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THE DESIGN, CONSTRUCTION AND TESTlNG 

OR A WOODEN SILO FOR 
GRAIN STORAGE - 

AND 

YAHAYA MU1NYAWA 
DEPARTMENT OF AGRICULTURAL ENGlNEERlNG 

UNIVERSlrC OF I O N A N  

Ahertagor ie l ,dmbbwaH~.~aiksbfsides 1.2m. 
h e i g h a ? L 8 m a n d o f 7 m 3 a ~ ~ ~ .  he 
walls8ndflolwwscetakm m m s k i n p 9 n e l 6 .  
l?lese ware tmidd lwq Matmda GlMsshs tor 
thaCjbg,whEteerrterl~~g~sbuctudplymoodwas 
usedasshwtting. T h e s n O ~ w ~ e d t o m -  
d e s t r u c t i v e t ~ i n ~ ~ v v l i t h t h e B r i t i s h S ~  
dmt Code of PmcUce CP: 132 W jdMs stpadon, 
&#ation* movement ob the f~~ d flow 
d a n e d l o n ~ p e t t o d ~ ~ ~ ~ e r ~ ~  
dnkaweehsd~rhgwhbhthesbdumwiiunder 
M. A t t h e d d t h e W ~ m l ~ ~ n c l m e s -  
arrrabh ansadidation movsmmt and tha hoints m- 
mined l n t a d w h i t e * f l m ~ o n ~ ~ p B T -  
m~sdbie limit of & 4 UIW. Furlherbsting md 
evaluation indudi wbjdmg #e dl6 b'lmdlg for 
l ~ e r d u ~ a d ~ m ~ ~ o f ~  
I n d u d ~ n t h e s N o c x x n p o n e r 9 9 a r e b b e u ~ ,  

K€Y WORDS: 
H e x q d ,  m, silo, nmdsstwdivs, prototype. 

1.1 TheNisg~htrebdaminetedbyptw- 
ant fmm whose individual farmhddhgs are b 
Men I and 10 ha, while a m d  grain mtputs v q  
betwwn I and 5 bnnes (1). This cks d farmers can 
eordrikrte much mote to food pFodu&n n the #run- 
try d some cmddnts are mwed. One of these Is 
to m&ia available to them implMled stwage fadlitb 
fwthdraops. T h e a o p & m g s ~ ~ b e i n g  
u#dbyth-fmmamineWentandresuttinse- 
v m ~ ~ B S f ~ m c h i n g ~ m u d , a s 2 0 - 3 0 %  
for grains and 30 - 500rbfor mob snd tub (2). 
It Isas been suggested &at the nation's efforts to 
rrdtievkrg W d f l d m q i n  food supply could tre m m  

easily acwmplished lf~rough adequde pmewation 
and s tme  of what is m y  p w c e d  d k r  than 
inawsing the wmnt pmduc#on level. It has also 
been suggested hat any &ort aimed at increasing 
f- produdion shwld be matched with an equal d- 
f01t at pewwing what will be harvested (I). 

In designing m p  s t w e  stwdures for peas- 
ant farmers, due mccwnt has to be taken of their 
pmseM incometwd, t ~ ~ s k i l l s m d # e i r r e q u i r ~  
mmts lor storege capacities. A wooden silo, which 
cwld tie fabriaated using I d  materials was mid- 
ered of pdentbl. T k  wuk was thwefweundertaken 
to evdve a design methoddogy f or a W e n  silo and 
to fabkate and t a t  a pmtdype d the silo. 

2.4 Sllo Capacity and Oimensions 
7he~a lproducHond~edcombyeach  

of the ~ f a m r e m w h o  pmhm maize in the a n -  
try b said to be undm $ tonnes (I). Five tonne. of 
shetkl corn wiI w p y  abaut 6.7 euWe m m .  A 
silo capacity of t cubic metres is dmm, to take ac- 
~ o f p m s e d l e v e l o f ~ i o n a n d ~ i ~  
m d u r l n g  w ~wnrng YEW. 

Ahexagmdshapeisprefdtothe&n- 
gulw forthe 90. This is to reduce the ind- 
' d e n r # o f ~ c m c d d w r a t ~ J d n t a ( 3 , 4 ) .  The 
r e g u l a r h e x ~ d ~ m I s b h a v e i t s s i x ~  
tying an thedmfereme of a drde 
dradim t.2rnebs. E a c h s l d e o b 1 9 m ~ i n ~  
w h b t h e ~ M d t h e J o i s t o b e 1 . 8 m e t r e a  The 
inbml vulume of the silo is tc be abaut 6.73 cubic 
mebres. 

Silo CWiflcatSon 

S i l o & r e ~ ~ & S W m g ~ ' ~ d  
'&atrow'. Ttw walk d deep s i b  we said to wpeh. 
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1 W E  f ECHNtCAL TRANSAC7lW8 Vol. 31 No. 1 E. kbalide and Yahava M l l i n w  1 
en- fridion when loaded, whlk In shaHow silos, the 
watts expetlenoe no frictional maMan#. It has how 
everbsenraportedthatevmwbmrvallfrictlonis 
lnItially p i a n t ,  this tends to d m  with usage 8s 
a wt d the depodon of w a ~ - l i k e  material on the 
wells frwn the grain (5). It is therefom appropriate to 
design J b  as shallow type especially since silos are 
not nomaily loaded to fuH capadtics dudng the ear- 
lier - of usage. Slos we w a l i y  overdesigned 
f o r ~ d t y t o t a k e a c c u t m t d p m j e d e d I ~ I n  
later years. 

23 Silo Wall and Flow fhlchesms 

tom of the do ,  a unitom t h i c b m ~  of silo d l  Is used 
in order to f d W e  Hlwkndip.  - 

~ h s t u t k ~ r e s i n d u c a d b y ~ ~ n a r e  
often modified by an over-pmmre fedw to take a- 

There am no m a r d  e q W m  for What-  cwnt of the dynamic loads Wch are dweluped dur- 
ing these f or silos fab- of &-based pmduds. Lng unloading, such dpmk rosds am negmed fw 
The W s  and floors however approlrlmate to stressed thls wrlr in VIM of the small =pad& d the silo. The 

skin panels, for MWI there a* established design dculated staRlc M s  are themfare usd in the d e  

rnethdobgiies. ThewaELssmdilwthidcmmshaue ma 
therefore beenestimedonthe &&dWrbehrg 
stressed skin w. 3.2 The Sib Wall md Flbor 

~slaoriawood-&waswM 
forcons(nrd~lherboftlw~Hlhiledwdudgrade 
p ~ ( w l t h c w e a n d f a c e v e n s e r s o f ~ ) i s  
used as sheathing material. the properti= af these 
construction rnatedals which were obtained from 
Codes of P m d b  (6) were duly modifled to take ap 
cmmt of expected setvice conditions. Camdon++ 
sistant common wire ndls wen used as mmam 
while in Wwe applicable, cascamite adhesive 
was used Insearring membmtugether, in additla to 
nailing. 

9.0 DESIGN METMQDOLQGY 

The stafic lateral pmwm (L) I m m  on the 
w ~ s a t t h e s i i ~ t h e ~ i w o n t h e f ~ F v a m  
dculatd, wlng Ranktng equation for shallow 410s. 

W = BulkderrsOtydgrtJn 
Y = Depthofgdn 
0 = Angle of m d g r a l n  

f h e d e d t y f o r M # w n W = ~ S  
; O = 2 P ; y = t . 8 m , L , m a $ n u m ~ l ~ m i s  
-1- to be4774 Ms. Athigh the ltateml pm- 
sureonthewelldthesllowit#varyfran zeroatthe 
top surface of gndn to a mawhwr value at tha M- 

Them are to bedesigmi as double skfn pan- 
els wirq the pmedum pmmbd by Booth srd 
Reece (1967) ($1, O z e h  and Wrd (1976) (4) ml 
Gutfinkel (1 979) (3). The procedures involve the ire- 
Iedh ab sppmpriate dirnm*wm far the webs, web 
s p e d n g a n d ~ t o b e t e a t d f o r ~ a n d s e r -  
vlceability. 

3.21 Proportioning of k e  Panel 

Thiiisgwemed bytheretioafthespanto 
Mwerstldepthdthepandwhid~shwtdIlOfe~- 
ceed30. Thewkithofthewbsshould providead- 
~ t e a r e s d c o n t a d ~ t h e ~ b s a n d f ) l g  
flanges in o w  to keep th8 rdBw shear slmss I n -  
ducedwithin ~ t s s i e l i i l L  T h e T h e s ~ n ~ s a r e  
e t r o s e n i ~ ) # t o p w e r d e x ~ e t r a n s v 6 m e ~  
t i r m o f t h e t ~ n ~ ~ a c e n t ~ .  
For the purpose of bh design, a typical waft panel 19 
t aka  m behg 1-m x 120tlmm, vvtrlba 208anm 
x t 2 0 0 m m ~ t s ~ f w t h e ~ .  Thepan- 
~ ' p r o p w t l o n i r ~ a t h w r e D e v 8 n t d ~ s r e ~ d  
In T&e t whfle a wd dwble stredised akln panel 
isshwnInFtg. 1. 

t n t h e d d g n d ~ s k l n ~ s ,  itis- 
sumed that the plywood flanges bear the bending 
~ w h l l e t h e ~ n g ~  or- bearthesku 
strwxs f h e ~ a n d s e r v ~ r i d # S p a n e l  
are debmined thrwgh ckda on the fdlowing: 
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NSf TECHNICAL TRANSACltOHIS Vol. 31 No. t E, Babajide and Yahaya MWyawa I 
a) Budding of the topsltin. 
b) Bending st- on the top and M o m  

flanges. 
c) H&ontal sbearstress at the M&al Axis of 

the entire panel. 
d) Rdling sheat strpwses at the flarrgekbrPWbhb. 
Js) Overall panel ddedion. 

Toeffdudy cawy artthemctredrs. the Weu- 
h l  Axis 04 the panel is IMd .  s d m l  rigidity, 
and the first moment ct elements above and below 
th Neutral Axia am dstemined. The same design 
procedure was done fortha wafl and floor panels, tak- 
ing Into m n t  appropriate d i m e  and stnrcbml 
P w m e s .  

fhestresstocauselmcklfngatthetopddnis 
mpared wZth the bending stress 6 induced on the 
topskin by the external M atld U3e sdf  @ght of the 
'loor 

Where M = BeMing Moment 
z = S e d l o m ~ ~  
W = tntEdty d me UMmty 

distribut8d bad 

and L = Span 
? 
forthe wail, the st- 6was wakt#d as Wrrg 3.84 
Itlmrn2 whne fw Uw floor panel il was 1.S Pdhnrn2. 
j h  these stress= are h than the permissible 
d m  budcliw would n a t a u r .  

Bmdtfq (Fb) d h extreme edge d 
he fl#rges WB dculMed uslng the equathm 

whm El =Sectkmd&ktffy 
Y = D ~ f m  edged 

flmgi~totheNeuWAxla 

F w t b w a l l W , t h e ~ v W ~ a t ~  
w ~ ~ ~ n S ~ 8 v a ~ ~ b s T ~ 1 . 9 w  
rmz and 2.4 N l m d  m m d h e l y ,  while for the flm 
M , t h e  ~ ~ ~ 4 ~ 1  Nlmm2and4=1 Nknm2m- 
pedhreiy. These are all be& the pemrkible 
beses. 

m h c h I 4 d S h e a r - R ~ * { F h )  
~ r n 9 x i m w n a t i t s ~ i r r t k  ~ w a s e u ~  
mwew-n: 

Forthe wall pa&, F, was evaluated as b;eing 0.34 NI 
mm:whik for the flow panel. F, equals 0.37 Wmrn2. 
both being below the pemissible values. 

Rolling shear (Fr) at the interfmof the flange 
and web d each panel is evaluated from the relation- 
ship. 

Values of rolling shear at the well and fW pan& 
were 029 Nlmm: a d  0.31 Nlm: mspevely, The 
are lm than the 0.47 MhmZ, the pemissible value 
of rolling shear for the plywood. 

me ovmll  paw dofledan (4 is CalwMsd 
as suggested by Ozebn and Baid (4): 

= 5wt4  - (71 
0:) x 3 ~ 4 .  ISI 

This worked aut as A = 4.25mm for the wall panets 
and 10.7 mrn for the floor panels. For stwage stfuc- 
Cum, the pmissible &fiedon shauld be limited to 
the span d i v W  by 180 (41, Pemnissible deflection 
thus wfb out to 10.mm and 1l:mrn for the wsll 
and floor pawls respectively. am graatw than 
th maxhnm defledbm as mlarkdecf. 

3 3  WPPORTlNG COLUMNS 

I n o r d e r t o ~ w l t ~ d a n p n e s s a n d t w  
dent InfeWh,  and to provide adequate spm for 
t h e ~ n g d a ~ o n t o w h i G h t h e 8 t u r e d  
g t a i n m b m p t i t # t , U w J b ~ i s t o b e  
a u p p o r t e d b y ~ ~ ~ c d w n m d a h e ~ l t  
Of1h&Wegr#lndkVd. TCwgralnba9tobe 
s l l p p o ~ h s 5 ~ n r h i l e h ~ ~ h t o F t h e s u -  
persbu- is 0.5 m. 
A W M d 5 5 K N I s ~ o r e t o b ~ m d b y  
the nine m. Mm, 7-m x 7Smm x fOOanm 
C d U m n a s ~ ~ ~ a n d f h e E p B ~ ~ ~ f ~  
I h e l r ~ a n d ~ ,  U s ' i t n w & e o l u m n ~  
u r n ,  (3*4) for wmw#uw wW&n Cdlmm, ths 
minimum ske & leach Column is calwMsd as 
9.Hmm x 9.34mm x IllHknm, The &fee d ?5rm 
~ 7 ~ m x l O W m m c o ( w n n s d ~ i s ~ w  
m-w- UNIV
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length 120mm are required forthe floor. These are to 
form the a r w m f d d  webs. Each was bevelled at 
120" m both ends and nailed tog*, udng head-to- 
bii amngement The inner webs wre  cut to a m -  
@a& lengths, bevelled and &ached to the dram- 
ferential webs. The top and b o t h  sldm wm then 
attached, Six vertid studs of SOmm x 50mm x 
1-m bekg part of t h e w  panels, =re positioned 
at the cornets of the hexagonal floor. Horizontal 
m n g s  were searred to the duds at Intervals, qua! 
to the calalated web spadng for the wall paM. The 
inner and wter skins w m  ttren atledwd. 

ThefwnmmdnlneHoodmpi les .  
etgM of which were p o & h d  along the drarmfer- 
ence. The wooden piles were prepared a d  the p d -  
t ins  of the piles were marked an the ground. Tha 
)rdesfwthepil~wmdugtoadepthsof3Uanand 
the p i l ~  Installed and #mete poured b seeurnthem. 
Eight days were a U d  for the mwete to set Mer 
Wch the floor joists were nailed onto the pik. The 
semi-finished atWnrctwe wa8 Ulen positioned an 
the fwrdation. 

The finishltq aqmd of the fabri- caw 
Jsted of the roof corwbuctlon, a door on one of tbe 
panels, a windm on the d and a dl&?arge &ute 
o n a ~ o p p o s i t e ~ o n w h l & ~ d o o r m s l o -  
cated. The canpletd stnic&~m was painted, using 
aluminium paint. Fig. 2 and plate 1 show the 
Cunptetd structure. 

5.0 PROTOTYPE f €STING 

Acardiw to the British Standard Code, of 
Pradice CP: 112 (91, where the deign methodology 
%doptedfwa~#isotherthanthoseintheCade 
d Practice, pmtatypes d the M d  be built 
and aubjgcted to Wng to e n  fts ~~ ad- 
w. This sib dwCgn is in this &-. Numb 
stnrdive p r o t m  t d n g  was W a r e  wrrrid out, 
t o ~ m i n e t h e d e t l e d i o n ~ d t h e  s h m  
tute and the ultimate bad it can sustain in service. 
The strudure b SUbJeded to a W equlvalwrt to its 
w n m a n d t h e d e ? k d b n a n d b e h a v b r d  
jdnts are observed over r mod of time. 

Thm test psram&m w m  used in evpduat- 
tng the silo. These wwe failure d the jdnts, cowdi- 
datim movement of the fa- and the detledion 
ofthesilofbr. foeffedivelyeanythec3ewt.the 
fdlowiq prel-ng d v i t i e s  m done: 

1) Marking d foundation p i b :  
In order to esbbllsh the degree d f~~ 

~ o n l n E o t h e g ~ d u e t o t h e b & ,  tksur- 
twndl~gs of the pllw wem tbwghty deaned and 
levelled. Sales were made on all the w o d e n  pilw 
atankltwvddknrnstarthrgfmthegroundsur- 

face upward. 
ii) Phdmgmphofjdntc 

Adequate nailing and the use d glue m l W  
in docre fittirg joints. fMs n-nding, joint f8il- 
ure under load was considered a w b i l i t y .  f he 
method adopted to mmitocjointcmdiion was taking 
the photographs d ttw joint before and after U n g  
and mwng ttwse- 
iii) Installation d Dtal IndicaOor 

 fly the rnaimwn ddledion sbatld 
ocarr at the centre of the silo floor. H m e r ,  d m  
the~of thad~oRow~edone~te . lherncuct  
rnurndeflecblanshwldooalratapdntbetweenthe 
centre and drumfewem d the fioor. A dial guage 
wmirrgtatled onthesHoflooratapdntwherethe 
maximum ftoorddgetian wasexpedd. 

Using fine aggregate of dew@ 14UHgh3 
as the test material In place of &Ned earn of density 
72Ok@m3, the silo wss filled to a height d 0.m. 
The rnabdal was lowhi in bkto m r e  wendst& 
~ n a f ~ s o n t h e s i t o m p o n e n P s .  h l o d w c l i l  
M h ~ s o e f o r l m ~ a n d ~ ~ m r e m a d e  
pdodiatlly and further obmdon  mre made &tw 
unloadiq$ 

RESULTS AND DISCUSSlOHS 

6.1 The Jdnt 
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1 WSE TECHNKAL TRANSACTIONS bl. 31 No. 1 E. &Wide and Yahaya Mijinyawa 1 
tiin wss ddmlned by urdwtaklng further reeding d 
the d&t guage after #e sib has k m  unlosdd. The 
dial guage reading, which at the end of toading was 
4.5 mm me to 8.75 mm at marrknum d d W m  The 
final guege d i n g  after the sIio hss beet1 ontoded 
was 5.3mm. TMs ghes a ddedon d 3.4- while 
5.3m was due to mlldsrt lon d the flow onto the 
fourd&ion. 
This defldon qf 3.4-m Is *in the I0.7mm hmit 
calarlatd as permissible ddectron for the floor. 

CONCLUSIONS AND RECOMMENOATIOMI 

Arndbddogy fudesignirrg Hlloodensik has 
been evolved. lbs is by taking the wall md f k  
panels as being s b w a d  &in pa& made up of sotid 
wood ribs and plywood sheathings. Pmtotw t d n g  
ofthe dedgned W fabdcatedwOoden silo confirmed 
Its adequacy in $nd stability. The jdnb of 
common wire nails maln&hd struchrtal adquacy 
dudng the t& 

L q e r  term tests 8m required epecially to 
detrninetheeffectdofy'eaniaf exposuredthesilo 
to wather on its durability. 
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pablm 1: ~ l l a n u i w m  and 3Qme other Dooafas. of PmU 

P a r m t e w  

Span oE panel L Id 

Width Cif-Wl (ml 

Tbfckeos ur t q i s L 4 i  {m1 

oepth of web Iml 

wid* of w a b  t d  

fhidcnoos of b o w  skin (ml 

OPerall, depth of panel 0 (mRI) 

hatie of L/D 

Ho. of mb8 

Web a w i n g  ImI 

'Potal thickness of web9 tW 

~ x k -  Bn panel ( I M / ~ ~ I  

2 Seli-ight of -prkin Ima/m 1 

lorad m mein {m/m2) 
2 w - w d g h t  of entire panel ( W m  1 

msr rarca v L fw 

V a l 1  panel 

LSOO 

1100 

12 

W 

M 

6 

68 

26.5 

9 

390 

250 

4.774 

0.06 

4.834 

4.9U 

4.423 

Floor -1 1 

2000 

1200 

1s 

SO 

 DO 

I2 

74 

18 

7 

230 

700 

l2.714 

0 .09 

. . 

# 

'12.804 

12.944 

13.46 . . 
-. 
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h toto( ~m'~th or Span d pond ( L b 
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