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?
The problem of .iorse »f ady and other grains has assumed serious

proportions ir i iwnlz o+ in many other Asian countries, as a result
of the predisisus incrasces in production over the past few years.
Traditionnl cyatem:: of xain storage have been gradually phased out with
inoreasing Govermment intervention in +he grain business. One - very
imporiant mothod of s:gnificantly alleviating the storages problem is to’
ngve farmers siors their grain for as lo'; as possible, This is anto~
matic in a free morket since the cost of storage and compensation for
any loases is more than balanced by the increase in prices obtajned a
few months after harvest. At the present time, with a guaranteed prioe
and a guarantee of purchase by Government, no farmer will oconsider it
worth his while to invest in, and operate storage for grain except for
his own use or for seed purposes, The policies declared By the present
Government tend to indicate a gradusl movement of Paddy industry into .
a groﬁing free market, and it is timely that farm level storage deve=
lopment should be wundertalken so that the technology is ready when needed.
The "Bisea" iz a proven and age-cld method of storage and this study is
the firet step towards developing & iechunolosy that would suit the farmers
needs, It is a sipucture of watsle anc dawb with siraw roof and is foundt
in ong from or another in many dcian couniries and in Afvica. The etrude
ture cosis practically nothing to thc farm.r besides his own .labour, and
future work on the application of met-an technology to thisc basic struom
tuwre will involve mainly operciicnal aiiccts. Further work on this and
other indigenious structures is sontinving and will be reported in due
source,

Velioile Hikramanayake

Hanager
28th April 1978. . Rice Proccssing Development Contre.
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EVALUATION OF THE "BISSA"-AN INDIGENOUS STORACE BIN

by

..
E.B. Palipane

IETRODUCTION

e need for stovage arises becauso harveste are seasonai wii *hd comsumers
want their food at a fairly constaut rate through-out the yesr. A regular
mpl;ottmmhmwammmummmw
wm

nmmmﬁdmumwmmormummzou
mhghbhmmwthm%uholdhythofmamm.
vages: ;and oonsumption. urvays oonduoted by international orgsmimationg
unr.a.ommmmm major loss in the post harvest operation
occufy only in storege, pertioularly st the farm level dus +o improper
and :gndiqmtn storage faoilities. Improving and popularising farm
level storage may mot only help in peducing thess losees but alws help
in q¥izooning the storage prcblem mow the comntry is facing at comearcial
1«11. In this context, the significance of a complete evsluntion of the
ah'dﬁy oxisting farn level permanent storages structures which are
Wuw fzom locally availeble material and the tocknical kmow-
hwqgit is known by ouwr !‘mn.hartllyneeda emphasie,

"ﬁﬂntlll is & traditional storage structure used Ly farwers

p in  the dirtr:l.etl of Awradhapura, FPolomnaruwa, Kurunegnls
uul toalm axtent in all the other districts of Srl lanks. It
is gmmm. build in the oper air normaily close
to f?' fazwer®s Tesidance. It im oonstructed in various sises and
the ‘dapacities varie from & tom (25 buchels) to 10 tans (500 bushels).
'M%hﬁdnm:odror its oonstruction oould be easily obtained in
he ggum and the design and operation of it is traditionally lmowm
lv%us Variovs types of the structure are constructed in different:
mgmmnuMhinmmpe, material uced for cometruotien,
mgn-m gptrustural faatures from point of view of storage remsins
tlnmiaalltypea.

-!r

® Refiearch Offiosr - Rioe Prooeceing Development Comtre, Anuradhapura.
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The svaluation wae based on :

n_) A complete study of a "Bissa" constructed in the RFDC premises ai
Anuradbspura in which paddy was stored for a period of 6 monthe,

b) Information obtained from farmers who use "the Biema" for mddy
 torame. . .

i h A4 post common type of "Bissa® of capacity 5 tons was

"eonah-uotod in the open air, away from buildings, h;' a villager who

bad previous experience in construction, Dotailed sketches were drawm

of qveryr etage of construction and the total labour i.nput, material

- 'i.nmr: for matrmt.mn and thoir comts were recorded.

After completion of oonmuotion. the structure was
'mouutom-,ym 3 months before loading with paddy. Prechly have
vutd puldy belonging to the variety BG 11-11 was given the following
'trumtu befora atoring i the structure,

Y '&ntthmghascnlperclmwtomo smd, stones, chaﬂ’and
'm. '

i1 Sudried ﬂrﬁhurstobringdomthomistm mtmtmw’
48 12.5%

BeYore loading into the structure the paddy was wesight
‘soturately using a platform balance. FPhotographs were taken . during
tholod:lng operation and ‘the labour input for losding, any problems
M during the operation were recorded. The etrgcture was filled
toi/lr!lttummitronlyinordertohavemou;h epaca a% the top
_ for/drawing out samples end for temperature measurements, -

: The paddy wae kept in storags for a peried of six moathe,
th 4his period representative sauples were drawn out every fortnight
hdnzldoubhmgrainpro'beof length 5 ft. The initial and the
taml samples were taken before loading and after unloading the paddy.
The ‘sasples were analysed in the laboratory to deternine the following

_ ae JNoistuwrs oontent i~ This was determined ae soon as the sample
"+ was drema out ueing a tatake moisture meter, -
9e  Tost weight with & without impuritiesi=~ was aot'-mnea in the
; ' Toledo grain balance which has a scaly on whioh ghe bushel
weight inpomdsmbedireotlyreaﬂortbymmugm
pint of paddy.
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Mechenically damagad grains (percent by weight)i= .
A representaiive campls of 50 grams was exMnined vicually,
broken grains and grains with the husk layer partislly or
completely remcved were separpated by hand and weighed using
a gram bdalance,

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

‘ge sample of head rice. Sample was examined vieumlly, imaature

empty & partly filled graine were separated by hand & weighed:

‘uming a gram balance,

Fungal damaged grains (percent by weight):~

4 repreasutative tample of 50 g. of paddy & 50 g. of haad °
rios was ummined visually, graine chowing fungal growth on
the surface & dark spote accompanied with large axtants of

obalkyness were ssparated by hand & weighed neing a gran

" bhalanoe,

Chalky & brittle grains (percent by weight):-

Theos mi.u wers sxamined visvally in 50 g. o head rice
separsted by hand & weighed usinga Mhhnoo.

Madi Orains t=

* These ave gyains which appear dark in colour due to wetting

h.

i.

3o

& subsequant temparcture built up., Thesz grains were ssparated.
vieually in 50 g. of head rice, separated by hani and woighed
using a gram balance. L _

Strees cracked grains (percent by cownt) se -

Graine that show fractures in the bran coats and spdosperm
wore nmtadbyaminingthrough a crack detector in a

" pepresentative mample of 500 grnins. and counted,

Inasct Dengod grains t-
In a small representative sample the inmut dmged graine

" wepe separated from good grains, The nun‘ber and ihe welght

ofhmpdminsmagood.grm:mfmd naparatsly in
order to determine ths folloning

ie Paromntage ineect damaged grains by number
44, The peroontage weight loes due to insect danmge
Sprouted graine g '
Orains that are srrouted were separated in s 50 g. represen~
tative sample ond the percentage calculated,
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k. Milling Quality e
Sample milling was done using 175 g. of paddy. The paddy
wae dehusked uaing a laboratory Satake rubber roll huller.
The brown rice was weighed and given a 4.5% 2 0.5 polish
using a No-gill miller No.1. Willed rice was weighed. (Total
milling yield), This wac next separated into head grain and
broken grain using laboratory grader and weighed separately.
“the total milling yield and the head rioe yield was caloulated
a8 & paroentage of the Paddy while the amount of broken grains
was caloulated as a percentage of the total milled rice, |

L During the storage period of 6 months, temperature of the
min ERE3 was measured svery tortnight using an Electronic thermometer
hawing & temperature probe, at the t6p canter, middle canter, bottom center
and’ pides (6" away from the wall),

_ Throughout the storage period closs abswwgtions were
made on -Termite activity, Rodent activity, and bird sctivity, Records
m kept on the comdition, any repai®s done, on the struoture,

At the end of 6 months in storage the paddy waec unloaded
frqg the struocture and weighed uaing a platfora balance, Ilabour, time
rq;upmt for unloading and any problemd encounted during this opsration
mrg recorded,

The date of loading witk paddy was 14 Septesber 1977. The
dntq of unloading wag 17 ¥March 1978, 7These dates were selected eo that
' thq m:lod of experimentation coincided with north east monsoonal rainge
(m M)t

"’ Apart from tho above etudy the evaluation was also based
on :lpfmtion obtained from farmers in the districts of Anuradhapura and
m.plle, who use the Bissa for storage of paddy. For this purposs s
ficu information sheet was rrepared (amnexure 1) and the farmers were
insgkv:mud by visiting their homes,
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The study findings are presen’ >d under the following headings =
Construction

Ioading and Unloading

Performance of the structure

Strength and Durability of the structure
Cost of storage

Storage of othier grains

Variatione of the structure

~-N OV B N o

1. Construction 3

?!.gs ¢ 243, show the external appearence of the completed structupe
Of sapacity 5 tons, ‘The main stages of construction were ae follows:

A Conetruction of the wooden floor, which 15 raised

above ground by four wooden pillers
.B.  Cenetmiction of the uqd:lm framework of thes oi.rcul_u'

vall !

C Erecting the j vertioal aupperting posts ef the
ciroular 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 ,

P Placing the roof on the structure and covering
with straws,

!'lg. 4 gives the dimensions of the wooden framework of 'hho floor and

tho wall and also the dimensions and the kind of timber used for its

_ésonstruotmn. Fig. 5 shows the wooden framework of the roof, the

w of timber used and dimemsicns, Fig. 6 shows the cross secticn of

the oomplotld. wall and Fiz, 7 iz the elevation of the oompleted struce
shouing ite dimeusions.

‘ llow to
Q hard wood called "Ehela", which has a high resistance to decay and
‘iel'lﬁta attack, was used for the 4 posts which elevaise th: floor above
md level by one foot (Pig, 4). The floor was made of timber posts
?‘t D.5 inches placed horizontally, close to each other, on the 4 legs,
Phe upper surface of which was plastered with mud to & thickmese of 3 ipches,
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The vertical wooden posts (diameter 2 inches) of the ciroular wall were
bent slightly outwarde in the middle and held in this position by three
3ungle crespers (called "Eraminiya Wal") tied firmly to the posts by
coir rops at the middle, bottom and top (F:!.g.4). Due to this the dia-
meter of the wall wae more by 22 inches at the middle thaun at the top
and bottom giving a spherical appearence to the structure, The advane
%2gea of a structure of this shape are :-

. &« Sinoce the vertical reinforgememts are already deflected thore
E will be no further deflection of ihisz to cause cracks in the
¢clay layers, whean a load is imparted on the wail.

" bs  Sihoe the lower part of the wall is of a smaller di‘amtar, thia
area will be lese exposed to direct rdins by the roof than in
- structure heving a larger diametsr in the lower paris,

The advantagee of making the struoture cylindrical and not square is
that for the same cross seotional area the perimeter of & ciroular bin
is very much less than the perimeter of a square bin, Thepefore a
uli.ndrieal struaiure is always cheanepr to construct. Also siace the
htemal Fresgure exerted by the grain maee is wniformly distributed om
the ‘wall, the strength of the wall at all points of the perimeter ocan
bo the same unlike in & square bin where at certain pa:rts of the wall
-g greater pressure is exerted by the grain mss and more reinforcement
is required, wkich means, a ciroular bin is easier to fabricate.

H,\d p'lasteri.ng of the wall and top aurfsoe of the floor wae done twice «!;hg,t
j,. after the 1=t plastering it was allowed to ‘ary and then plastered '
' lgain to £i11 all cracks which have appeared. Finally the inside and
outside of wall and the floor were coated with dissolved cow dung and Ca

;uma to dvy (m.s)

Eoof - .
m diaméter of the Jungle creeper in the roof framework (Fig.5) is
a;.ighﬂy leno than the diameter of the” uwpper edge of the wall so that

' i.t fita into the wall and prevent displacement of the roof. In covering
the roof, bundles of straw were placed overlapping one another, startmg
t;'om the outer diameter and going up to the center. -

" Bipporting pillars s

- The function of the 4 supporting posts (diameter 6") of the oylindrical
w1l (Pig.2) is to prevent the structure from displacement due to loads
tm“‘i by- the grain mase and loads imposed by rain and wind.
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The labour, material inmputs and the cost of comstruction of the
5 ton Bissa is given below te

(a) Material inputs :

~Material : 8ty *Coot

Rs,0ts
Coir rope | 10 1bs 120.00
‘Wooden poste L10' D" (Setin wood) 6 " 210,00
Woodan posts 14' o 4 60,00
(Satin wood or Ehela) :
Wooden posts 18t D5" (Weera) 20 120.00
Wooden posts 18! D2 {Weera) 48 72.00
Wooden sticks L6'. DR"=1"- (Jungle sticks) . 30,00
Jungle Creepers L100' (Eraminiya) _Jo.00

. .. - .
_ Cost of material was caleulated onm the current market prices,

('D) Labowr inputs -

Operation | “labour input  Cost @
‘ : mgn hours ' 1.09/hr

- Slioing tmber,cutting posts,

" drilling holes on the ground ' 32 " 34.88
b, Erecting posts and construction -

. of the floor of 'hl:.e Bissa . 16 11.44

Ge Cutting a-l;:wks and aonstructmg g _
the Trame of the wall - 48 52.32
‘ds ‘fet clay plastering of the wall 32 34.88
s 2nd cla,y plastering of the wall 16 1744
f. Coating the wall with cow dung 8 C 8.72
g. Constructing tue frame of the roof 8 8.72
he Covering the roof with strew : . 4 4236
e 178.76

_' L4 ‘me‘t_otal cost of oonatructipri = 713,00

, From the information obtained from farmers it was found that almost all
of them have obisined the ma.terial required for construction from the
jungles, free of cbargs, and also family labour had been wtilized for

- t‘iﬁais‘tructim. . whioh means, the sbove cost analysis is eubjected to
Wide variation from place to place with the availability and price
paid for labour and material inputs for fabrication.
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2. logling and Unloading 1=

I Both loadirg and unloading was done by lifting the roof from one sid# .
(Fig. 8) so that a cpace of about 2 ft. was created betweer the wall and
thg roof, through which paddy was filled in or takem cut in baskets.
The loading operaticn was performed by two men, while for unloading
three men were reguired, where one had to get inside the structure and
give out ihe paddy.

.ﬁ.'b&_l‘i@ﬁﬂ_- problemr encountered in these operations was that, when
1ifting the .roof it tend to shift from the original position due to
which damage can be caused to the roof structure.

The labour requirement and the cost of loading and unloeding of paddy
in the 5 ton capacity Bissa is given below.

loading operation 1=
labour reguirment to load 1 ton = 2,94 man hours
Cogt of loading/ton (@ Re.1.09/man hour) = Ra. 3.20
* Unloading operation;e
labour requirement to unload 1 ton from=

upper half of the grain maes . = £.,65 man hours
Cost (@ Rs.1+09/man hour.-) - = R5.7.25
I.abo_ur requirement to unload 1 ton from- P
- lower half of the grain mass ‘= Te37 man bours
" Cost (@ Re.1.09/Man hour) o - R6.8.03
The average cost of wnloading per ton " = RS.7.64

Tollowing sdditional information was o__bta:i.n_ad from the farmers, with
rq&ard to loading and wnloading operations,

as« These operations are purformed by utilini.ng family labour,
therefore no cost is inocurred.,

b. loading is done once or {wice a year after the harvesiing
seagons, While wnloading is done svery weok or forinight
because most of the paddy stored in, is used for consumption.
The quadidy taken out at a time wvaries from 1-2 bushels,

Since farmers own much smaller structures, mostly of capa.citigs
below 2 tons, the problem of the difficulty in lifting the
‘roof and also the shifting of the roof while lifting is

not encouniwred,
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Ja _Porformancs of the siructurs :ie

Table 1

months:

8

D

gives quality cﬁa.nges of paddy during the storage period of six '

Woisture migration := The moigture content of the grain has
increased from 12.7% to the equilibrium moicture content of
14.2% during the 1st two weeks of storage and there after
remained alwost uniform except for slight changes, which may be
due to the change in the relative humidity of the atmosphere.
This showa that the structure was completely weather tight evmn
during heavy N.E. monsoonal rains in Anuradiiapuora. Alse since
the floor is raised above ground, there was no possibility of
ground water to come in contact with the paddy. But still tae
moieture omtant of the graj.n throughout the storage periocd vas
above the "Cr:tioal Boisture Content® of paddy (14.2“)1311&:
microorganism and insects are fully activated to bring about

deterioration.

Temperature changss ;= Table 2 gives ithe temperaturs of the
grain mase at verious places during the storage pariod of 6w
aonths, The temperature of the grein mass never weat more than
1-2°C above the ambient temperaturs up to 4 momths of storage,
showing that nmo hot spote to indicate rapid deterioration of
grain were developed. Except during the last 2 months, when the
temperature changes of the grain close to the wall rose by

ahont 400. 'lha reason wam later found out to be dus to wetiing,
followed by i\mgnl invasion of grain close to the wall (about 2"~
from the wall ),_heoause of termite activity and nesting in ihe
wall, F!'om the .relvadingﬁof table 2 ,Sraphs were drawn to show
Yhe changes in the temperature of the grain mass with the ambiant
temperature, (Figl). T™uring the first fifteen days the temperature

- rase rapidly, Tais wis expected because when freshly harvested

grain is stored there is a initial riege in temperature which can
g0 up to even 79_0 above the ambient tampera.turez. - After the
45th day the tempersture ﬂrqmained almost coastant throughout even
though the ambient temperature fluctusted very much showing that
the wall and roof meterial resist heat flow in and out of the

-Structure. 5till, a favowrable average temperature of about 32%

existed in the grain throughout the storage to active the chemical
(respiration), biological {microorsmanisme and insects) variatles
of dete:rioration.

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

for aeration to bring down temperature rises.
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Parity of the Grain:e= The percentage impurties in the grain

-, has remained constant at 0,55 during storage (table 1) wntil

d.

.

f.

D B

the paddy was taken out of the atrnoturé, when the percentage
was increased by 0.2% » This was due to the seraping of the
wall when cellecting paddy and minute clay particals getting
oontammated with paddy,.

Stress cracks in the grains :- After 105 days of storage there

had been a marked increase in the ¢ stress oracked grains (table 1)
this may indioste that with changes in the dmml humidity, these
had been unequa.l moa.sture gradients produced within  the graims
oz-ea.ti.ng & atress uithm the ondosperm for grains to cra.ok3

Mechanically damaged grains 3= Thers was no change in the &
mechanically damaged grains shoawing that, during the loading and
uloading operation and almo during storage, no mechanical damage
was caused to the grains,

Sprouting 3= No aprouting of the grain occured during the
storage period (table 1), Showing that the greins never got
wet; in other worde the moisture content never exnsedad the

mAXImn nosgible equlihrium moiature content of 30-36% to

cause sprquting.4

Ingect Activity := There was a oout:‘.jious ingrezee in the
percentage of insect damaged grains with storage (table 1)

reaching 0.,6% at the end of 6 moriths, The weight loss due to

insect damage wa® 1% after 6 monthe. The extent of damage was
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 chemical pest contrelling pmzstices
may be uneconomical.

If a serious insect infestatidh is encountered, fumigation of
the grain could be done easily. Because by keeping a polythene
sheet in between the roof and the uppser edge of the wall oy
which the roof rests, the atructure ocan be made air tight.

Thwe insecta observed were := Sitoteroga Cerealla (Faddy Store
moth )y, Sitophilas oryzae (Rice Weevil) and Rhizoperiha dominica
{Paddy store 3eetle).

It was found. that some farmers adapt chemical insect conirolling

practices like ppraying malathion on the grain mass or adding

BalleCs 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 negl:lgx‘ble, if clean d.ry paddar is stored in the

structure,

lold'activity t= Thore was only & slight increase in fungal
damaged grains (0.3%) during the 1st 4 months of storage but during
the last T months a marked increase was observed. (table 1).

At the end of six months the inorease was 1.5%. This was due 1o
active mold growtin in the grain close to the wall (1% inches from
the wall), at certain places, whose moisture content went upto .
20% due to termite activity.

- Rodent actwity = No rodent activity or damage wa® observed
' diring the storage peried of cix months. Still the structure

cannot be considered as rodent proof because rets can climb along
the fowmr vertical support posts of the wall,.also along the legs
of the structure and reach the grain through the straw covered
roof. . Some farwers who were interviewed, complained about rodent ’
damage. - They averoome this problen to -some . ea:ﬂnt by keeping
traps inside the stmcture. :

Termite -Acbivitys~ . This was a Berious problem ancéuntered during
the  experiments: Termite damaged the wall by building nests on
the inner surface, The source of infestation wae traced to the
ground;, from where “they have climbed along the wooden legs of the

~rgtrutture and tunneled into the wall., The moisture content of
- the grain in the vicinity of the neets (i~1% inches.from the wall)
" was 20% and the grains were brittle and chalky with white mold

growt}.{ of the surfaces, The extent of damage to the grains due

~to this was about 1% (table 1). ALl the farmers who were inter—

v:.ewed wers aware that the structure is prove to termite attack.

~ They overcome this problen as follows s=

k.

a) A layer of commen salt is sprinkled rownd -r.he posts in contact
with the =oil so that termites cann't reach -them.

b) Keeping the ground olose to -the structire clean and cbserving
congtantly for termite a.ct:.v:.ty in order to destroy any termite
paths built. o

Bird activity t= No bird activity or damage was observed in the
graindm-mg the storage padiod of six months. The structure theree
‘fore can be called as "completely bipd proof™.
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During the first two months after completion of construction when
the straw covering of the roof was s5till 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 prohlem except to rea.rra.nge or
rap].aoe the straw to cover the thinned out areas.

1. Min:mg quality s~ After 56 months in stor.ge, there was a reduction
. .in the total milling yield by 1%. The head rice yield was reduoed
by 11.5% (table 1), This can be expected because of the increase

in the number of sirass cracked gra.ina5.

ms Test weight := From the readinges of table 1, the weight per bushel
st 147 moisture was computed (table 3). At the end of 6 months in
storage there was a loss of 1.8 Ibo, in the Bushel weight,

n. Weight ohanges = Table 4 gives the initlal weirht of the paddy,
the weight after 6 months in storagr and the respective moisture
contents of the grain. There was a apparent increase in weight
of 102.50 1bs, The increase in weight due to the change in moisture
content from 12.74 to 155 is 2.71%, that is 183.3) lbs. Therefere
. theye 'had besn a dry matier loss of 80.83 lbs, or 1.25 after 6=
donths in storage. At the rate of 89 cts/lb of paddy, the loss
incumed by storing 1 ton of paddy for 6 months m],l be about Reu24/=
 which is quite negligible comparsd to the value of a ton of pa.d.dy,
which c¢ome to Rs.1993.60

Sunmarieing the above findings with respect to performancé, 1t i clear

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

the structure can store paddy withrui any significant deteriorative losses
upto a period of six months. {which is the normal storage period requirad
by our fsmers). But since no aeration facilities are provided, storage
of high moisture paddy will rot be possible.

 Froim the information obtained from farmers it was found that suvame keep

paddy even upto 1 year without many noticeable damage.

Strmgth and Durability of the siructure :=

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

After the paddy was unloaded following repairs had to be done to make
the structure suitable for loading with paddy once again.




~{15)~

. Nature of Repair Material labour inputs Material  lLabour Total

inputs man hours cost cogt (@ cost
(RB. ) 1 « 0 m.h '
with nlw atra.u less of
straw
Breaking termit olay soil 8 nil 8,72 8.72

- nests in the wall
& replastaring
-~ with mud

Coating the immer  olay soil 16 nil 17.44 17444
% outer surfacss :
T of the ﬂll with

TOTAL COST 352

e a.hwe cost wonld have reduced by Rs.8.72 if precautmns wera taken
to wevent term.tea from reachmg the structure.

i 'Infomation obtained from farmers revealed that, once a.year the roof
E has-10 be covered with new Straw and replastering with a thin layer of
mud to cover any oracks, which have appeared should be done to keep the
atr\wkure in sound shape. They incur no cost for these repairs becauss
material is o'btuned free of charge at village level and family labour is
" n‘hilised. Accord:mg to them & "Bissa"if meintained properl;r will last for

‘over fifty years.

The 'loada imposed by pa.cldy on the wall and floor of & 5 4on capacity Bisea
 is a.p follows. _ : :
A) Ln.tera.l pressure imposed on the wall
L gamptao;;s =~ @+ Angle of Repose of Paddy = pf 36°
R b. Specific weight of paddy = (w) = 36°
c. Strycture is loaded to full capacity
lying Rankinefs Equatian .

L 1-.3111
_ “14Sin )
Vhere - L Lateral pressure (Force/unit area)

W = Grain specific weight (h‘eight_/unit volume)

# = Anzle of Repose of paddy
h = ]Jepth of grain (ft. s
The pressure at anypoint on the center perimeter
= 35,96 lbs/aq.ft.

The pressure at any point on the bottom perime tor

= 71293 1bs/uq.ft.
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B) The vertical load imposed on the wall due to frictional force of
Paddy.
Assumptions . = &+ Grain to bin wall ereoction coefficient = 500
' b The structure is filled to full capacity
Applying equation ' '

E, =L tang
Where - F_ = Vertical wall losd/wnit of perimeter
o L = Jateral pressure on the wall

(Force/unit area)

£ = Crain to bin wall friction coefficient
The vertical load at any point on the center periwmeter: .

= 42,79 lbs/sq.ft
The vertical load at any point on.the bottom perimeter:

« 84,49 Ibs/sq.ft.
,

C} Load imposed on the floor. _
Assumption = ae Structure filled to full capacity
B  Specifin weisui of rmddr = 38 Tha/on.th

v = Wh
Hhere' ) ' v & Flnar had (f.;n -'njtmit__slaﬂnn_l
1 ' W = Specific weight of-paddy,

h = depth of grein .

ihe load per unit area on the floor :

| = 266.4 1b [sq.ft
3 Ggét of Starg.gg_ :

Giﬁm below is the cost Anéij‘sié for storage of 1 ton of paddy for one
year in a "Bissa", |
a)- Fixiad-‘cost_s Fi .
(i) = Costruction(page 9 )
Material cost = 535/5 = Re.107/=
Labour cost = 178.76/5 = Rs. 35.75
(is) Depreciation (life span of the structure—
20 years) : = 107.00/20= Ree 535

(1i3) Total fixed cost/ton/ammum = Rs.148,10
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‘b) ?aria:blé coste: ) ; -
{1) Maintenance cost (page15) K = 25._80/5 = Rs. 5,16
(i1) Cost of loading (page10) = Re, 3,20
(i11) Umloading cost (page10) = Rss T.64

(iv) Total variable cost/ton/annum Re. 16,00

Gost of Btorage/ton of paddy/annum = Re. 164.00

' (R Rs. 3.28 per buahol).
As nentioned earlier (page 9) above ocost analysis is subjected to wide
va.ria.t:.ons with the b:milahihty snd price myed for labour and material
inputs '

%

Stomge of other pams s

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

equally well as paddy.

Z. Veristions of the Biructurs ¥ - |
. B:l.m 'belott are some variations of the structure, frem the commen type,
found in Sri lanka.

(1) - Stone posts are used instead of wooden posts to raise the
structure. These may be more durable than timbér which is
suseptible to decay and termite damage. But in some areas, it
may be d:fncult to obtain stone posts of the required dimensions.

(34) The wall is construsted by weaving olosely a kind of jungle
| creeper called "Alukads Hal' of diameter 4" and plastering the
. inside of the wall only with a thin layer of cowdung, or inside
with cowdung and outside upto half the height of the wall with
clay. ' '
With the clearing of the old jungles it is now difficult to
-obtain these creeperw, Therefore this iype of structure is not
built anymore. . According to farmers thede creepers resist
s termite atta,ek, decay and last for over 50 yemrs,

{1ii} Roof is covered with cadjan inptead of ctraw. In areas where

) cajan is freeiy available (e.g. coconut triangle of ori lanka)
this could be adapted because cajan is equally good as straw,
if not better, sgainst weather factors
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(iv) 1Instead ot aking the roof circular, it is constructed as shoun
in Mig. 9 . Adwantages of a roof of this shape may be :
a. loading an unloading is done through the space between roof .
and the wall, vhich is eawmier than having to 1ift ihe roof.
"b‘. '1\;:_'_5. certain extent there i aeration of the grain beoczuse
' fresh air circulates on the surfmce of the main Dacs:
. F‘éequs;it inupeotion of the grain becomes easy.

The disa.dvmtages which may arise are :

1. ‘The grain is more exposed to ratg,’ birds, insects, which bring
about damage o the grain.

be. 'The g.fa.in ié more exposed to the'lmvironmental temperature and
humidity .changes. " ' .

C. - dmall droplets of water carried by wind dmring hea.vy rains may
wet the grain.

- Qe -Stealing of paddy from the structure beccmes ea..ay.

(v) Instead of lifting the whole roof for loading and unloading
operations, a ssction of the roof which is on hinges is lifted,
area.t:l.ng 2 space enough for & man to #et in easily through which
F“Hv is pu.t in or taken outs Fig.10 ¢lviée MWs wlolsu Framy wesk
of this kind of roofs Comparitig ‘uth the commen. iype this has
th. fnl 'Ina'i.nz afvantaren ' :
a. Loading and unloading operatmns could be performed easily
and com:miently.

b. lio displacement of the mof cu.uamg damage to 'l'.he roof
structure will oceur dur:a.ng 'I:hia operation

c.‘ Mnme conaumed for londmg and v.nload.mg opera.tions will be
_reduced,

(vi) F‘ig. 11 ahowa a Bissa. in Afrios. Mo information -could be
| ' o'bta.med reg:u-dmg it's construction, operation and performance.
Pro'ha.'hly loading is done through the opening found on upper |
part of the wall, One disadvange of having an opening of this
nature iB that, wnless strict Becur:.ty measures are taken paddy
ould be pilfered.
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DMPROVEMENTS SUGGELTED

" Construction 1= If timber is costly and diffioult to obtain, it

may de possible to canstruct a solid brick floor rising from the ground
inetead of the wooden platform. If so, cement will have to be used

a8 the binding meterial for bricks in order to resist-' damage by direct
rams hitting the' floor area, Irains may have to be cut around the
structure *o prevent run off water coming in contact with the floor and
there by damaging it. Alec » sheet of palythens will have to be

' Bnnd‘witched in the flobr structure in order to prevent the £loor getting
moict due to -oepoge water from the ground. But with a floor of this
na_itm“e,i following problems may arise a) making the Structure rode:t
proof and ter:ite proof will be mors difficult $han in a structure which
ig raised on pillers, b) obtaining polythene Lheet, cement ete,, will
be difficult at farm level, Further studies will have to be carried

- out to overcome these problems,

There is also a possibility of" makmg a cylmdrica.l m.ll us:mg bricks
inotoad of the wooden frame structure, if 'h.mbar iz a Buarce and expensive
:.tem. For this a 20lid brick floor will be needed. Further studies

wall have to be carried out in order to determine the utrength of the
structm and cost benifits.

g' ading and Unload ling 1= Liftir;g the roof, to perform these operations
is: one. of the m;or defecta of the sturcture. This could be overcome by
con"tructmg a roof, where a section of it only could be lifted and
unloa.dmg otmld be done Fig. 10. ‘The desirm a.nd operation is very easy
agxd materinl for scustruction is available at farm level, This las
‘oeen discussed in detail, esrlizr {Mge 18), another posé_j,bili’éy ie

fb ‘have a small opening (diameter 1 i-‘t) a;tld a chute with a sliding door
made out of met.l conctructed in the lower part of the wali, through
whioh paddy could be faken out. But fo con. truct 'thm, obtaining metal
sheet and welding material will be difficvit, ad fers level and also
the technieal dmow how is not available atl faorm level, Further more,
u.ples.. it is huilt otrong incuring o high exyenditure, any person can
break open the door and steal the paddy.




-(20)-

3) Performance :-

a)

b)

4 maJo:r limitation of the structure is that, it has no aeration -
facilities. Therefore the paddy stored in have %o be well drmd.

" if deterioration has to be prevented. Further studles ha.ve to

be carried out to design a cheap aeration device uaing locally
svailable material.

The structure is prone to termite attask., This could be avoided
br painting the posis riming from the ground with "INTOX 8" or

any other chemical used to conirol termites, In addition, by
adding common salt round the posts and by regular o‘naerwa.tmn to
break any termte paths, this problem could be comp;gtely ovarcome,

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

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

and the 4 legs of the structure. Ry raising the structure 2 -~ 2% ft.
off the ground and fixing rat baffles (taft guards) Figs:12,13,14

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

make the structure completely rodent proof.




-(21)=

CONCLUSION

In improv;ng fartn luvel a*nrngt, it ie aluays better to
:unmm “and popularise the already existing permmnent
utorage structures, whioch can be fabricated from material
easnly available at farm level at a low cost and also

whose design and operation is known by our farmers, than -
introdﬁcing = aénﬂstrubtufe; In this conteyt, the Bissa,
with slight modifications, is an ideal structure for farm
level storage because pf'the followigg reacons,

1. Zaay to fabricate, materiazl for fahricaticn awscilable
at tarm level. ’

2« Design and operational know how is awailable at farm
level, '

3. With pﬁecautions taken againot termite and rodent
damage, it stores proﬁerly dried paddy without any
significant quality deterieration for .8 period of
over six months (which iz the normal period regquired
by our farmers to store paddy from one season of
cultivation to the other), |

4. Strong and durable. If properly main$ained lasts
for over 25 yaaors.

Be Horkable under all eonditions.

€, With slight modification loadins and unloading beoome
easy. .

" T« lLow cost of storage,
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Table 2 - Temparature changes in the grain during storage.

Period of | Ambiant Mepperature of the Crain (°C)
P Msf tgmpert‘hn'o . _ - . ' , -
| (aayal. | () | Top Camter | Dotton Center |  midale Center|Sides 67
: o - frém W
3 0 a0 ] 310 me | 3o | 3e
15 31.2 32,1 31.6 320 3.9
0 31,0 33.0 33.2 | 33.5 33.0 ;
I © 3140 33.5 3.5, 335 33.9
60 30,0 3141 3045 28 | 322
] o | 36 22 36 528 F 242
90 . 29.6 { 314 31‘.1 - 32,8 1 3‘-5‘- *
105 30.1 32,0 32.2 325 34.1
| o . ' | | .
120 |.. 3.1 5T 333 31.7 35.3
; - . . ‘
! : .
135 31,1 3.t 32,2 3T 35.6
L 150 Mt F 31 32.2 a7 | 34
165 315 .7 32,9 32,0 35.6
’ t.
180 31.3 31.5 33.0 32,0 35.5 -’




Table } = (honge in Bushel weight with time of storage

1 storay

V- Pertoaor § o | 15
(days): -

P

60

5.1 90 *105

120

135

150 | 165 180

Buchel wt. 46.0 45.?
without
impurities
at 14%
moisture
(10s)

45.1

45.1

45.1 | 45.0 { 45

o1

145.0

45.2 | 44.2 | 43.9

Table 4 ~ Change in weight of paddy with the period of stepage

L
i

ét;ragﬁ peried - Weight -
(days) . {1k=)

0o 616525

*

180 G6E6T.T5

e

~r

-

Moisture content

* Veighy of the camples drawn out were added to the final wt.
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