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Setection of a fvage storage faciliny requires the producer to comider many facters, Harrann
and Framsen (1991} state, "The dewision on the type of sovage syster for snsiled forage should
b bused on several frctors. Thess Inelude: (1) type of silage, (23 herd sixe. (3} svailable babor,
(43 capial investiment, (5) access w eguipmuny service, {9 feading mrnagemeny and (0
Hewibility for futary nweds.” Uthir ftoes which should be consideredd when the broader topie
of forages are ncluded we (17 somaal coms, {0 storag ae Glling management, {3 marketing
forage, and (4} maintaining hbigh quatiiy feod. Inoressed velinnce on purchused forapes and
ration balancing for high milk production has beightened awareness to the value of forage
quadity. “"Hay s just hav" 15 ne loager inee. Dedrvmen ar W% ing 1o pay @ price for hay whick
s compensurate with iis value for maintaining the levels of milk produstion necessary for high
profits. Since the purchase of velwtively expensies food ingrodivms is needed when forags
freding value is reduced, the awareness of the valee of high nuality is also heighened. The
purchase of exirs feed supplemenss andfor te loss of milk produstion due to redaved forsge
guality offer 2 coat component fir seamparison with the incrzased costs for capiial wnd lahor
which muy be nesded 1o maimain feed guality. Once & forage harvest and storage svstem has
been deiaded upon, the additionsl costs reguirad to malniain and manage the system sceording
to recommanded practices are usually rewarded with high pavback in the form of reduced dey
syatier (M) loss and maintained feed quality. For example, Bodsen gt ul, (1993) showed 3 30%
higher DV foss in the top 3 feet of 2 bunker silo when mt covered sompared o when it wag
covered with weighted plastic film. Ruppel (1997} equates the top 3 feer of uncovered silage
s a by silage cover and states the "silage cover i3 nearly 20 times more expensive than the
plastic silp cover” When the cost of dres and labor to apply the cover are included. the ratio

is reduced, Using 0005 man he/B7 cover and unsover fabor, 2 40 X 1007 banker surface,
$O.0254° plastic cost, $100r labor, $U i cost, SEHTDIM forage value, the oost to sover the
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gunker is 3300 {5100 plastic $I00 labors. The silage DM value saved by covering beeomes
L1142, Thus the ratio of silage caved to the total cost of covering i this ase s Tl Row
and Muzk (19¥33 found a simitur st o be B to b i s sl 4 very high return on jabor st
plastic £0st. “Thus the value of following recommended practices with an sxisting sysem of
SOTRES 15 aupported. What about the caxe where & producsr i congidering nvestnent 1 A New
sorage system? bany anudfies have been conducted with the ohjective of determining the most
eponomic fomge SWHEE and handling systern. Rot ansd Muck {1993}, Rz ot al. (198%), and
Rotz and Hasrigan {1997 have used DAFORYM. » sompterized simmilation mode! o analyze
the costs of harvest, SWOTAEE andd fead delivery for variety of forage handling systems, The
el requires an scopunting for all of the costs ssaociated with these autivitis, This highlighis
the importane of bow sach of the cast camponents copinbutes 1o the total High coss of torage
produstion and fepding. 10 mOsT SN, these models presume good rpanagement, and the
regultant £ost COMpArisons Ae valid when goesd munagement 1§ practived on & farm. Thaiga
progducer considering several forage rosnageant §ysiem rermative investments should perform
s simitar anaboas of the syam capital Hregsttnents ad well as snmmal costs basesd un the
managernans 16 be sractived for euch system. For example, if a busker silo sorage ia being
considerad and the sdreaded practicn of eovering with plastic and sires will 10t b performed, that
disonaicd be Sxotorad int e anadveis, Homas (1998 comparad the costa of 2 variety of hay silage
STOTQEEs BYRL i TANER of vehemes swred. Figures baml 2 show the snnusl and total Sosts pet
TN stoved for v of thase volumes. in Pigure 3, the DM loss fur bunker sitos 15 changed
feovmy 1306 {eneetinm aanagermenty o 1% {ry covering b, and the Tyed nsa for piles 19 increased
Sy 1% 1 23%.

The cost of the busker st sHrEgs increases fom 332,44 TDMwyr o €35 A% TOavr as shown
i Figare 30 13 apparent fom this pepe of analysis thit & Syste wiewed as fower i initial cost
(BTETDM stored in pnkerst i 0ot lower i anaual oSt compared o the higher inipial wost of
srave rower Sios R ITIM storedy at the 3071 TN siorecdesize, Thus decisions about the
wvpe of storagR 10 sedect should be bossd on sarned ooty o 39 the svstem wilh b operated
sl not fust on capital Lnvestmens onsls of somenne 2les's ariyks which often presunss goad
s excelleont management

Buskruasier {19930} and Suckomaster {1993 have dweetoped a spreadshuet ehich war b uaeid
1 analyre the costs and menefits of rownd hay bale staruge Ahternatives. Omeeuse and reusubbe
plastio covenngs as well as in-harn slwage Wi conuidered, The wlded oosta ranged fom
shoue $10 o $2270n hay compared 1o suiside ancovered stovage, b thi Benefion Dver COsR
ranged fom $7.60 w© $10.60/ton hay, Thus the added sl brnefits of proteting hay fron
the westher outweligh the syl costs significanly.

Tn addition 1o vaphal and srmuat costs of forage handling el storage, other Gactons mast be
corsidered, Ramd forage hapvesting capachly 1 an eifective methud of preserding forage
quatizy, Raducud exposurs o vk s Giretiness of hay culming based on sty b helped
1 improve the quatity af bay on many farms. Reduved alfalfy teal loss ard £RED EXPRISUNT,
combinnd with TMR feeding, nave resulted in a switeh from dry hay 10 silnge. Ragid silo filing
redupes the period silage i pxposed 1o sir, which pduces nsd iesses during the filling rhase,
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Rapid forage harvest and delivery to storsge roqoires o corresponsting rapid vate of sturage
filling. A produser selecting to use a self-propelied forage harvester may see & doubling of
forage delivery rae {Table 1) compared 1o 3 largs pulb-belvind barvester, providesd tansportation
is alsn increased. This will require high capacity bluowers and harper tracters at the towsr silo,
larger and perhaps more push-up/packing wanwors at the bunker sifo, and a self-feeding gy and
high capucity bagging machine,

TABLE 1. Porage harvester capaoity {Shinmers, 1998

Caparity {tons as fod per bour)

Forage Harvester Type

ﬁag {orn
Bull, 30 HP 23 S5
Selfpropeibed, 400 HP S8 128

The desire o improve feed guality drives the need to have vapid hareest and sito Glling. Az hed
sive increases, the quantity of forage harvested slso inorpases. Mowever, the window of harvest
opportunity remains the same. Thus another reason o nerease the haresst vate on many farms
te alse foreed by gn increase in hwrd size. Any beathmecks in the hapvest/delivery systum will
cavse oost ingreases due 1o equippnent downtime andior forage quabity losses. Soow oustom
sperstors using high capacity harvesting equipmuun offer a complete serviee of harvesting
through silo filing. With wn adequate complument of equipment and labor foree, bottlenerhs
foound con ey Tarms can be elinunsed, and rapht harvesvdelivery can be scoomplished, Thig
service will reguire a higher out-ofpocket cost 1o the producer but swill be covered by the
preservation of feed quality, This will pay dividends wheg fod tnoo well-balanved Sietio the
herd by maximizing productiviny while keeplag purvhased feed costs to 2 minumun,

Labor vost and svailalalisy must be considered when selecting 2 foed asdhing and stvagy
systern, When forage harvest, traspont and storage Blling must be performed simulianeousty,

individual workers commit thely fzbor thme dmultanecusly,  An sxampde of this s silage
making. When the forage can be stored for 8 time bevesen tagks, ong worker may do eacd task
ssqusstially, thus reducing the mumber of workers requined at one time. An example of this i

Jarge package hay making. Tuble 2 indivates the nuininun nuraber of workers which must be

TABLE 3 Mininsum mumber of workers needed 1o hareestistore forage.®

Task
Rtorage Type Hurvest Transpart Fill Storage  Total Simultaneonsly
Waorkers a Stmultansously
Runker/Pile i P | 3
TowerBag H 374 154 2
BaleBalage 142 144 144 i

*High harvest rates andéor forsg transport distances may Inerease these values,
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available at one time. Nmadler prodocers withean acoess 1o & labor foroe or anwilling 1o find and
manage » larger labor fore may elect 1o usy o forage handling sysiem which wses fewer
workers. Some smalter producers bave found it heneficial to hire vustom opermiors 1o perform
the harvestidelivery process s as to svord fnding, hiring and managing o labor foree during the
shoet harvest windews, Equipment and labor issnes become the custom opersior's responsibility
while the producer needs 10 deal with only one prrson.

Fesding Managoment

Nutritiuaist balance ratons based on animal prstuctivity, feed svatlabilisy and feed tngrediem
cost, Producers deliver feed to the herd based cnn the balanced mation when the feed componenta
specified i the ration are avatlable, Canle produce s expocted lovels shen they consistenly
receive adequate quantities of a halanced ratinn. When the ration changes (either by design oy
secidenty, antreads et adap 10 the change and prostesivity can suffer, When the change is
rapid and of a large magnimude Gugh guality o dow qualiny forage with added grain supplement
o halance the rabon), the smmal performancs reduction can be signifivant. Conseguenihe,
sudden changes of large magnitade should be avnided. Forage stovage selection and sixing s
play a part in allowing 2 producer W avold awblen and lrpemumitude dhunges in ration.
Forsge storage Tantors whinh contribute to sudden changes iy forape quatity inclode

i1y Depleting forage stores hefiry the new crop is harvexed andior fermentad,

(2} Forsges of differens type tr quality stored in the s anit with sequential unloading fe.g.
corn sitage belore hay silage. quality hay silage befors rajnedon havt Abrupt changes
wendid Depreaily oconr i jeewer siles, bay silos, et

Same forages of dfferom modstues contents stored i the some it with seguential
umioading.
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o

Slanagement practioes have been used to warn of Impending forage quality changs so a new
balunced ration can be adopted as soon as possibde following the beginning of feed oot of the
differens forage. Forage analvais at the tme of fling allows for an extivwie of forage gualiey
before zach is encountersd, A measuesment of the length of sack guality of forags in storags
can wentify whire g transtion will coour. In toseer sihoy where the boundary between gualities
muy move with senling., cudored plaste srips can maek the boundary. Tt mighe be advisaide o
fave differen oolor plastic stripe placed 2 foot befry the boundary 0 give an sarly warming of
inpending vhange, Thess practives help 1o reduce the uncertainiy about when the change will
eocur, which allows the operatir 1o change the ration a3 close I time 5 possible m when it is
needed. This will reduce the effect of the changs on animals a5 soon g5 pessible. However, the
effect of the change cannot be provinted by these practives. The effect is eliminaed or
minimized when the change s avoided or managed 1o ccour in 3 praduad manner. Graduad
change cecurs nanrslly in bunker/pile sifos if they wee f8ed by the progressive weshze method
and emptied with a vertical feed-out face. Each day of feedoout rosults in maore of the mew
forage and proportionately less of the former furage. The time 1o move thrnugh the tansiton
depends un the filling stope, silage helght amd feedoout rate. With a silags height of 18 foet, a
457 filing slope and » S-tach fack removal rate, the tansition will ke 20 davs, while s filling
angle of 307 will require sbout 35 davs to work through the transition.
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Anpther way 5 avold sudden change is 1o More fearages of different quality in separate SHorages.
Puw ar more storages, sach of smaller size than one largs storage, adlow furages of Hke guality
ts be stored In sach. A2 2 producer anticipates 8 quatity change {i.e., sils o bevome empty) Jess
can be fed from the fivs while more s gradually removed from the secundd, producing a more
gradual trassition to the mew feed. Through this e, adequats removal rates must be
achiieved from each storage surfece 1o sssure minimal DM loss during feed-out,

Storages that lend themselves 1o this kind of management are stlo bags, silage bales and haled
hay. Denerally, the discrete nature of these storages make this process reasonable movost and
manageable. Characteristics of siluge can be written an each bag, amd transition zones wan be
macked on the bag as well. Simibar markings can he made on bales wrapped in wihite plastic,
Lrey bades of different quality should be stored in separate areas and 4 siorage map deseloped.
Markers can be wed 1o distinnash bales of differem padity. Bale sterage should be organized
so forages of different quality wre sccessible without having to move sther bales. Selecting taw
ey sitos instead of one increases thy initial nvestment and vapital cost per ton, Two 9-foot
fong bunker silos may be less expensive thas ong 33 1 50 frer fong when the commeon walls ars
iaded froms both sides. There may be 2 slighthy higher sapial cost for two stlage piles vy ooe.

Storing feeds by quality and recording quantity of eavls s also wseful fram g fesd ORI
perspestive. A the end of the hareest seasen, one can sstimate gty and guehty of fred
wihieh may nesd 10 be purchased and establish when the purchased fesd will be needed, With
ssleguate storage capacity or offvsite siorage, purchased fred can he ohtined when PRICES are
most favorable vg when it must be purchased at surrses markes prices wewand the end of the
stored foed season.

Another ares that has an impact on maintaining hgh qualiny feed throughoot the stoved ford
feeding season i the gradual loss of forage dry matter with time. Incressing amouns of
purchased feed ingredients must be used o compensate for these oases. The losses are
influenced by exposure of the forage t oxvgen, rain and fugher tempssature. The longer the
sxpusure, the larger the osses for the remaining silage. Almospheric empersige sannot he
comrolied. Therefore, management of the storage s il tut is within an SpETRtE S oomral,
Temperatures below 40°F Himit microbial getivity, Abeve this emperature, the cpErator nesds
t exercise special caution when wilvading and presenting feed to cattle. Microtial heating of
sulage var cause appreciabie DM foss @ the feed-off face. Rapid face removal {more than 6
ndday for bunkers, piles and bags and more thar 4 indday for tower siles] helps 1w keep ahead
of sifage spoilage crgantoms in warm wiather, Some people will design storagys with smudlier
wnboading faee areas for forspe wiich is fed in summer. Far g given amount of feed, the
rernoval rate (nddayy will be higher for the small feed-of fage, The penetration of oxygen,
which supperts asrobie microbial sctivity at the feed-off faoe, is influenced by the silage density
as the face. This density is maximized through the packing process ot filling and can be reduced
by the fred removal provess. Packing in a towes sile is avcomplished by gravity, Maximum
density is achieved at the bottom and minimum density is a1 the op. Banker siloa, bags and
piles rely on pecking equipment to make the silage demse. Link change in density dos to height
i found in well-pavked storages of these types. This is ane reason whty it i hmportant o
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smarwge for high density during the Slling process. Using an effecties distributer in g tower silo
can invrease silo cepacity by as much a3 “3HP% shove presently accepted valoes and 20 % ahaose
g conunendy scoemed passive divtributer” (Larsery, 1986). Adiusting the machine fivr masimmum
demsity iz importas for o hags. Bunkers and piles must be filled in thin lovers (ess than 8
inches befurs parking) and packed sith a heavy tsctor wo achieve high density, ilage of 6‘5w
G moisture chopped o 3 &dnch theoretical length of sut {TLEOY s easiest 1o pack w hig
denwity. Feeding comsiderations may reguire longer fhery thay is produced by V8- ingh “?Ltw
Estra pecking teme ansbor welght may be veguired jo obtain the desiesd 14 [hs DM density
in g bunber or pile. Rage piles are often constrocied by pushing stlage up the Hlling surfacs
with {ittle to no sidewall packing. The sicepness of thess walls gzmcimfm their safe packing.
Producers should vonsiler sonstructing piles with side slopes of 3 horizomal units for sach
sertieal urdt {showt 18°%) These shallow side 32@;‘»@‘3 are aafely manewverable, whick alloes
packing inoreo divectinns and throughow the whode rorface while filling. Shaliow slopes also
allosw srdegnate weighting of the plastic sover,

A smonth, tghe feedyowg face helps exclude oxvgen fom the silsge. thus promoting silage
stabilive. Boguipmest and pracnices whach promuote the dght, sowmoth feedenut face should be
usid, Where bunders/ptles are saide enough. an undowding tractor van shear off & shice of silage
by forcing the side of the hooket through the silage a8 the wactor drives from one side of the
storage 10 the other O narrowsr bunkers'piles, seraping the ahet edye down the faee
dislodges feod withouwt major surface disruption. Thin bvers wre distodged wish this provess
which often frustyates the wactor operator. Ruppel {19971 suggests o msthod of fwe remunvad
where a seeap of slage s removed from the bottom of the fsce. Sulweguenty, the edge of the
tucket is uxed to “chip down oo setlion a & tme” seguenniaily o the caviyy formed by first
wemeved silage. Ruppel claims this provedore "has been sucopasfuliv ueed by many farmers.”

Mo storage v T effevinve at exchuding ovrgen froan panetrating 1 sides, Comorets 16 porous
to air mevement through the material ar well av theeugh cravks and joints. Biloe doors are
porous, sepeniaiiy at the edges. Plastic sheets are pornus throughns and are very pervisns 1w
alr movenwt at mn holes, larger ndes, oints and where 11 joms burker walls and the ground.
Diense packing of the silage belps to hmit the sprrad of oxygen suge it has penstrated the
exterior surtare burriers, but it s very imporiant lo muainaim the integrity of the exterior wrface
barrigr. Mulbtiple wraps of plastiy provide 3 good barrier for bale silage. The muliple wiaps
seal the joints and help reduce pin hedes from firming ax the interior plastc contants the hay.
Towser and bunker st walls oeed cracks flled on 3 regular basis. Tower silo doors shoubd be
seaded as the Joors are instalied prior 1o fling the stlo. Plastic covers ard bags should be
chesked at Doweek intervads and boles patched, Plastio sovers should be sealed well ut the edges
s prevent exygen and water rom enterdng the stlage. Whers the plastie meets the ground or
finor of the storage, covering the plastie with sedl, sandbags or other heavy, aniform seighting
myaterial can do 8 good job of scaling the edges as long 3¢ waey can drairs away from the sdge.
The sides of burdar sile wally pose o wove Biffoult sealing problem. The wall sos as 2 barmier
t waley dratning over the side of the wall, and the silage settles some with time, thus causing
th surface to move down the wall This maﬁms i diffienlt o affin the plastic o the wall w
obtain 1 waterprend seal. Sloping the stlage oway from the wall can create g drainage channel
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on the silage surface which is then sealed with plastie, 1f no holes form in the plastis botiom
of the drainage chanmel, water will not enter the silage. Some have wied w0 line the botinm of
the drainage channel with serap plastie sheets befors the bigger cover is applied. Muargingd
cucosss has been achieved with this method, expecially when linited end to end slope 1 put e
the drainage channel.

Rizing Storages

Several favtors discussed earlier influence the procedure for sizng forage wovages. Silags
sterages should meet the following eriteriac

T Mindmise loss dhring stovage peried.

2. Minimize o during Reedenut,

3. Allow for feed nventory.

4. adlow for gradual tansition betwesn feeds.

5 Conun e feed barvested or purchased for the desired storage pertod,

The first oriterion s met by providing s much surface ares of low dxygen permealbile materiad
as possible per iy volume stored. In thy case of ke and tower silos, larger connrete wakis
and smaller top surface aveas are preferrad. Larger bags and silape bales have a lowsr surface
areq to volume ratie than de smaller unit, Dry hay hales protecisd from ratn angd ground
moleture minimize losses during the storage period (Table 73 Here motshure s the Bmang
frotor for micrabial acthvity. Mintmizing loss during fesd-outaa funetion of lniting mecrotual
activity at the feeding fave of sitages and feed hamdbing svatems. Dnly the amount of feed used
in one fending should be removed from the sile. Bxcess feed rnoved fom the silo is exposed
s mnre air, and serobic microbial sctivity will decrease ita qualiyy. Spilied foxd shoutd be
cleaned up ami used a5 quickly as possibly or i will heovome lost fesd. The silo should be
designed for an adequate removal i with some pushion added to allow seme Bexibiliy w
rpdupe the feed-out rate as needed and sull be sbove the minimum feed-out rae,

I the storage i sized based on average densaty, fred needed, face romoval rate, ressonable I
loss, and storage period, the storage will automatically be large encugh to contaln the guantity
of that feed nreded for the hend, When more feed Is produced than is needed. the storage will
be inadequate to contdn the sxvess, Some aciditional storage capecity can be obtained in
unkers and piles by adding some forage 0 the sop. {iher tvpes of storages will have to be
comstracted harger 1 hendle an overfiow or anether overflow siorags eouid by used (e, bags
as erverflow whes towers are the main stlel

Bunker %y Stzing

Rondman and Hodmes {1973 proposed & mathod of sizing bunker and trench sles, Thelr method
assumes vertical end faces so the wall hogth is cudeulated by this system with the walis
nrojesting part way along the end wedges of silage. The other portion of the wedge projeats
omto she pads on gach end of the sworage. The sizing provesdurs they recommend fullows thess
steps.



Lo Establish the herd dudly feed need for the trpe and quality of foed adiusted up using the
following equatinn

Amount sfailage to meet daily silage fosd ({be 203 Shavd ~dayy »

roral DM insake {fhe therd ~day)
o~ 86 srorags doss F160

2 Assume a face removal rate,
A Asswme g silage or wall height
4 Lalenlate the ailo width using this squation;
o daily sifoge need (Ths DA idavt % 17 tin A
Bunker wideh (ty = Sobac bt 3 4 S AR
removel rate U fdawy « dengisy [2hs DA Y 5 weali height (7}
H bunker widhh is Juea than 16 feer. rotum 10 3. shove and e # shuorter wall heigha,
5o Assume a storage period measured in dava,
6. Uslculmte the silo length wsing this SxpuRtion:

| fune removal vate {in idayy x tarage seriod {days)
F2iim iy

Kifo dength {6

Hostlo lengeh Is groater than 130 feet, nenider using multiple shorter bunker silos,

Bodman and Holmes (1997) proposed a depsity of 14 Ibs DM a8 8395 molsiurs, Table 3
shenws a Hist oof densities ebuained frem research and extension surees. The mnge of dengtics
s very wid, mdicating has managemens and the material being packed Ix quite variable, When
stzing & sworage before 2 person has exparienve with a neker silo, the wse of 14 thy DMEY 5
3 reavonatde value, When 2 persen has » bunker snd is imterested in establizhing how dense the
silage has been parked, Bodmar and Hulmss {1997} suggested marking the bunker wall at the
begineing of 8 removal period. S the welght of material placed in the TMR mixer over g
period of about s week, Measure silage DM content, Measure the volume of materia] rempved
durtng that week. Caloubate the density using this eguation:

wiight remaved (Wb 1Y o DA (55) 7100 (%)
aver. width (1} X gver, height (7 # fengih removed {1

Densizy Yba D8 Y =

e




TABLE 3. Silage DM denuity in bunker stio.

Average  MinsMax.  Standard L b
Crop Drensity Bresaity Deviation ’ Runkers Refurente : :
(e DRURSY (be DAMARTY (ke DAMIRY
A Huifs 145 $.3 438 25 Buppel {1801 Table 2
333
Harley 146 12.% §.53 1X Drarby and bufries { 1993}
£7.2
Grass Alfalfs it 10 336 % Darby and Jofriet {1993}
211
Jirass Packed 187 i Rosma ot 2l Qunduted)
Measily
rrass Packed B i Beama ot al. {undated)
Lightly
Corn 17 Hodrer (1983
Alfslfs i1.8 Rowe ot al {1989}
£om 148 Isher vt sl {ondaed)
Adfuifa 118 {aher ot al Gosdatedd
Fuorage HESS Alberta Agricultire
t4.8* {IRESY
Forage il Cromwseil egal {1989
Alfaifa 4.8 & & &7 huck and Holmes {1995
Lom 14.3 TE §1 uek wnd Holmes (1898
AR
Aluits {6 5% § Shinmers ot all {19843
Alfalfs TR gees H Shinners o #l. {1984}
Forage LR Biokert sl {1887}

* Density increasing with height, & w 16-font depth.
¢ ke dnch TEL

#&% 1inch TR,

Tower Sile Sazing

Teaver silo sizing uses 2 shmiler provedure with at lesst 4 in/day removed from the most dense
raterial (hottorm), Sincs density varies with depth {pimaily the top half of the silo}, mwee than
4 indday in depth will be removed from the top portions for a given quantity wmeved sach day.

The weaer sixing process is as follows:
1. The equation used in step 1 wbove van be used for tower silos, but the % DM loss 38
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5R%

prohatdy lower for a tower than for 2 ke gl

I the silo will be greater than 40 feet tall, assurve the density in the base of the stlo will
be abou 21 ths DAY
Caloulme the digmeter needed as

datly D& nevded (fby idayy » 12 ift x &
334 % DV DM AT < 4 (in ‘dayy

5 3 feet, resdo the solution for 0 with o removal rate greassr than 4 infday undess o
sito unioader s avaiabie 1o handie silos of greater disnwter

Round £ down to the nest oven mumber,

Axsunw a storage pariod muasured n davs,

Catculate the nxal quantity peeded 1o sore using this squaton

@ Uby DAY = duatly D3 needed {ibs DM Sdayy ~ storage perivd Glaps)

Lise o mlo mide to sulent the ailodx) thar will be nw .ia;vgw in diametgr than that caloulaind
s step 3 abeeve and will wove of least s much ws caloudaied in mep 3 abase,

When vou have one stlo table, vou can feel confident von know what is contained in & given
size stlo, Howewver, when you bave 2 second sl tadde, von are no so sonfident. The Sunsrican
Newiety of Sgricuitural Engrnesrs (19971 hay a standard which comtaing the values Hseod in
Table 4. Thexe values can be found in P { 1% and o modified version of the whie is in
Biokert et al (19971 The International 3310 Associativn {1993} accounied for forage tvpe ans
mostre content when they devedoped their silo sapavity (Table 53 They alse have s differsm
aivde fur seenahewalled sl

An gxample of sizing o woewer sile follows:

1.

~

W

B Sad

Axsune 000 Do DAday 5 needed,
Sodving for the stfo dismeter

JGO0 (fde DA Sy » 12 Um iy 8
8= D {ihs DA ff Fe 8 {in fday)

FEEES

PEERERY

Bopndthisdown o [ = 1§ 8.
Assurae a M0-day storags perisd
Calrulating the quantiy nueded ae

Clbs DAY = 2000 (B DM Cdavl » 300 days = S00.000 Jhe DA = 300 TDAS

48
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From Table 4, the fullowing combinations of silos mes the design criteria

Dismeter i) Helht (83

1& 68
1% £}
14 £

TABLE 4. Approximute DM capacity of silos In tons® {A%AF, 1997

En wd Tad

3

Sile Height Site Dismeter ()
{#} TR L TR - - T S SR TRt R 17
6 $ 41X 16 32y 33 4p 47 3% 88 M4
24 I H S 3 N S: © TR & S S-S > SN S
28 B30 26 3% 44§30 &8 T 80 184 1w
32 62332 4 %3 &S 7§ EFH® 137 143
36 O S & SR SR S SR S 13 S S ST ST
44 W3 84 ST TmOBE WY OIS 1T W
44 RSNt S S RN T S e S T N O SR 73 SR -0
4% S0 MRy OIS 348 188 199 136 o
53 £5 R3O 105128 18T IR& Mm% 334 ey
38 YO 1Y 148 174 267 24l 28 ine
&t ERT (N e T E.0 T I ot S & T 1 S %
84 1470 ITE 310 250 298 340 3%
5% 1330180 228 373D T as
2 M3 O3S6 408 458
6 3436 43T 4w
85t 334 39T 455 920

¢ Capasities allow ome foot unased depth for settting in sihus up te 30 fret figh, and one additions! foot

for euch 10 feet bavomd 3 fret height
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Bag Silo Nxing

To size a2 hag sile, establish the daily feed need as in step 1 of the bunker 51l 512U pEOUess

carbier. The Db loss for hag sitos will be in the rangs of §-10%,

T Asmume a DM density, Table 6 presents 3 vt of dry matier Jensities from several
somwees. 14 Ths DVUES is 5 reasonable value,

Aszune a bag diameter,

4, Caloslate a foe romoval rate as!

o2

daily stfage noed {5y DA Idayy » 4
density (s DM %) x 313 ¢ [damerer (0T

Bif idayy ®

Tising the 2000 ths DM from G previows siample, 14 1bs DART density and 8 10-foot
bag, the removal g ks

O 3 oy 4
P TORn Mhe DM Jdayy X w P 8f e BAAH

3 {Bs DAY < DT < 314

kS

This removil rate shoubl be lorge encogh 9 keop shead of spoilage.

3 Assume a storege pericd, say 360 days.
& Calvulate the bag length as

Gilo fegth (B} = face remeval raie (s x storage peried (lpw
Thus the bag tength needed iw
St length (0 = LB (fiddayd v 360 ddaysy = 648 i

Eising 14 feut unused plastic in a bag 1 seal the endsand Tt long plastis bags, the
murnher of bags necded 1

B4R 4 GO0 F - 14AD = 3.5 hags




TABLE 6. Silo bag dengity ?
i
Bag Di- Meisture  Deasity  Rtandard ?
ameter  Content {bs i}wmﬁm\ Condition Reference
i3] {%d DARY (s D’
i3 “xe 28 1.36 Lorn silage, long chop Harmson et
H o 2& 164 Corn silage, long chop, al. {1REEY
proceesed
1 o e 27 130 Lo stlage., medium chop
14 o 3.3 § Corn silage, medium chop,
prosessesd
& 83 139 e Corn silage Derived
@ &3 138 e Lorn silage from Rive
1€ #5 i34 o Corn silage {1998}
63 RN “w e Lo silags
12 55 J38 o n Com silage
& 63 P18 . Alfalfa Drerivad
9 &3 1.7 o Alfally from Rice
5 114 e Adfsifa {19083
0 116 .o Adfaifs
13 6% 118 o o Adfalts
5 7 Q1 . Alfaltn Wright
{1998}
4 hé HERY . . Hegge
8 83 e R . {1905
E 8 R .o Corn silage Walgsnbach
5 &1 P36 e Alfalts {1994
& 3 137 - xn Baed clover :
3 5% 137 . Alfalfa Muster
4 3 12.4 - alfaifa (19983 :
R a4 14.3 o Aifalfa
8 &5 124 . Alfulla

Sizing Bale Storage

To size a bale storage area, establish daily fead needd as in step 1 above of the bunker silo sizing
process. DA Joss will be ahowt 485 for drv hay hales stored under roof to 50% for dey hay
stored o the ground, sotside and uncovered {Buckomaster 19930 Hubmbe, undated). Hohnke
reports DM foxs from round hay bales stored with o sariety of protestion methods i Table 7
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TABLE 7. Fercent DM loss of round dey by bales

Stnrsge Ferdad
Storage Method {ip to ¥ Maonths* 1% to 18 Months
B togs (%)

Exposed

Q. greaand 320 1% . 543

Elevated 313 12« 33
Expesed

{n ground S 14 1013

Blevated 2.4 LI EY
Uinder rood {open sdes} 2.3 314
Enslosed bam o< 3 T3

* 1§ used befors spring warme-up.

2

Asstme A tnestorage DM density. This valoe will be » function of hale density as well
as sacking density.  Tighe packing »f high denwity rectangular balex wall give the
maxinem destorags density, Rowsd hales stored i single rows vield the boseast density.
Tables & and 9 st some vahies of individual bele and in-storage densities for dry hay and
bale sifage. The to-sworage values presened by Hubake assame 3 farge s of bales
stored with Hnsited effects from a sloping pile edge. Values will be apprecishly less for
narrow piles (3-8 fest),

Assurne 4 storage padrhuilding width and 2 pile helght. Pie height for sound hales stored
on end and rectangular bales is the sum of the height of the wacking dimensien. For
exmmple, o 4-foot long bales soeesd on end vigld an §-footsall pile height. The pile
Sty for round bales is Hated in Tabde 10

4, Assurne & sturage period

$ {Caloulate the total quassity of srage needed aw

L%

Cruaniity stored (B DAY » dotly need (Ths DAS idayy x stovage perivd (days)

& Caloulste the length of the storage pad/uilding as
gunntity stored {{bs DAY » width (s % keight (T

Lengithiffy = :
dengine (s BM it 3y

uhinke recommends a 2-fbot space between the top of the bale pile and the bottom cord of &
truss for inside storage to allow manguvering mom during bale handling. He also suggests
feaving 9 least g $-fout roof overbang on open walls 1o raduce ExpRale t precipiution.
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TABLE & Round balde silage

Bismeter  Longth  Waight {bsy  Moelxture  Density {dbx Reference

() (éty (%) DM
- o oo - 118 recome Vough and Gligk
mended Sundatedy
4 {4y RO 1000 55 "8G
$ {43* 1201600 33 HE92
& {3y SI0B-2T0 3% TARA
4 {4} FOOG1350 fE 1487 Harrison and Fransen
S {4y § SO 20080 &3 6788 {1991
& {3y JELRE00 &3 f BT
3 4 331 &8 Yillep et gh (19935,
harvested for foroed
ar drving
4 4 P2 38 1y Poe sl Haley
{1988} ’
* Bale length assumed by this suthor o calonlate density
TABLE 18 Pue height of roumd bales
Nao. of Bales High Hale DHemater () Pile Huight ({1}
i 3 ERE
2 3 KR
4 3 R
i 4 4.8
2 4 73
3 4 RARY
i 5 kRt
2 3 3
3 5 137
t £ £ 43
2 & 112
3 & 164
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