddy = (w) = 36°
_ : co Structure is loaded to full capacity
7 -Apl.ly:mg Rankine's Equation

L = Wh 1-.31n
1+-.111‘ )
‘Where - L = Iateral pressure (Force/unit area)

W = Grain specific weight (Weigh‘b/pnit volume )
Anzle of Répose_ of paddy
h Dpepth of grain (ft.
The pressure at anypoint on the center perimeter
= 35,96 lbs/ag.ft.

mesmaR e

-
]

‘The pressure at uny point on the bottom perime ter

= 71s93 1bs/ug.fte
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B) The vertical load imposed on the wall due to frictional force of
Paddy.
Assumptions . = &. QGrain to bin wall erection coefficient = 50o
- be The structure is filled to full capacity
Applying equation ‘ ‘ ‘
) CL E =1L tan g

; v‘ . B
Weere - F, = Vertical wall load/unit of prrimeter
L = lateral pressure on the wall
(Force/unit area)
4 = Crain to bin wall friction coefficient

The vertical load at any point on the center peri-meters, . .
' = 42,79 lbs/sq.ft

The vertical load at any point on.the bottom perimeter:

= §4.49 1bs/sq.ft./

C) Load imposed on the floor. .
Aésmptim - a, Structure filled to full capacity
® Speoifin weisii of naddsr = 36 The/ou.
:.“Dm Baruntior | |

v

v = Wh

h‘here. ) v & - Flpan Iand (qu“,m,/nwi + avenl
: ' W = Specific weight of-paddy.
h = depth of grain .

’i‘he load per unit arvea on the floor : = .
e = 266.4 1b /qq.ft
Gi{t‘en below is the cost énal}sis for storage of 1 ton of pa.ddy for one
year in a "Bissa". : '
a) - Fixed costs = _
(i) Costruction(page? )
Material cost = 535/5 = Re,107/=
Labour cost = 178.76/5 = Rs. 35.75

(ii) Depreciation (life span of the structure—
20 years) : = 107.00/20= Rs. 5.35

(i1i) Total fixed cost/ton/annum = Rs.148,10




'b) Varisble costs: -
{i) Maintenance cost (page15) ., = 25.80/5 = Rs. 5,16
(ii) .Cost of loading (page 10) = Re.  3.20
(iii) Unloading cost (page 10) = Rs.  To.64
(iv) Total variable cost/ton/annum = Rs. 16,00
Cost of storage/ton of paddy/annum = Rs. 164.00

sl

(OR Rs. 3.28 per bushel).

As mentioned earlier (page 9) above cost analysis is subjected to wide
va.ria.t:.ons w:.th the a.vnlan:.l:.ty and price mmyed for labour and material
innuts o

Storage of other grains :

Apart from storage of paddy,. some farmers use this structure for
storage of the cereal, "Kurakken". According to(them this grain stores

equally well as paddy.

Variations of the Etructure i -

" Given below are some variations of the structure, from the common type,
found in Sri Ianka. .

v.(z) " G%one ' posts are used instead of wooden posts to raise the
structure, These may be more durable than timbér which is
guseptible to'decay and termite damage. But in some areas, it
may be d:ffmult to obtain stone posts of the required dimenszions.

_'(i:l) The wall is eonstructed by weaving closely a kind of jungle

| creeper called "Alukads Wal" of diameter 3" and plastering the
inside of the wall only with a thin layer of cowdimg, or inside
with cowdung and outside upto half the height of the wall with
clay. . ,

Hith the clearing of the old jungles it is now difficult to
-obtain these creeper.. Thercfore this type of structure is not
_built anymore. According to farmers thedge creepers resist
. termite attack, decay and last for over 50 years.

.{iii) -Roof is covered with cadjan instead of straw. In areas where
‘ cajan is freely available (e.g. coconut triangle of iri lanka)
this could be adapted because cajan is equally good as straw,

if not vetter, against weather factors .
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(iv)’ Instead of aking the roof circular, it is constructed as shown
in Mg. 9 . Adwantages of a roof of this shape may be :
a. loading an unloading is done through the space between roof .
and tke wall, which is easier than having to 14ft ithe roof.
b. 'l‘qiya. certain extent there io aeration of the grain because
» fresh air cir_culé.tes on the mu'face'df the girain masss

R Fi'equaxit imﬁpéc‘l:ion of the grain becones eésy.

The dzsadvmtages which may arise are :

3« -The grain is more exposed to rats,’ birds, insects, which bring
about damage to the grain.

b. The gi‘ain ié more exposed to the environmental temperature and
humidity - changes. " | :

Ce  dmall droplets of water carried by wind during heavy rains may
wet the grain. .

- de Stealing of paddy from the structure becomes ea.ay.

(v) Instead of lifting the whole roof for loading and unloading
operations, a section of the roof which is on hinges is lifted,
crea.ting & space enough for a2 man to ket in easily through whiech
Paddy ig put in or taken oute Fig.10 elvée tLe wOudsn Crams work
"of this kind of roof. Comparing ’-:rth the commen. type this has
tha fallasing aivantages @ ’ ‘ |

e Loadmg and unloading operatlons could be performed easily
and convmiently.

b. Mo d.:.spla.cement of the roof cu,usmg damage to the roof
,structu.re will occur dur:.ng this operation

c.4 Time consumed for lotdmg and unlondmg opera.tionb will be

, redwce-i,

(vi) Fig. 11 shows a Bissa in Africa. No information could be
‘ obtained ‘re'gal.‘rdiﬁn'g it's conitruction, operation and performance.
Pédﬁa'bly loading is done through the 0pening. found on upper |
part of the wall. One di’sa.&vaﬁge of having an opening of this
nature is that, unless strict security measures are taken paddy

could be pilfered.
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IMPROVEMENTS SUGGELTED

| C&nstrubtion 1= If timber is costly and difficult to obtain, it

may be possible to construct a solid brick floor rising from the ground
instead of the wooder platform. If so, cement will have to be used

aé the bihding meterial for bricks in order to resist:damage by direct
rains hitting the floor area. Drains may have to be cut around the
siructure +o prevent run off water coming in contact with the floor and
there by damaging it. Alec ~ cheet of palythene will have to be |
' Sandwitched in the floor structure in order o prevent the floor getting
moist due to <oepage water from the ground. But with a floor of this
n;ture; following proﬁleﬁs may arice a) making the é%ructure rode:t
pgoof and ternite proof will be more difficult than in a structure which
is raised on pillers, b) obtaining polythene theet, cement etc., will
be difficult at farm level, Further studies will have to be carried

: oﬁt to overcome these problems.

There is alse a possxbllity of’ maklng.a cyllndrlcal ‘all us:ng bricks
instend of the wooden frame strucfure, if tlmher is a bcarce and expensive
1tem. For this a solid brick floor will be needed. Further studies
w111 have to be carried out in order to deuermlne the vtrehgth of the

btructure and coot benifits,

Ibading and Uﬁioaq;Jg “ Liftiﬁg the roof, to perform these operations
is; one of the major defects of the sturcture. This could be overcome by
conntructxng a roof, where a section of it only'could be lifted and
unloading cBuld be done Fig. 10. The design and operation is very easy
agd material for comstruction is available at farm level, This has
-been dlocuzsed in detail, eurligr gﬂa 9153). Another n0081b111 ty e

to have a small opening (diameter 1 ft) cad a chute with z cliding door
made out of mei.l constructed ir the lower part of the wali, through
which paddy could be taken out. But to con: ot thla, obtaining metal
sheet and welding materizl will be difficvlt, at fars level and also
fﬁe techmical now how is not available at form level., Further more,

unlesu it is built wtrong incuring = high expenditure, any percon can
break open the door and steel the paddy.
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3} Performance :-

,a)

c)

A major limitation of the structure is that, it has no aeration .
facilities., Therefore the paddy stored in have to. be well drled

" if deterioration has to be prevented. Further studies have to

be carried out to design a cheap aeration device vaing locally
available material.

The structure is prone to termite attack. This could be avoided
br mainting the posis riming from the ground with "INTQZ B® op

any other chemical used to control termites. In addition, by
adding common salt round the posts and by regular observation to
break any termlte paths, this problem could be éompletely overcome,

The paths which rodents can take, to enter the structure from

the top, are along the 4 vertical supporting posts of the wall

and the 4 legs.of the structure. By raising the structure 2 - 2% f£t.
off the ground and fixing rat baffles (tat guards) Figs:12,13,14

on the 4 legs and the 4 vertical posts 2 fi. above ground will

make the structure completely rodent proof.
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CONCLUSION

In improving farm level storage, it is always better to
iMproue and popularise the already existing permmnent
storage structures, which can be fabricated from material
éésily available at farm level at a low cost and also
ﬁhose design and operation is known by our farmers, than -
introducing & néw”structure; In this contegxt, the Bissa,
with slight,modificafibns, is an ideal sfructure for farm

level storage because of the following reasons,

‘

1. Easy to fabricate, materizl for fahriration owailable
at tarm level. ’

2. Design and operational know Low is awailable at farm
level, .

3. With précautions taken against termite and rodent
damage, it stores proﬁerly dried paddy without any
significant quality deterioration for .& period of
over six months (which is the normal period required
by our farmers to store paddy from ome season of
cultivation to the other).

4s Strong and durable. If properly maintained lasts
for over 25 years.

5« Horkable under all conditions.

€. With slight modification loadins and unloading become
easy.

" 7. low cost of storage.
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FIG. 7 ELEVATION OF A BISSA (5 fon capacity)
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Fig, 8 ~ loading & Unloading operatiom
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FIG.-9 A VARIATION OF THE ROOF STRUCTURE




FIG 10 ROOF FRAMEWORK SHOWING HINGED PORT
FOR LOADING AND UNLOADING ‘
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Table 2 - Temparature changes in the grain during storage.

Pe'riog‘ﬁé‘of Ambiant Temperature of the Grain (°C)
‘? ?:g:f '(cgrgx)»emure‘ v%p Camter | Bottom Center | ¥iddle Center .SidDB.J".ﬁ"
b vtom -Cent . bt
- 0 e 31,0 s 31.0 | 31,0 '31,&?
15 | 3.2 | 32,1 31.6 30 30.9 .
0 | 31;0 33.0 33.2 : 33,5 33_§ : “
45 © 310 33.5 335, 33.5 3.0 |
60 30.0 3141 0.5 rs | 2.2
1 5| 316 e} 3 we § 2e
9 .__zék.s {311 3141 1 2.8 § s 4
A 105 30.1 " 32.0 \3‘2v.2 L3245 34:-(
{ " 20 | 3t .31.i ' 33.3 31.7 - 35.3
- | ‘
' 135 31 3.1 32.2 T | 356
L. : 150 3t | 314 3242 3.7 | 3143
165 315 31.7. 3249 32,0 35.6: |
! “
180 31.3 3145 330 3200 3545 !




Table 3 = Change in Bushel weight with time of storage

4-pertoaor | o |15 | 30 | 60 | 75 | 90 {105 | 120 | 135 | 150 165 180 | 1¢
- storage | _E N B S et ' ]
(daye): -

Bushel wt. 46,01 45.7 ] 45.1 | 45.1 4501 145.0 14541 [45.1 14540 [45.2 | 44.
without
impurities
at 14%
moisture
(18s)

143.9 | 434

no

Table 4 -~ Change in weight of paddy with the period of storage ' '
Storage period _ Weight. Moisture content
(days) - (1bs) . o <
0 - - 6765.25 ' L 2a
* L .
180 - 6867.75 , 150

* leighy of the camples drawn out were added to the final wt.
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FIELD INFORMATION LHELT

NAME OF FARMER

HAME OF VILLAGE e e e
NARE OF DISTRICT e e s

TIFE OF STORAGE STRUCTURE

..
-
3
.
.

»e
L d
.
-
»

CAPACITY

CONSTRUCTION

2. Shape of the Structure P a0 o 6
{Draw sketches)

b. Dgte constructed

c. Mgierial used for
construction of the

Floor $ e 0 e e
Wall c & 8 & @
Roof L s a6 s e

d. From wherr were the
matexrial obtained

e. Cost of construotion o o ¢ s's -

mmj;nc & UNLOADING |
18 lgpthod of loading

l..'.'..".i’.l..l'l.l

b. How many persons are requi-
red for the loading operation

Ca- Hovw -ofben is tke ;}d__ﬂﬂ-?!’

S|

d. What are the problems encoun—

ted in the loading operation: o « « « «
" e+ Nethod of unloading 2 e s e

e 8 - @ * & @& +» @ L L s o @ s 5 & &

f., How many persons are required
- for the unloading operation : « « « &

I e ——

* 8 & =




(2)

g« liow often is the paddy
unloaded . T e 8 & 8 8 s @ e 8

h. Problems encounted in the
unloading oreration .: e & ¢ 8 & o s 0 @& ¢

e &€ ®# 5 ¢ 8 9 % S ® 8 & B & e 5 5 & & ° & & 8 & 8

8. STORAGE OF PADDY

a. What are the treaiments N
given to _Laddy before
loading

& & © a ¢ & ¢ & 3 @

e 8 & & e 8 o = 8§ »

bs For how long peddy is . )
sundried before loading L A L

¢. Can you store high moisture
Mmthesmctm P e e s & 8 s 0 w0 e

de Are there any aeration
fadilities - HE LI EEEE
* L] [ ] - L ] L * a [ ] - [ . L 4 L] L ] L L) L] . . [ 2 L] L] L ] [ ] L] [ ]

e, -What is the period of
#Ora.ge A A A I

f. What is the condition of the :
paddya’stheendoft‘xeabove ! o s 0 0 s s e s
storage period . ;

g. Do you notice any loss in the
grain at the end of the storage o
perIOd ? : S e v o 5 s 0 8 e s

If so how do you account for
t;xe loss . 2 s e w s e 8 e R,
.bc .e. T« » ...l l'.\. 4 & o 2 .‘. e 8 & o @ & &

In your opinionis the losz due to the following :

a. Rodents P s 6 e & 8 s u n o8
be Dryage . P e 82 8 s s 8 s s s
C. hsects 2 o o 8 v 0 s 8 & 8

d. Birds P e e o s 8 8 v 8 @

e
L
L]
.
L]
-
*
L
[ ]
L

6. Termites

« ¥+ Handling




(3)

Do you take any precautions to prevent tuis lose

n
. L L] L] L ] . - L] L L ] L] L] ) L] L] L] . . L ] L L L]

[ ] L ] . [ ] L] [ 3 -« [ ] L ] L] . L ] L] L L3 L] L ] L] L4 [ ) * . L] e - * [ ] L L ) . . L L ] . » [ ] L ] . [ 2

'ho

i.

L.

Do you observe insect activity

and damage ?

- ¢ ® o . & L] . [ ] . L

1f so how do  you over~come

this problem

o8 @ & 8 B ® 5 6 5 & © & 8 & . ¢ & 5 & s o6 ¢ & % s o

Do you observe rodent activity

a.nddamaga ?

s 8 @ ¢ & = * o L] se [ 4

If so how do you overcome

this problem

8.8 ® @ 6 8 € & & 8 & & & 6 @ & & ¢ 6 ¢ ® 6 & & &

.
- 5 & & o & & & » ¢

Do you observe termite activity

& damage ?

If so do you overcome this

problem

" & € ® & 8 ¢ & & 8 & & - g & &> H g » 0 e & & 9 b

Do dyou observe bird activity

*

-

If s0,haw do gou overcome

this problem

15 the structyre moisturc proof during heavy rair:

9. UTORAGL OF OTHER GRAINS
Is the structurc used to store other grains? « « .

a»
b

" 8 8 @ & 4 0 s 8 e

L ] L L] L] L L ] - - L] L] -

I A

S e 8 2 0 0 0 = o s

If so what are the gm:ms atored

P 2 * 8 8 6 ¢ & & ¢ & @

-
. @ e & o o« @ L] [ N N

® & ® 8 ¢ a o 8 & B s e s @

10, smmxr}m & DURASILITY OF TIE STRUCTURE

e
b

Ce
a.

-KBP sanu,

Hh.x" is the 1ife ipan of

a Bissa ?

Hiow often do ycu have to
repair the structure

Nature of the repair
?ost
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