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OZET

Bu makale, madencilik endiistrisinde malzeme naklinin bazi konula-
rint incelemektedir. Silolar, serbest yigmlar, yeralti depolama ve malzeme
yollart gibi malzeme depolama sistemlerinin dizayni1 gozden gecirilmekte
ve guvenilir bosaltma akisi saglayacak besleyici dizayni ile ilgili hususlar
verilmektedir. Depolama silolarmin duvarlarinda, statik ve akis halindeki
gerilim alanlarinin olusturdugu, ytikleme anlatilmaktadir. Kullanilan ekip-
manda olusan asinma problemleri kisaca anlatilmaktadir.

ABSTRACT

This paper reviews various aspects of bulk materials handling in the
mining industry. An overview of bulk storage systems design, including
bins and silos, gravity reclaim stockpiles, underground storage facilites
and ore passes, is presented and aspects of feeder design for reliable
discharge flow is given. The loadings in wall of storage bins is discussed in
relation to stress fields under both static and flow conditions. Problems of
wear in handling plant are briefly discussed.
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1. INTRODUCTION

Bulk materias handling operations perform a key function in the mining and minerd
processing industries. In such industries the relative costs of storing, handling and
trangporting bulk materias are, in the mgority of cases, very sgnificant. It isimportant,
therefore, that handling systems be designed and operated with a view to achieving
maximum effidency and rdiability.

Over the past three decades much progress has been madein thetheory and practice of
bulk solids handling. Reliable test procedures for determining the strength and flow
properties of bulk solids have been developed and analytica methods have been
edtablished to aid the design of bulk solids storage and discharge equipment. There has
been wide acceptance by indudtry of this technology and, as aresult, there are numerous
examples throughout the world of modern industrid bulk solids handling ingtallations
which reflect the technological developments that have taken place. The purpose of this
paper isto briefly highlight the present state of knowledge associated with bulk handling.

2. GRAVITY FLOW BIN DESGN - BASC CONCEPTS

The generd theory pertaining to gravity flow of bulk solidsis fully documented. The
sdient aspects are briefly reviewed. Asis now well established, there are two basic modes
of flow, namdy, massflow and funnd-flow. These areillugrated in Figure 1.
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Figure 1. Modes of How

In massflow, the bulk solid is in motion at every point within the bin whenever
materia is drawn from the outlet. There is flow of bulk solid dong the walls of the
cylinder (the upper paralld section of the bin) and the hopper (the lower tapered section of
the bin). Massflow guarantees complete discharge of the bin contents a predictable flow
rates. Itisa'firg-in, firg-out' flow pattern with the ability to re-mix the bulk solid during
discharge should the solid become segregated upon filling of the bin. Massflow requires



steep, smooth hopper surfaces and no abrupt trangtions or inflowing valleys. Mass-
flow bins are classfied according to the hopper shape and associated flow pattern. The
two main hopper types are conical hoppers which operate with axi-symmetric flow and
wedged-shaped or chisdl-shaped hoppers in which plane-flow occurs. In plane-flow
bins, the hopper haf-angle awill usualy be, on average, gpproximately 8° to 10° larger
then the corresponding value for axi-symmetric binswith conical hoppers.

Funne-flow occurs when the hopper is not stleeply doped and the walls of the hopper
are not aufficiently smooth. In this case, the bulk solid doughs off the top surface and
fdls through the vertica flow channd that forms above the opening. Flow is generdly
erratic and gives rise to sagregation problems. How will continue until the level of the
bulk solid in the bin drops an amount HD equd to the draw-down. At thisleve, the bulk
drength of the contained materid is sufficdent to sugtain a gable rathole of diameter Df as
illugtrated in Figure 1(b). Oncethe level defined by HD isreached, there is no further flow
and the material bdow thisleve represents'dead’ Storage.

For complete discharge, the bin opening needsto be at least equd to the criticd rathole
dimension determined a the bottom of the bin corresponding to the bulk drength at this
level. However, for many cohesive bulk solids and for the norma consolidation heads
occurring in practice, ratholes meesuring severd metres are often determined. This makes
funnd-flow impracticable. Funnd-flow is a ‘fird-in lagt-out' flow pattern which is
unsatisfactory for bulk solids that degrade with time. It is aso unsatisfactory for fine bulk
solidswhich may aerate, giving rise to flooding problems or uncontrolled discharge.

Figure 2. Expanded How

The disadvantages of funnd-flow are overcome by die use of expanded-flow, as
illugtrated in Figure 2. This combines the wal protection of funnd-flow with the reliable
discharge of massflow. Expanded-flow isided where large tonnages of bulk solid areto
be stored. For complete discharge, the dimengion at die trangition of the funnd-flow and
mass-flow sections mugt be at least equd to the critical rathole dimension at thet level.
Expanded-flow bins are particularly suitable for storing large quantities of bulk solids
while maintaining acceptable heed heights. They are quite effective for multiple outlets.
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The massflow and funnd-flow limits are based on the assumption that aradial stress
field exigsin the hopper (ENIKE 1964). The limits depend on the hopper hdf-angle a,
the effective angle of internd friction 8 and the wdl friction angle $. Once 5 and § have
been determined by laboratory tests, the hopper haf-angle may be sdlected. The bounds
for conical and plane-flow hoppers are plotted for three values of 5 in Figure 3. In the
case of conica or axi-symmetric hoppers, it is recommended that the haf-angle be chosen
to be 3° less than the limiting value. For plane-flow, the bounds are much less critical and
the design limit may be selected.
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Figure 3. Limits for Massflow for Conica and Plane-Flow Channels
Bascdly the am in massflow design is to determine the hopper geometry to give
religble flow. Primarily, the requirement is to determine the hopper hdf angle a and
opening dimenson B to give the required flow rate without acohesive arch forming.
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Figure 4. Critica Opening Dimendon BCR as a Function of Moisture Content for
Three Cod Samples - Stainless Stied 304-2B Lining
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Undisturbed storage time and changes in moisture content can significantly influence
the unconfined yield strength of the bulk solids. By way of illustration, the critical hopper
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opening dimension B for three Audrdian coals plotted as a function of moisture content
are shown in Figure 4 (ROBERTS 1991,92). This figure shows three coa samples,
Sample (1) being aRaw Open Cut Cod, Sample (2) awashed version of (1) and Sample
(3), ablend of (2). The high strength of the raw, unwashed cod is clearly evident.

Experience has shown that the pesk bulk strength of cod may occur at a moisture content
somewhere between 70% and 90% of the saturation limit.

3. BIN WALL LOADS

Bin wall loads are directly related to the flow pattern developed in the bin. In mass-
flow bins, the pressures acting normd to bin wals vary from the datic or filling
conditions to the dynamic or flow conditions. The pressure distributions are wel defined
and, using current theories (ROBERTS 1992) may be predicted with confidence. Itisto
be noted that in the flow Stuation a high switch stress occurs at the trangition where the
tapered hopper joins the upper pardld or cylindrical section of the bin. The magnitude of
this switch dtress is several times the corresponding static value.  Further, the wall
pressures acting in the cylindrica section during flow may be higher than the Setic values.
For aperfectly pardld cylinder, the wall pressures during flow would be the same as the
datic values. However, when imperfections such as weld projections or plate shrinkage
give riseto flow convergences, pesk stresses occur. The stresses are taken into account
by computing the locus of al such possible pesk pressures.

Figure 5. Circumferentid Pressure Variation due to Operaion of One Eccentric Outlet
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In the case of symmetricd funnd-flow bins, wall pressures may be determined with a
high degree of confidence. However, wall loadings in bins with multiple outlets and
eccentric discharge points are far more difficult to estimate. Under eccentric discharge, the
walls are subject to bending stressesin addition to hoop stresses.

In recent years there has been condgderable activity in severd countries of the world in
the development of new or revised codes for bin wal loads. Of particular note is the new
Augrdian Standard "AS-3774-1990 L oads for Bulk Solids Containers', which presentsa
comprehensive review of the loads acting in bin and silo walls under the full range of
operating conditions likely to occur in practice. Asan example, Figure 5 shows the wall
loadings determined on the basis of this new Standard for alarge cod bin having seven
outlets; the pressure profiles correspond to one possible mode of discharge involving the
operation of one eccentric outlet only.

4. FEEDING OF BULK SOLIDS

In generdl, afeeder is adevice usad to control the flow of bulk solids from a bin.
While there are severd types of feeders commonly used, it is essentid that they be
selected to auit the particular bulk solid and the range of feed rates required. It is
particularly important that the hopper and feeder be designed as an integrd unit so asto
ensure that the flow from the hopper is fully developed with uniform draw of materid
from the entire hopper outlet.
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Figure 6. Bdt and Apron Feeder

For example, in the case of abelt or goron feeder, a tapered opening is required as
illugtrated in Figure 6. The use of vertica triangular plates in the hopper bottom are an
effective way to achieve the required taper. The gate on the front of the feeder is used
only for flow trimming and not for controlling the flow rate. The height of the gate is
adjugted to give the required rdlease angley to achieve uniform draw dongthe slot Once
correctly adjusted, the gate is then fixed in position and the feed rate is controlled by
varying the speed of the feeder.



In the case of vibratory feeders, there is a tendency for feed to occur preferentidly
from the front. It isrecommended, therefore, that the dope angle of the front face of the
hopper be increased by 5° to 8°. Alternatively, the lining surface of the front face in the
region of the outlet may sdected 0 asto have a higher friction angle than the other faces.
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Figure 7. Load Varidions on a Feeder

The determination of feeder |oads and drive powers requires a knowledge of the stress
fields generated in the hopper during the initid filling condition and during discharge.
Under filling conditions, a pesked stress fidd is generated throughout the entire bin as
illugtrated in Figure 7. Once flow is initiated, an arched dress fidd is generated in the
hopper and a much greater proportion of the bin load is supported by the hopper walls.
Consequently, the load acting on the feeder substantiadly reduces as shown in Figure 7.
It is quite common for the load acting on the feeder under flow conditions to be in die
order of 20% of theinitial load. The arched dtressfidd is quite stable and is maintained
even if the flow is stopped. This means that once flow isinitiated and then the feeder is
sopped while the bin is ill full, the arched dress fidd is retained and the load on the
feeder remains at the reduced value. The subject of feeder loads is discussed in some
detall in the literature (ROBERTS et d 1984,92).

The loads on feeders and the torque during start-up may be controlled by ensuring
that an arched dress fidd fully or partidly exists in the hopper just prior to starting. This
may be achieved by such procedures as.

. Cushioning in the hopper, that is leaving a quantity of material in the hopper as
buffer sorage.
. Starting the feader under the empty hopper before filling commences.
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. Raidgng the feeder up againg the hopper bottom during filling and then lowering to
the operating dearance prior to Sarting.

5. GRAVITY RECLAIM STOCKPILES

Gravity reclaim stockpiles, when properly designed, operate under expanded-flow, as
illustrated in Figure 8 (ROBERTS and TEO 1989, 90). Discharge will take place by
funnd-flow in the main body of the stockpile, with the flow expanded through the mass-
flow hopper. In this way, rdigble flow to the feeder is assured. Flow will continue until
the draw-down head ho is reached; flow then ceases as a stable pipe or rathole is formed.
The draw-down is consstent with critical rathole dimension Df which forms at the draw-
down level. The shape of the rathole depends on the consolidation conditions within the
stockpile, the particle or lump size range of the ored bulk solid and the moisture content.

Complete draw-down, as illugtrated in Figure 8, corresponds to the critical rathole
dimension Df, at the base of the stockpile. For complete draw-down to occur, it is
necessary for the diagona dimension of the hopper trangtion to be & least equd to Df,
Since values of Df,, may be saverd metres, complete draw-down is often not practical.
For this reason, the design of stockpile reclam hopper and feeder systems requires
consideration of the various options available with a view to optimising the reclam
performance within specified practical and economic limits.
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Figure 8. Draw-Down in Stockpile

The use of multiple hopper sysemsto obtain intersection of the flow channds permits
good reclaim performance to be achieved. By employing the modelling capabilities of
CAD sygtems together with the measured flow properties of the bulk solid, the reclaim
performance of stockpiles of varying shapes can be readily examined. As anillugtration,
atypica 3-dimensond mode of an iron ore sockpile isillustrated in Figure 9. Careful
sdection of the reclaim hopper gpacing permits optimum live cgpacity to be assured.
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Figure 10. L oads on Stockpile Feeders

The loads on reclaim hoppers and feeders and the corresponding power to drive the
feeders varies from the "initid " to the "flow" condition as discussed in Section 4. The
loads are illustrated in Figure 10. The initid load occurs when the stockpile or crater
above the feeder isfilled. The surcharge load Qs depends on the consolidation condition in
the stockpile . The worst case corresponds to the hydrodtatic pressure. However, if a
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rathole has been pre-formed, then the surcharge load will be reduced. When an arched or
flow stressed field has been formed within the mass-flow redaim hopper, die load on the
feader will be greatly reduced and isindependent of the head.

6. DESIGN OF UNDERGROUND BINS AND ORE PASSES

The concepts of bin and stockpile design may be readily applied to underground bins
and ore passes. By way of illugtration, a case sudy example is presented (SCOTT and
CHOULES 1991) which refers to an upgrade of a copper minelocated in Irian Jaya. A
maor rearrangement of the ore handling was proposed. This included very large
underground ore bins, associated ore passes and conveyor systems.
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Figure 11. Generd Arrangement of Underground Bin and Feeder.

The concept involved up to nine binswith initialy proposed cross sections ranging to
17mto 7m excavated as enormous cavernsto 70m high each with apotentia total capacity
in excessof 15 AOOT and live capacity of 8500T. These storage bins with vertical infeed
ore passes to 450m height and associated crushing and conveyor systems would help
overcome dependency on an overhead cableway sysem that transported al ore from the
mine a 3700 metres eevation to the mill site stockpile at 2700 metres. Additionaly the



upgrade would dlow for increased mine output and development of ore reserves. The
proposad overdl annud throughput isin the order of 18 MT.

While there are numerous instances of underground ore bins in use throughout the
world, the scae of the proposed bins and their remote location in an area of very high
rainfal ingpired a degree of caution in the design. With an average daily rainfdl of 19mm
the possibility of mgor water ingress into the ore stream or directly into the bin via
aquifers was aposshility to be addressed. Prediction of the behaviour of the ore under
these circumstances and of possible extreme load cases for the bin and associated
equipment if filled with ssturated ore had to be prepared.

Paramount at al times was the need to prepare a design which would provide rdiable
flow of ore under al circumstances while having the necessary sructura integrity.
Experience at the dite suggested that the ore was a times difficult to handle. Blockagesin
the reclaim area of the mill feed stockpiles were not uncommon while underground stope
draw points and dump locations had a long history of obgtructions requiring in some
cases continuing manud intervention to maintain flow. Figure 11 illustrates schematicaly
the generd arrangement of the underground bin that was proposed for thisingallation.

7. WEAR IN HANDLING PLANT

The performance of hoppers, feeders and chutes depends grestly on friction a the
boundary surface. There are agrest many lining materials on the market, and while cost
isadggnificant congderation, it is mos important thet the lining materid be sdlected on the
basis of service life and performance. Factors to be consdered include:
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Figure 12. Wear with Bauxite
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Research a the University of Newcastle, Australia, (ROBERTS et d 1988), has
focused attention on this subject. A specid aorasive wear tester has been deve oped and
this dlows ready comparisons to be made of various lining materids to it a particular
bulk solid. Thisis illustrated by a typica set of test results in Figure 12. From this
information, absolute weer life can be predicted.

10. CONCLUDING REMARKS

An overview of the storage, flow and handling of bulk solids in relation to the mining
industry have been presented. Thereis no doubt that Sgnificant advances have been made
in research and development associated with bulk handling systems. It is gratifying,
therefore, to acknowledge the increasing industrid awareness and acceptance throughout
the world of modern bulk materias handling testing and plant design procedures.

It isrecognised that indudtria plant and processes continue to become more sophidticated,
the demands for better quality control become more stringent and both national and
international competition requires more efficient and cog-effective performance. This
reinforces the need for ongoing research and development.
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