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Indian Standard

CRITERIA FOR DESIGN OF STEEL BINS FOR
STORAGE OF BULK MATERIALS

PART | GENERAL REQUIREMENTS AND
ASSESSMENT OF LOADS

0. FOREWORD

0.1 This Indian Standard ( Part I ) was adopted by the Indian Standards
Institution on 15 May 1979, after the draft finalized by the Structural
Engincering Sectional Committee had been approved by the Structural
and Metals Dwision Counal and the Civil Engineering Division Council.

0.2 Bins are known as silos if they have circular or polvgonal shape n
plan. When square or rectangular 1n plan they are known as bunkers, In
this standard a bin shall mean both silo and bunker unless otherwise
stated

0.3 The functions of bms as stotage struclures are very ampottant in
power stations, lertilizer compleses, steel plants, cement plants and similar
industeies for eflicient storage and nse of bulk materal both in granular
and powdery form. On the agrnicultural front bins are used to store food
grains lor ensuning their <upply all through the year  Bulk <torage of
materials in bins has certam advantages over other {orms of storage,
Thercfore an Indian Standard on this subject has been a long felt need
and thus standard 15 aimed at grving the necessary gwidance in the analysis
and design of steel bins for stoning various materials of dilferent charac-
teristics and (low properties,

0.4 Dins have been designed on the basis of Janssen’s Theory (with
modifications to the original ). From experimental mvestigations and a
study of the petflurmance of the exisung hins 1¢ has been noticed that the
pressure distribution is influenced by the size and shape of the matenal to
be stored { that 15 granular or powdery ), moisture and temperature, bulk
density, which mn turn s aflected by storage and flow characteristics.
Besides there 16 an increase i the mmposed loads dunng blhing and
emptying, the latter being more predormnant.

0.5 lor reasons mentioned above in the bins designed by coaventional
methods, matenals do not easily flow due 1o arching and pping. Thus
required [requent poking — manually, pneumatically, with stcams or by

3
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other mechanical means,  With research data available, this problem has
been successfully solved by adopting mass flow or funnel flow bins where
the shape of the Inn hopper and size of the openings are based on the flow
propertes of the stored material.

0.6 In order to Jdeal with the subject 1in an effective manner this standard
has been prepared in three parts namely:

Part I General requirements and assessment of loads
Part IT Design criteria
Part II1 Bins designed for mass flow and funnel flow

0.7 This standard keeps 1n view the practices being followed in the
country and elsewhere in this ficld  Assistance has also been derived from
the lollowing publications:

DIN 1055 { Sheet 6 ) Design loads for building — Loads in silos/bins,
Deutscher Normenausschuss,

Pierer (K ) and Wenzer (F) Pressure Distribution in Bins (in
Germain)  Verles Wilhelm Ernst & Sohn, Berlin, Munchen. 1964,

Lamprer { I B ) The Theory and Pracucal Design of Bunkers The
British Constructional Steelwork Associations Ltd, London.

Reissire ( W) and Routng ( M. E. ) Bins and Burkers for Handling
Bulk M tenals. Trans-Tech Pubhcation, Ohio, USA

Jevikr ( AW} Storage and Flow of Solids Auf 123. 1964 Utah
Enuinecening Experiment Station, Umversity of Utah, Utah, USA.

Joman (] Ry and Corryy ( H) New Design Criteria for Hopper and
bing  ltron and Steel Engineer, October 1961,

0.8 For the purpose of decuding whether a particular requirement of this
standard 1s complied with, the final value, observed or calculated, express-
Ing the result of a test or analysis, shall be rounded oft 1n accordance
with IS, 2-1960%

1. SCOPE

1.1 This standard { Part 1) deals with the general requirements and
assessment of bin loads for granular and powdery matenals in different
bin shapes.

2. TERMINOLOGY

2.0 For the puipose of this standard, the [ollowing defimtions shall apply.

*Rules for rounding ofl numdrical values {reqesed )

4
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2.1 Aeration — A process in which air is moved through the siored
materials for ventilation.

2.2 Arching — A plienominon in the bin during the emptying of stored
material giving rise to f[oomation of arches of the maternial across the bin
walls,

2.3 Bin — A structure meant for storing hulk matenal in vertical direction
with cutlets for withdrawal either by giavity alone or by gravity assisted
by flow promoting devices

2.3.1 Srlo -~ A bin, circular or polygonal in plan.

2.3.2 Bunker — A bin whose cross section in plan is square or
rectangular.

2.4 Bin, Asymmetrical — A bin in which the outlets are asymmetrically
placed to axes of the bin.

2.5 Bin, Interstice — Bin formed out of the space enclosed by a battery
of interconnected bins.

2.6 Bin Loads - Load exerted by a stored material on the walls of
a bin.

2,7 Bulk Solid — Bulk of granular and powdery material.

2.7.1 Granular Material — Material having mean particle size more than
0 2 mm. No cohesion between particles is assumed.

2.7.2 Powdery Material — Material having mean parucle size less than
0:06 mm

2.8 Bunker Closure or Gate — The closing artangement for the outlet
at the bottom of the hopper for discharging the stored matenal.

2.9 Consolidated Pressure - The normal pressure acting on the bulk
solid causing the particles to move closer tagether, thereby changing the
bulk density and flow properties of the material.

2.10 Food Grain — Al] ccreals, pulses and millets, except olseeds,

2.11 Funnel or Plug Flow — The flow patiern in which the matcrial
flows primarily in the central region of the bin or hopper.

2.12 Hopper — The hollom converginyg poruon of the bin.

2.13 Mass Flow — 1 low in which the enure mass of matcrial Hows withe
out stagnation,
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2.14 Poking Hole — Hole provided at suitable location on the sides for
poking the stored matenial cither manually, mechanically, pneumatically
or with steam.

2.15 Valley Angle — The angle of the corncr of pyramidal hopper
measured with respect o the horizontal plane,

2.16 Waist or Transition - The junction of the vertical walls and the
sides of hopper.

3. NOTATIONS

3.0 For the purpose of this standard, the following notations shall have
the meaning indicared azainst cach:

A = Honizonwal cross sectional area of the stored material at
depth ...

Side of a square bin o1 shorter wide of a rectangular bin

i

Longer mude of a rectangular bin

= Internal diameter in a arcular bin

Maximum diameter of the circle that can be inscribed in the bin
Height of bin

£y = Pressurce of air mjected for pneumaltic emptying of a bin
Pressure

I

e T e s
i |

f

f

Suffix indicating h, v or w corresponding to horizontal
(lateral ), vertical or wall friction respectively

Py = Horizontal ( lateral ) pressure on the bin wall due to stored
material depth .7

Py = Vertical pressure on the houzontal cross-secion of the stored
malterial

Pg = Vertical load transferred to the wall due to [riction between
material stored and the bin wall

Pp1 = Pressurc obtauncd on the wall of a bin imagined to be enlarged
i plan so as to make the eccentric opening concentric

S = Boltom diameter of mnscrt

R = Al

U = Perimeter of the cross-scction of the stored material at depth
W = Bulk density of the stored material

« = Dcpth below the levelled surface of the maxunum possible fiil
in the bin ( see Tig. 1)

8 = Angle of wall friction of the stored material on the walls of the

bin
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0 = Slope of hopper wall with horizontal

¢ = Angle of internal friction of the stored material ( for pon-
cohesive materials it is also the angle of repose

p = Coefficient of wall friction ( tan § = Py/Py)
uy = Goefficicnt of wall friction during filling
e = Coellicient of wall friction during emnptying
A = Pressure ratio { Py/Py )
Ay = Pressure ratio ( Py/Py ) during filling
Ao = Pressure ratin { Py/Py ) during emptying.

r i —

Fia 1 DeprH BeLow Tu® LEVELLED SURFACE OF THE MAXIMUM
PossipLE FIiLL 18 THE Bix

4, GENERAL

4.1 Location — Location of bins and specially those storing foodgrains
shall conform to the relevant provisions of IS: 5503 ( Part I)-1969*.
Depending upon matenial handling and pressure requirements, bins should
be suitably located

4.2 Economic Consideration — Optimum dimensions, shape and lay-
out, etc, of bins shall be selected in accordance with clauses 4.2.1 to 4.2.3.
In addition the material handling [acilities shall also be considered,

4.2.1 Dimensions -— Volume of each bin and height to diameter ratio
shall be governed by the storage and functional requirement of materials,
To achieve reducuon 1n lateral pressure over a longer height, it may be
preferable 1o select a height diameter ratio greater than or cqual to two,

4.2.2 Shape — A hin may be crcular or polygonal in plan and is
provided with a roof and a bottom which may be {lat, conical or pyrami-
dal. 1In case of gravity HAow bin, the angle made by the hopper with the
horizontal shall preferably be determined in accordance with 18 : 9178
( Part IIT )1,

*General requirenients for silus for grain storage: Part 1 Constructional
reqiirements.
riteria for the design of steel bins {or storage of bulk matenals. Part ITI Bins
designed for mass flow and funnel flow (under preparation ).

7
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4.2.3 Layout — Storage bins may be either free standing individual bins
or arranged in the form of batteries of free standing bins or bins inter-
connected in one or both the directions.

5. DESIGN PARAMETERS

5.1 Design parameters of stored materials include bulk density w, angle of
internal friction ¢, angle of wall friction 8 and pressure ratto (A) which are
the governing factors for the computation of bin loads  Storage and flow
characteristics of granular materials differ widely from those of powdery
materials.

5.2 Shape of the Bin — The cross-sectional shape of the bin is taken into
account by the factor R. In the case of intersuce bins, the value of R shall
be approximated by the value of R for an equivalent square bin of the
same area.

5.3 Bulk Density and Angle of Internal Friction — Tables 1 and
2 give the classification and characteristics of bulk material commonly
stored,

TABLE 1 CLASSIFICATION OF BULK MATERIALS
MATFRIAL CHARAPTERISTIC Crass

{ Very fine — 100 mcsh and under
4 Fine 3 mm and under
Granular — 12 mm and under
| Lumpy-containing limps over 12 mm
| Irregular — being fibrous, stringy or the like

Size

{ Very free lowing
Flowabihity { Free flowing
| Sluggish

Non-abrasve
Mildly abrasive
Very abrasive

Abrasiveness

= P_J‘"—\

Contarinable, affecting use or saleability
Hygroscopic

Highly corrosive

Mildly corrosive

Gives off dust or fumes harmful to life
Contains explosive dust

Degradiahle, aflecting use of saleatnlity
Very hight and fluffy

Interlocks or mats 10 resist digging
Aerates and Amidized

Pachs under pressure

Other Characteris-
tics

N HEA R gZEER SS9 O = o>
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TABLE 2 CHARACTERISTICS OF BULK MATERIALS
( Clause 5.3}

MATERIAL AVERAGE CLass ANGLE OF
BuLk INTERNAL
Dznsiry FricTION
¢, Mmn
(n @) (3) (4)
kg/m3 Degree
Ammonium chleride, erystalline 830 B26LP 30-45°
Ammonium nitrate 720-1 0G0 B27NLS 25°
Ammoenwm sulphate 720-920 B26N 32-45°
Ashes, ceal, dry, 12 mm and under 560-640 c37 40°
Ashes, coal, dry, 75 mm and under 560-640 D37 ag°
Ashes, coal, wet, 12 mm apnd under 720-800 C27P/7 52°
Ashes, coal, wet, 75 mm and under 720-800 D37PZ 50°
Asphalt, crushed, 12 mm and under 720 C26 30-153°
Benzine hexachloride 890 A3GR 45°
Bicarbonate of soda 650 A26 300
Calcium carbide 1 120-1 280 D27 30-45°
Carbon black, pelletized 320-400 BI6TZ 28°
Carbon black powder 600-940 AlTWZE 21°
Cinders, blast furnace 910 B a5-45°
Cinders, coal 640 D28 35-45°
Coal, anthracite A30-960 Cz7p 30-45°
Coal, pulverized 510-560 — -—
Coal, powdered 800960 — —_
Coal, bituminous, mined, run of 800 D267 35°
mne
Coal, bituminous, mined, sized 300-910 D26PT 22-31°
Coul, itumunons, mined, slack 640-800 (ORI 29.15°
12 mm and under
Conl, bituminous, strpping, mnot 800 D37p 45°
cleaned
Coal char 180 B275Y 10-47°
Cuke loove 360-3140 Naerx 27-457
Coke breeze 40032140 —_ 245
Cement 170 — 250
Coneent e hinhor 1 L3O — 35-37°

( Continued )
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TABLE 2 CHARACTERISTICS OF RULK MATERIALS — Conrd

MTERIAL

(1

Copper sulphate, ground
Dicalcium phosphate

Duodium phasphate

Ferrous sulphate

Flue dust, boiler house, dry

Fly ash, pulvenzed

Gypsum, calcined, 12 mm and under
Gypsum, calcined, powdered
Gypsum, raw, 23 mm and under
Lime, ground, 3 mm and under
I'ine, hydrated, 3 mm and under
Lime, hydrated, pulverized

Lime pebble

Lamestone, agncultural 3 mm and
under

Limestone, crushed
Limestone dust

Phosphate, rock, pulverized
Phosphate rock

Phosphate sand

Potassium carbonate
Potassium chloride, pellets
Potassium nitrate
Putassium sulphate
I'yrites, pellets

“alt, common, dry course
~ Ut common, dry fine
St cake, div, coarse

Salt cake, dry, pubienzed
Sand  bank, damp

AVERAGE
BuLx
DExsITY

w

(2)
kg/m3
1 200
680
400-490
300-1 120
560-720
560-720
B80-960
960-1 280
I 440-1 600
960
G640
510-640
840 890
1 080

1 360-1 440
830-1 520
960
1 200-1 360
1 440 1 600
810
1 920-2 Q8D
1210
670-760
1 920 2 080
640-1 020
1120 1280
1360
1140 1 360
1 760-2 08D

CrLass

3

D26P
Al6
B27PT
c27

AlSY
C27
A37
D27
Bi6LZ
B26YZ
AZLYZ
D36
B27

D7
A3TYL
D27
B28
B27L
Cc27p
CI17P2
B374
(27R
(2701
27PL
D27
B27
B3d

ANGLE OF
1NTERNAL
FritTiOoN

¢ Mun

(4)
Degree
30°
45°
30.450°
J0.45°
< 10°
40°
45°
30-45°
& 15°
30-45°
30-45°
# 43°
30-45°

30-45°
38-45°
40-52°
30-45°
30-45°
30-45°
30 450
< 30°
45°
30-45°
30 45°
30 45°
30°
35°
45°
( Contnyed )
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TABLE 2 CHARACTERISTICS OF RULK MATERIALS — Contd

MATERTAL AVERAGE Crass ANGLE OF
Buig INTFRNAL
Density FricTion
£ $ Min
(m (2) (3} (1)
kg/m? Degree
Sand, bank, dry 1 440-1 760 B38 3o
Sand, silica, dry 1 440-1 600 BI18 30-35°
Silica gel 450 B28 30-45°
Soda ash, heavy 880-1 040 B27 35°
Soda, ash, light 480-610 AZTW 37
Sodium nitrate granular 1 120-1 280 BI7NS 24°
Sulphur crushed, 12 mm and under B800-960 G265 30-45°
Sulphur, 76 mm and under 880-1 360 D263 320
Sulphur, powdered £00-960 B265Y 30-45°
Trisodum phosphate 960 B27 3D-45°
Triple superphosphate 300-880 BZINRZ 30-45°
Urea, prills 650 CITNXL 23-76°
Ammonium nitrate, prills 750-850 B17LPS 27°
Calcium ammonium oitrate 1 000 - 28°
Diammonmum phosphate 800-860 — 29
MNitrophosphate (suphala ) 820 — 30°
Double salt ( ammonmm su/phate 720-950 BIGNLS 34
nitrate )
Single superphasphate {8 5. P.}, 780-840 —_ 3r
granulated
Barley L0 27°
Wheat 830 28°
Rice 900 33°
Paddy 375 36°
Maize 800 30°
Corn 800 27°
Sugar a20 35°
Wheat Aour 700 30°

Notg — The values given 1n this table may not be taken to be applicable
unmiversally The bulk density and angle of inrernal friction depend on many
variable factors, such as monsture content, particle sizeés, lcmperature, consohidating
pressure, etc Detail study and test shall be conducted on actual sample to obiain
their values under the actual condition of storage. A reference to 15 : 9178 (Part 11I)
* Criter1a for the design of steel bins for siorage of bulk materials: Part 111 Bins
designed for mass flow and funnel flow (under preparation )’ may be made for detaifs,

11
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5.4 Wall Friction — In the absence of reliable experimental data, the
angle of wall friction for granular and powdery materials, irrespective of
the roughness of bin wall, may be taken as given in Table 3.

TABLE 3 ANGLE OF WALL FRICTION AND PRESSURE RATIO

SL MATEUIAL ANOLE oF WALL FricTion 3 Pressune RaTio 2
NO- ~— - —_——— — o S _
While While While While
filling emptying filling emplying
i) Granular materials with ¢ 75 ¢, 06 95 05 1-0
mean partcle diameter
202mm
if) Powdery materials { ex- I'l’)qj 1"0¢ 05 a-7

cept wheat four) with
mean paruclie diameter
less than 0 0G mm

ti) Wheat flour 075 é 01 ¢ 05 0-7

Note — For materials having mean particle diameters in between §°06 mm and
0'2 mm, the necessary vaiues of angle of wall friction may be obtained by linear
Interpalation

5.4.1 If there is a possibility that the moisture, pgessure increase due to
consolidation, etc, may affect the angle of internal friction ¢ and wall
friction § then these values shall preferably be determined experimentally.

6. ASSESSMENT OF BIN LOADS

6.1 General — There are three types of loads caused by a stored material
in a bin structure ( see Fig. 2 ) :

a) Horizontal load due to horizontal pressure (Py) acting on the
side walls,

b) Vertical load due to vertical pressure ( Py) acting on the cross-
sectional area of the bin filling.

c¢) Friction wall load due to frictional wall pressure ( Py} introduced
into the side walls due to wall friction,

6.1.1 For the purpose of computing bin loads the pressure ratio of
horjzontal to vertical pressure may be assumed as given in Table 3.

6.1.2 In this standard, Janssen’s theory has been used for the assess-
ment of bin loads and the values of A, 8§ and W are assumed to be constant
along the bin height, The theary has been suitably modihed wherever
necessary and with this the structural adequacy and salety are ensured.

12
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Pw o

Fic 2 Bin Loaps

6.1.3 Mass Flow and Funnel Flow Bins — Bins may be designed on the
basis of mass/funnel flow characterisucs of the stored material to ensure
free low of material during emptying. Methods of designing mass How
and funnel Alow bins are given in 1S : 9178 { Part T11 )*,

6.1.4 Loading Conditions for Design — In general the loading cases as
indicated in Table 4 will give the governing design pressures for the most
adverse loading conditions. However these conditions may be affected by
arching, piping and sumilar load increasing phenomena, and the remedial
measures may be adopted to overcome them.

TABLE 4 GOVERNING LOADING CONDITIONS

Loaips GRANULAR MATERTAL PowpeERY MaTeEnian
_ A P R,

———
Finite Depth Infinite Depth Finite Depth  Infinite Deplh

Py Filling Filling Filling Filling
Pn Emptying Emptying Emptying Filling =
Emptving
Pw Emptying Fillmg = Emptying Filling =
Emptying Emptying

6.2 Bin Loads Due to Granular Materials
6.2.1 Normal Filling and Emptying

—

*Crnera for disign of steel bins lor storage of bulh matenials: Part 111 Brs designed
for mass Nlow andd Tunncel Mlow { under preparatinn )

13
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6.2.1.1 Afaximum pressures — The maximum values of the honizontal
pressures on the wall ( Py ), the vertical pressure on the hoiizontal cross
section of the stored material ( Py) and the vertical load transferred to
the wall per unit area due 1o [riction { Py ) shali be calculated as foliows
( see alse Fig 2).

Name of Pressure During Filling Dunng Emplying
Maximum Pg WR WR
Maximum Py ”R WR
l-'-t e
Maximum £ WR WR_
My fe Ae

6.2.1.2 P, and P, cannot be maximum at the same time Hence for
the design of hopper bottom, maximum Py ( during filling ) should be
considered and this value will be the maximum P, at the particular depth
multiplicd by area of cross-section of bin. The maximum Py ( emptying )
shall be calculated when the side walls are 10 be designed ac a particular

depth as.
§ P, = = DWR [(Z—Zoe)(l- ‘"sz)]

If /D ratio is less than or equal to 2, the values shall be:
a) the total weight of stored material when hopper bottom is to be
designed, and
b} the value indicated as Py when side walls are to be designed.
6.2.1.3 Variation of pressure along the depth — The variation of Py, Py

and P, along the depth of the bin may be obtained from the expression
given below ( Fig. 3):

Py (L) = (Py) ax (1 —e7%1%0)
where P stands for pressure and suffix ¢ stands for w, h or v corres-

ponding to the pressure Py, Py or Py respectively and o assumes the
values given below:

Dul‘ing ﬁlling, sz = R!Fl’ Al
During emptying, oo = /e A
Appendix A gives the values of [ 1 — #~Z%iZy ) for different values of

ZiZo Intermediate values may be gbtained with sufficient accuracy by
linear interpolation.

14
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6.3 Bin Loads Due to Powdery Materials

6.3.1 Norma! Fulling and Emptying — Maximum design pressures under
this case shall be computed as specified under 6.2,  Appropriate values of
various design parameters shall be taken from Tables 2 and 3.

6.3.2 Homogenization — In the case ol homogenizing Iin, the fillng
consists of powdery matenals which is circulated by compressed air for
mixing purposes. During homogenization of powdery materials the lateral
and verncal pressures depend upon the volume of the emply space avail.
able in the upper portion of the bin. This may be kept about 40 percent
of the total volume of the bin. The lateral and verucal pressures shali be
calculated wsing the following expression and should not be less than
pressure evaluated as in 6.2.1;

Ph=Py =06WZ

15
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6.3.3 Rapid Filling — During rapid filling-material being filled at a
rate higher than the minimum filhing speed-up to a certain height &, from
the top layer, the upper stored material flows like a fluid. The following
expression may be used for computing the governing lateral pressures
daring rapid filling of a silo with a filling speed »:

Rapid filling { Pp) = 08 W. 2,
where

o= (2 —12) 8
v = actual filling speed, m/h;

o = the mimmum filling speed, m/k; and
¢ = time laps of one hour,

Noi1e — The values of oo shall be taken as loflows:

Matenal to, m/h
Cement 26
Pulverized lime i4
Wheat flour 48

6.3.3.1 Application of the formula given in 6.3.3 is only for materials
filled at a rate more than the minimum filling speed for different materials.
For speeds lesser than the minimum filling speed, the pressures in 6.2 shall
apply. However, when the filling speed exceeds the minimum filling
speed, a check should be made for the maximum pressure duc to rapid
filhng {rom the greater values arrived at according to the formula given
in 6.3.3 and the values given in 6.3.1, 6.3.2, 6.3.4 and 6.6,

6.3.4 Pneumahc Emptying — During pneumatic emptying air under
pressure is blown inside the bin through a number of small holes located
in the bin walls near the bin bottom. This causes fluidization of the
material in the lower portion of the bin and gives rise to higher values of
Py and Py ( both being equal ). The lateral pressures during pneumatic
emptying shall be calculated using the pressure scheme shown in Fig, 4.

6.4 Fermentation Bins — In the fermentation bins the properties of the
material differ from the properties of granular and powdery maternals.
The pressure varies with the content of water in the material and stage of
fermentation process. The loads shall be as given in Table 5.

6.4.1 All fermentation bins shall have clearly visible and permanent
mark indicating the class if silage is to be stored. In addition, class 1 and
2 bins shall be marked to indicate that the bins may only be filled
to halfway mark with silage which is one class wetter. There shall be an
outlet to prevent the liquid from standing higher than 1 m.

16
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Ph (NORMAL FILLING!

2Pa
w

T

0-67Pa
W
Fic. 4 PressurkE ScHEME For PNEUMATIC EMPTYING

TABLE 3 LOADS IN FERMENTATION BINS
( Clause 6 4)

Cr.ass | Crass ? Crasa 3
SILAGF ALREADY Dny S1LAGE WET S1LaR
Viry Dy

Dry mass in percentage by =35 23-35 <23
weight for fresh silage

Critical weight of stored 050 W 075 W 10 W
material in kg/m?3

Phin kgf{m? 010wz 070 W7 10WZ

Py 1n kgf/m? wz Wz W

Py in kgf{m? 016 Py 014 Py 010 Py

6.5 Hopper Slope —— To facilitate easy and continuous flow 1t 15 essential
that the slope of the hopper is as steep as possible. In the case of gravity
flow, it is recommended that the angle made by the hopper wall with the
horizontal (valley angle in the case of squaie and rectangular hopper
bottoms }, shall preferably be 15° more than the angle of mternal frcuon
of the material However the slope should not Le less than 60° to

horizontal.

17
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6.5.1 A nomograph to determine the hopper slope ( valley angle) in
the case of rectanguiar and square hoppers, when the slope of the side walls
are known, is given in Fig. 5,

w
a
m

[-]

o =)
Lo}

T[T <2
i 3

o
Se

~

~

l
o

l_rlTTliIlIIII_I_TIT_IIIII\I\]IIIIT_IIII[I1I

30 30°

Example :
To find valley angle when A = 46° B = G7°, plact straight-cdge so as to cut
46° on A-Scale and 67° on B-Scale. Read off answer
Valley Angle = 43 4° on C-5cale

Note — This chart 1s based on the formula Cot?C = Cut2 + Cot2B
Fic. 5 NomoGrapi FOR VALLEY ANGLES ofF Hoperrs AND CHUTES
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6.6 Effects Causing Increase in Bin Loads

6.6.1 Arching of Stored Malerial — Some stored materials are susceptible
to arching action across the bin walls.  Frequent collapse of such arches
give rise to itncreased vertical pressures. The verucal pressure on the
bottom of the bin storing such matenals shall be assumed as twice the
pressure, Py, calculated as per 6.2.1.1 and 6.2,1.2 subject to a maximum
of V2. However, this increased pressure need not be considered when the
bin 15 so designed to elminate arching.

6.6.2 Eccentric Emptying — Eccentnic emptying of a b gives rise to
increased horizontal loads, non-umformly distributed over the periphery
and extending over the full height of the bin. Eccentric outlets in bins
shall be avoided as far as possible, and, where theyv have o be prowided
to meet functional requirements, due consideration shall be given in design
to the inc1eased pressure experienced by the walls. Unless determined by
nvestigation the mcreased pressure may be calculated as given in 6.6.2.1.
This increased pressure shall be considered, for the purpose of design, to
be acting both on the wall nearer to the outlet as weli as en the wall on
the opposite side.

6.6.2.1 The additional pressure Py’ shall be censidered Lo act (or the
full height of the bin and 15 obtained from the following formula:

Py = P, — Py

wlere

Py = Pressure obtained on the wall of the bin mmagined to be
enlarged 1n plan so as to mahe the eccentnic opening
concentric, and

P\, = Horizontal pressure on the wall due to stored material.

Py; and P, shall be obtained in conformity with 6.2.1.

6.6.2.2 The enlarged shape of the bin which s required for the

purpose of computation of the pressure P, shall be obtained as shown 1n
Iig. 6.

6.6.2.3 The cllcct of eccentric outlets may be ignoared m design if

the eccentnicity s less than &6 or the height ol the bin 1s not greater than
2 d.

6.6.3 Aerction of Stered Muaterial — When Lins are provided with equip-
ment for ventluting the bin hlling at rest, a disuncuon shall be made
between bins for granular material and bins for powdery matenal.

15
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6.6.3.1 When the material is granular an increase in the horizontal
pressure is to be expected. Therefore, the horizontal pressure /%, as
calculated from 6.2.1.1, for filling is to be increased by the inlet pressure
of the air over the portion of the height of the bin 1n which the wr inlets
are located. From the level of the highest inlet upwards, this increase
in pressure may be tapered off umiformly down 10 se10 at the top

of the bin.

6.6.3.2 For powdery materials the investigations made so lar do not
indicate any significant increases in load when ventilating.

6.6.3.3 Bins for storage of powdery materials are often equipped with
devices for pneumatic emptying and these bring about a loosening of the
bin filling in the region of the outlet. In this case also, no sigmificant
increases 1n load due to the air supply have so [ar been detected

6.7 Effects Causing Decrease in the Bin Loads

6.7.1 Bin Botiom — In view of the load reducing effect of the bin
bottom, the horizontal pressure durin_g emptying mav he reduced up to a
height 1'2 d or 0-75 h whicheveris smaller from the bmn botiom. ‘Lhis
may be considered as varying linearly from the emptying presure at thus
height to the filling pressure at the bin bottom ( see alse Fig. 31

6.7.2 Special Unloading Detices — If a bin is fitted wrth an unloading
device which allows anly the topmost material at any tune 4 be with-
drawn ( while the layers below temain at rest ) there 1s no noed 10 (ake
into account the excess pressure during emptying.

7. FLOW CORRECTING DEVICES

7.1 Flow correcting devices are provided to ensure fiee ard continuous
flow and to reduce or eliminate the excess pressure during emptying

7.2 Insert type of flow correcting device is usually used in existing installa-
tions with hoppers (rom which funnel flow takes place and which needs to
be converied into a mass flow hopper ar to reduce tendcney to form stable
arches or pipes. Flow-corrective inserts help to crease the hve storage
capacity and to reduce segregation problems in bins having hoppers with
funnel flow,

7.2.1 Insert type of flow correcting device may be used to correct two
types of flow problems A large insert 1s placed {see Fig 7\ near the
transition between the bin and hopper to cause mass flow in the verucal
bin position. A small insert is placed ( see Fig 7B ) ncar the hopper outlet
10 ehminate piping ( rat-holing ) and arching ol bulk solids

21
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|~ INSERT—.__

TA 7B

Fic. 7 TyricaL DeTAILS OF INSERTS TO FLow CORRECTION
AND EmMpTvING LOAD

7.2.2 The influence of the wnsert on the flow of matenals and on the
structural stabihty of the bin wall should be considered while designin« the
bins. The performance of the inserts and their influence on the material
flow depend on the stored material and the geometry o! the bin and
hopper and should be experimentally investigated. The support of the
insert should not obstruct the flow but at the same time should not fail
under the loads that are applied to it. As a guide the diameter § of the
insert bottom shall not be less than three times the annular width 8 ( see

Fig 8).

7.2.3 The material remaiming in the bin for a period of time may result
in the formauon of arches in the region of insert, and may require to be
vibrated to inttiate the flow  The nsert should, therefore, be so design-
ed as 1o ensure all round flow.

7.3 Poking devices may be incorporated 10 the bins for ensuring proper
flow Poking may be manual, pneumatic with steam or using any suitable
mechanical means hike vibrators,

22
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INSERT

Fio. 8 Skercu SxowlING INFLUENGE oF INSERT ON THE
Frow oF MATERIAL

8. MATERIAL HANDLING SYSTEM

8.1 Since the material handling system has an effect on the design of bins
some details are given for information in Appendix B.

APPENDIX A
( Clause 6.2.1.3 )

VALUES OF {1_,—Z/7,)

s Vwe=Zi& KU 1= G 1--Z% I 1-e=3I0

{01 0-010

{4-56 0-429 I-11 0670 166 081
002 0-020 4 57 0435 112 0674 167 03812
0 0030 058 4 440 1-13 0 537 168 0814
10 (PR3} 059 0 440 114 0 680 169 0815
002 004y 060 0151 113 0683 170 0 817

{ Conlinued )
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<I3e

0 0n
Q07
aa4
¢ 09
010
01
012
013
01t
{315

1e=Zido o 1-e=Z1 Ko 1=K U 1-e—3U0
1 (158 061 0 457 1'16 0687 1'71 0 819
(0 Oiyfh O L2 0 462 117 o 680 1 72 0 82t
aa77 63 0 467 i 18 0 693 173 0823
0 U806 0 G4 0473 119 0 »96 1-74 0824
009 065 0 478 120 0 699 175 0326
0104 0 66 () 483 121 0-702 176 0 828
TRRE] 067 0 488 122 0 705 177 0 830
0122 0 68 0 493 123 (708 178 0-831
0141 069 04498 124 0711 179 0 833
airm 0O 7 0 503 125 0713 1890 0 835
(+ 144 071 {} 508 126 0716 j 81 0 836
(F 156 072 {1512 127 0720 182 0838
(+ 165 079 0518 128 0-722 1 83 0-840
0173 074 0 523 129 0-725 1 84 0-841
0181 073 0 528 1 30 0727 1 85 0 843
(140 076 0 532 131 0730 1 86 0 814
0 1ag 077 0 537 132 0733 1 87 0 846
0 205 078 0 542 133 0 735 1'88 ¢ 847
213 79 D 546 132 N 738 1 89 0:849
0211 0 80 0 5] 135 0741 190 0 B30
{224 08l 1) 555 1 36 0743 191 0852
0237 [y B2 0 560 137 0746 192 0833
0ett 0 a3 0a0d 138 g7 193 (} 855
U 2y2 084 { 58 139 0 751 1 94 0 856
00 i 85 0 573 1 40 723 1 45 0 857
0 247 0 86 0 577 141 0 756 196 0 859
027t U 87 0 581 142 0-758 197 0 861
251 (TIEH; 0 585 143 0761 198 0 662
(I o449 ) 589 144 ¢ 763 199 0-863
{205 (TR} 0 543 145 + 765 200 ( 865
i 302 09 0 597 1-46 0 768 205 0871
(TER{IR] 0 9z 0 601 | 47 (770 210 0873
(VIR 093 0 603 148 0772 215 0 883
0 323 0 Y4 0 G609 149 0775 220 0 889
TRE! 95 0-613 150 0777 225 0 895
06 () 86 0617 151 0-77% 210 0 900
(413 097 0621 152 0781 2135 0 905
0 3449 0 498 0625 1-:53 0 784 240 0 909
356 095 D028 154 0 786 245 0914
0 W2 100 0 632 155 {y 788 2 50 0918
0 3 [ 01 0 6in 1 56 U 74 255 g 922
U 375 102 063y 157 fy 7u2 7 60 0 Y26
{381 103 0643 158 074 265 0929
0 347 1 04 0 (46 | 59 0 71, 270 {033
0 393 105 0 551 160 0 79 275 0 936
ENY 100 1653 161 04 2 30 0 939
TR 1 07 0 657 162 0 HO2 2 85 0 941
0111 104 U Gi0 163 0 tid 290 0 945
(H 109 0 oud 164 0 806 295 0 943
U423 114 U ub? 106D 0 sug 300 (} 950
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APPENDIX B
( Clause 8.1)

MATERIAL HANDLING SYSTEM

B-1. The purpose of providing material handling facilities in bins is to
make the necessary arrangement for filling and emptymg the material.
This has influence in both Jayout and design of bunkers in that the load-
ing and unloading arrangements have to be considered in the design.

The main equipments used for filling/emptying the bins are:
a) Belt conveyor
b) Bucket elevator

¢) Screw conveyor
d) Pneumatic elevator { pumping )

B-2. Many of the equipment mentioned above require to be supported
over the bunker with a sutable opening on the cover of the bunker. The
additional load thus transmitted to the bunker or its supporting beams
should be considered {or design.

B-3. Bins should be provided with bunker columns for proper discharging
of the materials. The arrangement may include the simple devices hke
cast iron box with sliding doors operated by hand, by bell-crank levers or
by power or rotary valves or discharge gates or by pneumatic methods,
The load of the column and the arrangement of 1ts connection should be
comsidered while designing bunkers and their supporting frame.
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