26.1. INTRODUCTION

Bunkers and silos are the structures msed for the storage of materials like grain,
cercals, coal, cemen: etc. Both bumkers and silo: are commonly called as by, If the
depth and breadth of 2 bin are such that the plane of rupture meets the surface of the
material, before it sirikes the opposite side of the bin, it s called a shalipw bin or 2
bunter. However, when the plane of rupture drawn from the bottom &g of the bin does
nmim-rsu;uh:mrfa:ctc-.'elnfﬂmma!:dal.jtismlleda.dupbinm b
1 bin may be said 1o be a silo, tfiﬁdmhkgrummmnﬁmhhmm
are reciangular bins with the bottom floor consisiing of four sloping  slabs

Silos arc genmerally circular in cross-section. For self-cleansing and for emptying, it
5 supported on a mumber of columns, through a ring beam. s bowom hei
i such 3 way that 2 wuck can pass its underneath. It s covered with shallow spherical
or comiczl dome, or with a beam and

slab type flat roof with suitable man-hole. |
The stored material exeris press
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_ingthe bunkers, because of shallow depth, it is assumed ¢
*wall and the Al in neghgible. Fig. 26.5 shows a bunker with of
ch 3= top rib. junction beam, hopper bottom: with central opening,
(@) Pressure and momenis on walls

L&t @ be the angle of surcharge of the Rl

“The pressarc against (he verfical wall is given by C
Rapline’s fommulaZ
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The pressure acis in 2 direction parallel o
he 1op surface of the retained material. The horizontal
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the positive moment at the cenge of spankis o~ X2

Mea=E2 a0 + 080 o) .[26.18 ()

In addition 1w the h-mdrn; moment, the walls are also subjected to direct
JIC 10/ pressure on the adjoining walls, Thus, direc fension on wall L will be 0.5 Fy-B
that on wall B will be 0.5 p, . L. Apari from rie bending moment and direct fensic
Cific walls are also subjected o vertical weight of material transferred to it by hooper bortg
The vertical wall is therefore _designed as a deep beam supported benween the col
~ Circular bunkers. The vertical wall of the circular bunker of diameter & &5 s
(for 3 hoop temsion of p, B2 ; s
HOOPER BOTTOM

a) Comical hopper. Conical hoppers are -
tensions. The otal meridional tension at any
is such thar jis vertical component is equal b
plus the weight of the hopper and contents below the
AD 2t depth hr below the top surface of (he material,
and W, be (he weirhlt of the cope
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Welpht of maerial transferred to it by '

_ ! wall is therefore designed -as'a deep beam supported benvgen the !
u]ﬂr bunkers, The ‘;"THMJM hunker of djamgu_r b is deg
g _tension of  pSba) 8 :
. OPER BOTTOM

~ (@) Conical hopper. Conical hopper: are

P temions. The total meridional 1ension at any horizontal planc | passi
Per is such thar jts ve

riical component i equal to iotal vertical prescire
' the weight of the hopper apd conicots below the plane. Consider any
&t depth A below the 1op surface of the material, | e W be ihe we
W: be the weight of the cone. ;

W this plane, The m rjdi&nﬂmmiun
it ]
@ . dxh=p, b4 Wedt W,
T A
21 bsina
. (26,19) -

' be the normal pressure. | W, )
€ self wej of the con - : ;
wed, we ]uf"l: from Fiﬂ. 2: ?I';,J__; FIG. 26.7. CONICAL HOPPERS.
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subjccted essentially o meridional
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The 1ing tension T a any plane iz piven by
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o RS AND SILOS
n] (i) Verrical Reinforecment. Vertical

- Half the number of bars on

A minimum cover of S em shall be pmu.dul for lhe

Example 26.1. Design «a hm!‘er o store mchﬂ#ﬂt 0

Unit weight of coal =830 N/n' § Angle of repose = 30°. The mﬁ‘mﬁ
surcharged ai irs angle of repose. Thke permissible stress in sicel as 140 N/E

Solution .

1. Capacity and dimensions
a square bunker of size 3 m x 3@
portion have a height of 1.25 m
of size¢ 0.5 m x 0.5 m.

Height of surcharge = 1.5 tar

- . 300 = 1000
Volume required = — 40

4 Volume provided by top suf o
R i
LBer=1(3%3)087 =261 m
’ . Nolume provided by
]
szl 0 5x054
i i 3

@ | =448 m.
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Let the h be 3.25 m, so| that
mﬂuumﬂwunﬁwuhnx .35,3

nmmmfﬂem mdhwuhmnuém
cotinuous slab,  Since the mglunfmmr;_cheq the
_#' of reposc 4, the horizontal pressure ai any level is

. pe=wheos'q At 325 m  depih,

P = 8340 % 3,25 (cos 30°)} = 20329 N/m

Using M 15 concrele mix, m=19, k=0404, j=0.865 and
R =0875. Let the thickness of the wall be 150 'mm. Effective span
xih@h-flii-ﬂ,li =318 m. . B.M. 8t the corners of the square
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§21 mm aapac!

ing
= 1000 A3 Ag1 =130 mm.
These hars & 1 e provi
& e oudd age.

3 mm o bas, and 6 mm
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REINFORC 1) CONCRETE STRUCTURgs

_pand _ 4100 <(175)
o Pull = 2 2

rerall -.h'pih—ltﬂ-mul. cifeclive depth = 130 mm
InSST '_1"!‘_},_ ) ]: 8834 N-m

=ta (1,751
i LETAY ke Hem

™ 1M, = 662 =
| A |__ i.'.m

[ .E-I » 1000 ; ;
N R IEIDHE o Actwal d provided = |
: Hence provide 12 mm & bars @ 130 mm c/c a the inner face, at the
At the mddle of the span. the B.M. will be half of the above value, ie. M =533
pull will be the same. ie. 36557 M. Hence
vet BM. = 5331 - 36557 = 0.05 =3503 N-m. Hence,
3503 w Y000 _:r,5_5'a

R G50 1000 ey &8
B e 0fes = 10 L0 §T! . m g A @ 200 men ¢
)| if

= 254 mm’

Fiiovmne of
137 mem

I 10 e g @ D50 v oo on
Spacing P sach lace

s L %
« 113 =230 mm

e s = bn e nreasidiked

V2 mm g @ 125 mm sle
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