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PREFACE

This Standard was prepared by the Standards Australia Committee, MN-001, Coal and
Coke, to supersede AS 3880—1991, Bin flow properties of coal.

The objective of this Standard is to provide laboratory techniques that allow comparison of
handleability of different coals. It also seeks to identify the interface between reliable flow
and possible limiting or no flow conditions at various critical locations such as bin outlets
or chutes. It outlines a series of three tests to identify the flow material characteristics in
instantaneous condition and after time storage, depending on specific design requirements:

(a) Test 1: Measurement of yield locus. This test permits determination of the stress
necessary to shear a coal under a given load.

(b) Test 2: Measurement of wall yield locus. This test concerns the determination of the
rate of shear of coal interfacing with a wall lining material.

(c) Test 3: Bulk density test. This consists in measuring the compressibility of a coal
under various consolidation loads.

Although the emphasis of this Standard is on the determination of flow properties in
instantaneous conditions, a method is given for determination of flow properties with time
consolidation to simulate conditions during storage. This is of particular importance for
those materials whose cohesive strength may change after rest. Further tests can be carried
out to determine flow properties at different temperatures and under known vibration
conditions using the test equipment described in this Standard. While those tests are
mentioned for information purpose, they do not form part of this Standard.

While the laboratory techniques presented in this revision are fundamentally the same as in
AS 3880—1991 edition, this revision includes more details on the equipment design and
set-up. This aims to allow for all Jenike type shear cells to be similar and the scattering in
the results obtained from different labs to be reduced. Another focus of the revision has
been to clarify the test procedure. While particular attention has been given to include all
details relevant to achieve best repeatability between two similar tests and between labs, it
is acknowledged that a certain divergence between results will always remain.

It is recognized that the material presented in this Standard represents a lengthy and
complex laboratory procedure that could not yet be successfully simplified despite major
research effort. Experience has shown that the level of qualification and experience of the
personnel practicing the tests have a significant impact on the quality and meaning of the
results. While no certification is required to carry out the test, it is strongly recommended
that only suitable, competent and properly trained personnel be engaged for both the tests
and material preparation. In fact, due to high dependency between flow properties and
moisture content, the reliability of the test results also largely depends on material
preparation and handling.

Some coals or other particulate materials may fail to give meaningful results with the Jenike
type shear cell. This is because they do not reach the critical consolidation state required for
the measurements. It cannot be predicted ahead of the test whether a material can be tested
with the Jenike shear cell or not. If not, different tests are required to assess suitable design
criteria.

The term ‘informative’ has been used in this Standard to define the application of the
appendix to which it applies. An ‘informative’ appendix is only for information and
guidance.
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STANDARDS AUSTRALIA

Australian Standard
Flow properties of coal

SECTION 1 SCOPE AND GENERAL

1.1 SCOPE

This Standard sets out a series of tests to characterize the flow properties of coal as the
basis for designing equipment to achieve reliable flow at the desired flowrate. Not all the
tests described have to be carried out on a material. The selection of the relevant tests
depends on the information sought:

(a) Test 1: Yield locus, covers the measurement of the stress necessary to shear a coal
under a given load. From this, the coal flow function can be established, which gives
indication of the material cohesive strength. This test also gives output of material
characteristics such as internal friction angle, which are required for design
calculations and computer simulation purpose.

(b) Test2: Wall yield locus, consists of determining the angle of wall friction that
describes the interactions between a coal and a selected wall material.

(c) Test3: Bulk density, describes the determination of coal bulk density and
compressibility. The bulk density is of particular relevance in assessing the flow
properties of a bulk material as often, the cohesive strength of a material will depend
on its consolidation state reflected by its bulk density.

This Standard is nominally for coal. However, the principles and apparatus may be used for
coke and other semi-cohesive particulate materials when a knowledge of flow properties is
required.

This Standard also provides some guidance on the presentation of the test results for
analysis and design. However, it does not cover the application of the results to industrial
design.

NOTE: Appendix A for more information on application of flow properties results.

1.2 REFERENCED DOCUMENTS

The following documents are referred to in this Standard:

AS

1038 Methods for the analysis and testing of coal and coke

1038.1 Part 1: Coal and coke—Analysis and testing—Higher rank coal—Total
moisture

3774 Loads on bulk solids container

3881 Higher rank coal—Size analysis

ISO

13909 Hard coal and coke—Mechanical sampling (series)
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1.3 DEFINITIONS
For the purpose of this Standard, the definitions below apply.
1.3.1 Bulk density

The mass of a sample of particulate solid, including moisture, divided by its total volume.

NOTE: The level of consolidation stress is critical to any measurement of bulk density.
1.3.2 Bulk material
Semi-cohesive particulate material, such as coal and other minerals.
1.3.3 Cohesion

The shear stress at yield under zero normal stress.
NOTE: This parameter is not normally quantified.

1.3.4 Consolidation

The process of permanent volume reduction of a bulk material by application of a
consolidating stress.

1.3.5 Ciritical consolidation (in a shear cell)

The state existing in a bulk sample within a shear cell when the cell stem travel becomes
independent of applied shear force.

NOTE: Under these conditions, the bulk material is deforming without change in voidage. The
material is said to be in its critical state.

1.3.6 Effective angle of internal friction

The angle with the horizontal axis of a line through the origin and tangent to the Mohr
circle through the end point of the yield locus (see Figure 5).

NOTE: The line through the origin is called the effective yield locus.
1.3.7 Flow functions—instantaneous (FF)

For a given bulk material, a plot of the unconfined yield strength o. versus the major
consolidating stress, values being obtained from the yield loci.

NOTE: This is a measure of the bulk strength or flowability of a bulk material, in a de-aerated
state, when first loaded into a bin or consolidated in a shear cell.

1.3.8 Flow function, time storage

For a given bulk material, a measure of the increase in unconfined yield strength of material
subjected to standard consolidation conditions for a standard duration, usually 48 h.

1.3.9 Kinematic angle of internal friction

The angle at which the instantaneous yield locus intersects the small Mohr circle defining
the unconfined yield strength.

1.3.10 Major consolidating stress

The stress given by the Mohr circle passing through the end point of the instantaneous yield
locus and the tangent to the locus (see Figure 5).

1.3.11 Shear apparatus

Equipment for subjecting the material under test to shear deformation under conditions of
controlled normal stress.

1.3.12 Unconfined yield strength

The principal stress at an unconfined surface under which an applied stress of equal or
greater magnitude tangential to the surface will cause yielding of the bulk materialDocumentS
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1.3.13 Voidage or voids ratio

The volume of the voids within a quantity of bulk material, divided by total volume (voids
plus solids).

1.3.14 Yield locus, instantaneous (IYL)

The shear stress versus normal stress curve for plastic failure of an over-consolidated bulk
material of given initial voidage; this defines conditions when material flow commences.

1.3.15 Yield locus, time (TYL)

The shear stress versus normal stress curve for plastic failure of a bulk material after being
held at rest under a standard stress for a given duration.

1.3.16 Yield locus, wall (WYL)

The locus of shear stress versus applied normal stress on a sample of bulk material moving
in contact with a boundary surface or wall. It is the angle determined by the shear and
normal stress shown in Figure 8.

1.4 NOTATION

The following quantity symbols are used in this Standard:

Acen Cross-sectional area of the cell, in mm?

g Standard acceleration dur to gravity, in m/s’

h Compacted height, in bulk density test, in mm

i Subscript referring to one increment, i.e. one consolidation stress

j Subscript referring to one given shear normal stress on one yield locus, i.e. for

one given shear consolidation stress
Mcone Mass of the empty cone in the saturated drained moisture content test, in kg

Mdrained  Mass of the cone filled with wet material once the water has been drained but
before the material starts drying in the saturated drained moisture content test,
in kg

Mmeull Mass of the cone filled with test material in the saturated drained moisture
content test, in kg

Mh Mass of the weight hanger or carrier, in kg

m; Mass of the lid in the bulk density test, in kg

My Weights used in the wall friction test and/or bulk density test, in kg

oi Vertical stress due to total vertical load applied at the shear plane during

‘sample shear’ phase of the shear test, in N/mm?

ON Vertical stress due to the mass applied to the shear lid during the ‘sample shear’
phase of shear test, in N/mm?

Os Vertical stress due to total vertical load applied at shear plane during the ‘shear
consolidation’ phase of shear test, in N/mm?

O'shear Vertical stress due to the mass of the shear lid, shear ring and bulk solid above
the shear plane, i.e. contained within the shear ring, in n/mm?

ot Vertical stress due to the mass applied to the twisting lid during the
‘preconsolidation’ phase of the shear test, in N/mm?
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Oy Vertical stress due to the mass applied to the shear lid during the ‘shear
consolidation’ phase of the shear test, in N/mm?
Ow Vertical stress applied in the wall friction test, in N/mm?
00 Vertical stress due to the mass of the shear lid, shear ring and bulk solid
contained within the shear ring in the wall shear tests, in N/mm?
01,0 Vertical stress due to the mass of the lid in the bulk density tests, in N/mm?
o1,1 Vertical stress due to the mass of both the lid and weight hanger in the bulk
density tests, in N/mm?
G Unconfined yield strength (or stress) of a bulk solid, in N/mm?
(o] Major consolidation stress of a bulk solid, in N/mm?
Pb Bulk density, in kg/m’
Ti Measured stress at failure occurring during shear test, in N/mm?
Tiprorated A corrected value of 7; obtained using Equation 7.4(1), in N/mm?
Ts Steady-state shear stress during the ‘shear consolidation’ phase of shear test, in
N/mm?
Tsselected The value of 7y selected for a particular level of consolidation, and used for
prorating 7; values, in N/mm?
Tw Steady shear stress obtained in the wall friction test, in N/mm?
Documents
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SECTION 2 SAMPLING

2.1 GENERAL

This Section covers the sampling and preparation of the material sample for all three tests
described in this Standard.

2.2 SAMPLE PREPARATION
2.2.1 Sample top size

Flow property measurements are carried out on the natural minus 4 mm fraction of a
representative sample of the material to be handled. After drying, the sample shall be sieved
according to the method set out in AS 3881 to separate the minus 4 mm fraction from larger
material. All tests shall be carried out on the minus 4 mm material occurring naturally in the
sample. Care shall be taken at all stages of sampling, sample handling and testing to prevent
undue breakage into fine particles.
NOTE: Because testing of flow properties is carried out in small sized apparatus, only the finer
fraction of the coal can be tested. Since, however, it is the fines that show the poorest flow
characteristics, the results are somewhat conservative on average but reflect the worst case
conditions likely to be met in practice. It is important to note that the flow of a material with a
large fraction of fines is governed by the properties of the fines.

2.2.2 Sample size

The sample for testing shall be prepared by the methods given in the ISO 13909 series.
Sufficient sample shall be taken to yield 1 kg of minus 4 mm material after screening. If,
however, time-delayed tests are also to be carried out, sufficient sample to yield 5 kg of
minus 4 mm material is required.

2.2.3 Sample division

When necessary, the sample shall be divided by riffling or mechanical sample division to
provide the required quantity for analysis. Dust loss and size degradation shall be
minimized.

2.2.4 Moisture content

The test sample shall be at the nominated moisture level. The moisture content of the full
size bulk sample and minus 4 mm test sample shall be measured before and after flow
property testing, in accordance with AS 1038.1, and should not vary by more than 0.5% on
a mass basis. Samples shall be stored in sealed containers or similar to maintain moisture
content. The moisture content of the minus 4 mm in relation to the full size sample shall be
determined and recorded on the results sheet (see Clause 4.9).

NOTES:

1 For design purpose, the sample should be in that state that reflects its condition during
handling. Thus, the sample should be adjusted if needed, for instance by increasing or
decreasing its moisture content. When design is to be realized for the most difficult flow
conditions, it is recommended to determine the ‘worst case moisture content’, i.e. the
moisture content leading to the worst flow properties. A method to determine the ‘worst case
condition’ based on drained saturated moisture is given in Appendix B.

2 While the flow property results are based on the minus 4 mm size fraction, to be meaningful,
the results need to be applied to the actual full size variation of the coal being handled.
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SECTION 3 APPARATUS

3.1 GENERAL

This Section describes the apparatus to be used to determine both the yield locus and wall
yield locus.

3.2 TESTER

A Jenikel-type, direct shear tester, shall be used. Depending on the test, the shear tester
will be used in a configuration allowing either determination of yield locus or wall yield
locus. For both tests, provision shall be made for a system permitting continuous display
and recording of shear/deformation.

The following equipment shall be used:

(a) A fixed base ring (for determination of yield locus) or sample of wall material
(for determination of wall yield locus) on a stable and level frame.

(b)  Shear ring.

(c) Moulding ring.

(d) Twisting lid, twisting wrench.
(e)  Shear lid.

(f)  Weight carrier and weights or alternative system allowing application of a defined
stress in the centre of the shear cell.

(g) Spoon, scraper and brush.

Further, a force transducer or load cell with amplifier and recording device, and a
measuring stem driven by a motor allowing a constant stem speed of 2.3 £0.2 mm/min will
be necessary.

Figure 1 shows the various components of the shear cell in the configuration for yield locus
measurements. The set-up illustrates the assembly in initial offset position
(preconsolidation step) and final maximal offset position (at test completion). For
determination of wall yield locus, the base is replaced by a sample of wall material.
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Twisting wrench
Normal stress o,

Twisting lid
hmould:i Mould ring
hing Shear ring
hbasei Base
Frame

—=] |=~—Offset

(a) Inlet offset position

Normal stress o

Bracket Shear lid

Loading stem

Shear stress 1 —pw— T}

—=] |=—Offset

(b) Final offset position

FIGURE 1 SHEAR CELL IN INITIAL OFFSET POSITION (TOP)
AND FINAL MAXIMAL OFFSET POSITION (BOTTOM)

3.3 SPECIFICATIONS
3.3.1 Rings

3.3.1.1 Rings dimensions
3.3.1.1.1 [Internal diameter

The rings of the shear cell shall have an internal diameter of 95 mm. Alternatively, when
stresses higher than 50 kPa are to be applied, a cell with an internal diameter of 63.5 mm
can be used.

NOTES:

1  The original shear cell developed and built by Jenike has an internal diameter of 95 mm. An
alternative cell with 63.5 mm internal diameter was also developed to allow testing at higher
consolidation stresses. However, it has been acknowledged that the actual size of the cell does
not affect the test results as long as the proportions diameter/height/ring thickness of the
original cell are approximately kept. For historical reasons, it is preferred to use a cell with an
internal diameter of 95 mm, or alternatively 63.5 mm for consolidation stresses higher than
50 kPa.

2 Besides maximum consolidation stress, the choice of the cell diameter will also depend on the
maximum particle size of the sample. As a rule, the cell diameter should be at least 20 times
greater than the top size of sample tested. This is to limit boundary effects.
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3.3.1.1.2 Ring thickness

The rings shall have a thickness of 3 £1 mm.

NOTE: The thickness of the rings determines the travel distance available for a test. A thickness
of 3 mm will allow a total travel distance of 6 mm while it is reduced down to 4 mm if the wall
thickness is only 2 mm. Experience has shown that 3 mm is a good compromise between result
accuracy and test feasibility.

3.3.1.1.3 Rings height
The height of the rings shall be as given in Table 1.

TABLE 1
CELL DIMENSIONS
Element (see Figure 1) Height
mm
hbase® 13 +1
hring 16 £1
hmould 12 £2

2 internal height

3.3.1.2 Rings material

The rings shall be constructed of a light but strong material with a preference for

aluminium. The mass of the shear ring with a diameter of 95 mm shall not exceed 125 g.
NOTE: The mass of the shear ring will affect the total normal stress acting in the shear plane. A
maximum mass of 50 g is recommended. Care should be taken that the construction material has
stiffness high enough to avoid any risk of deformation during testing under high consolidation
stress.

3.3.1.3 Bottom of the cell base

Narrow and shallow grooves with a 90° included angle shall be cut into the bottom of the
cell base to prevent relative movement between test material and base.

3.3.2 Other
3.3.2.1 Twisting lid

The twisting lid shall be designed with a system that allows application of a normal stress
in the centre of the cell via a weight carrier or similar system while the lid is undergoing
rotations in cycles of 90°. The twisting lid shall have a diameter equal to 98% of the
internal diameter of the chosen cell to allow for clearance around the lid.

NOTE: The small difference in diameter between lid and rings aims to avoid contact between lid
and ring while limiting excessive extrusion of material in the annulus between lid and ring.

3.3.2.2 Shear lid

As for the twisting lid, the shear lid shall have a diameter equal to 98% of the internal
diameter of the chosen cell. The shear lid shall be built with a bracket to permit application
of a shear stress directly in the shear plane via the loading stem as shown in Figure 2. The
pin illustrated in Figure 2 shall have a length slightly greater than twice the ring thickness
to allow full travel distance (only restricted by the ring thickness) while keeping the
bending moment low. The bracket shall be designed so that the pin is applied at 1/3 the
height of the shear ring.

NOTE: In the case of wall friction tests, using a shear lid with a longer pin will permit increase of

available travel distance, i.e. shear distance.
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3.3.2.3 Twisting wrench

The twisting wrench shall be designed so as to allow for the twisting operation to be carried
out without application of any force other than the normal force provided by the weights
loaded on the weight carrier. The twisting consists of applying a series of cycles of 90° to
the twisting lid with the goal of bringing the test material to approach critical consolidation
state.
NOTE: Alternative systems to a twisting wrench may be used provided the cycling of 90° is
fulfilled and no force is applied to the cell other than the vertical force due to the weights on the
weight carrier.

3.3.2.4 Frame

The frame is a fixed structure on which either the cell base or a sample of wall material can
in turn be fixed and easily removed. Care shall be taken that the frame is fixed to a structure
and level. Before testing, check that the top of the cell base or wall material sample is in
line with the centre of the stem, i.e. the stem is in perfect alignment with the shear plane.

NOTE: If the stem is not in perfect alignment with the shear plane, a bending moment will apply
during shearing.

3.3.2.5 Locating screws

Locating screws or a similar system shall be used to permit positioning and maintaining of
the shear ring in its initial position. In its initial position, the shear ring and the base will be
offset by about the thickness of the ring as shown in Figure 1. Figure 1 also shows the
maximum possible offset in final position after completion of the shear test.
NOTE: The amount of upper shear ring and material offset is limited by the thickness of the shear
ring. Smaller offsets may be used provided that the material is critically consolidated under shear
by the time the upper cell becomes nominally concentric with the base (see Clause 4.3).

3.3.2.6 Loading stem

The motor shall permit continuous travel of the stem at a standard deformation rate of
2.3 £0.2 mm/min. The stem can be set to either push or pull the shear ring. Most common
set-up uses the stem in a pushing configuration.

3.3.2.7 Load cell

The load cell shall have a capacity of 500 N with a measuring accuracy at least equal to
0.1% full scale. The load cell shall have sufficient stiffness to avoid slip-stick phenomenon
occurring during stem travel.

3.3.2.8 Wall material sample

The minimum size of the wall material sample should be such as to allow shear of the cell
on its surface over a distance of at least 10 mm to 15 mm. Generally, a size around
120 mm x 120 mm is recommended.

NOTE: If the surface of the wall sample presents structure such as wear or flow lines, care should
be taken to orientate the sample appropriately.
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