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Standard Test Method for
Measuring Shear Stresses of Powders Using Peschl

. . 1

Rotational Split Level Shear Tester
This standard is issued under the fixed designation D6682; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (¢) indicates an editorial change since the last revision or reapproval.

1. Scope*

1.1 This test method is applied to the measurement of the
mechanical properties of powders as a function of normal
stress.

1.2 This apparatus is suitable measuring the properties of
powders and other bulk solids, up to a particle size of 5000
micron.

1.3 This method comprises four different test procedures for
the determination of powder mechanical properties:

1.3.1 Test A—Measurement of INTERNAL FRICTION as a
function of normal stress.

1.3.2 Test B—Measurement of WALL FRICTION as a
function of normal stress.

1.3.3 Test C—Measurement of BULK DENSITY as a func-
tion of normal stress and time.

1.3.4 Test D—Measurement of DEGRADATION as a func-
tion of normal stress.

1.4 All observed and calculated values shall conform to the
guidelines for significant digits and rounding established in
Practice D6026.

1.4.1 The procedures used to specify how data are collected/
recorded or calculated in this standard are regarded as the
industry standard. In addition, they are representative of the
significant digits that generally should be retained. The proce-
dures used do not consider material variation, purpose for
obtaining the data, special purpose studies, or any consider-
ations for the user’s objectives, and it is common practice to
increase or reduce significant digits of reported data to be
commensurate with these considerations. It is beyond the scope
of this standard to consider significant digits used in analysis
methods for engineering design.

1.5 The values stated in SI units are to be regarded as
standard. No other units of measurement are included in this
standard.

! This test method is under the jurisdiction of ASTM Committee D18 on Soil and
Rock and is the direct responsibility of Subcommittee D18.24 on Characterization
and Handling of Powders and Bulk Solids.

Current edition approved Oct. 1, 2008. Published October 2008. Originally
approved in 2001. Last previous edition approved in 2006 as D6682 — 01 (2006).
DOI: 10.1520/D6682-08.

1.6 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:*

D653 Terminology Relating to Soil, Rock, and Contained
Fluids

D3740 Practice for Minimum Requirements for Agencies
Engaged in Testing and/or Inspection of Soil and Rock as
Used in Engineering Design and Construction

D6026 Practice for Using Significant Digits in Geotechnical
Data

3. Terminology

3.1 For definitions of technical terms in this standard, refer
to Terminology D653.

3.2 Definitions of Terms Specific to This Standard:
3.2.1 adhesion—shear stress between the wall coupon and
powder at a normal stress of zero.

3.2.2 consolidation normal stress—the maximal normal
stress applied to the specimen for executing an yield locus.

3.2.3 consolidation step—shearing repeated under the con-
solidation normal stress until the shear stress reaches a maxi-
mum 1, value followed by a steady state value t,. This step is
performed before each shear step.

3.2.4 degradation—change of particle size as result of
shearing.

3.2.5 dynamic wall friction—calculated from the measured
normal stress and the steady state shear stress after certain
shearing.

3.2.6 dynamic yield locus—Iline calculated from measured
values of normal stress and steady values of the shear stress.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service @astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.

*A Summary of Changes section appears at the end of this standard
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3.2.7 peak shear stress (t,,)— maximum shear stress at the
beginning of yield - at the transition between elastic and plastic
deformation.

3.2.8 pre-consolidation normal stress (c,,)—normal stress
applied during the first part of the test in order to densify the
specimen.

3.2.9 shear step—shear after the consolidation step, per-
formed under the normal stress which is equal to or lower than
the consolidation normal stress, until the shear stress reaches
the peak value followed by a steady state value t,.

3.2.10 split level—level between the bottom and top cover
of the shear cell defined by the transition of the cell base and
ring where in the specimen the shear plane occurs.

3.2.11 static wall friction—calculated from the measured
normal stress and the maximum shear stress at the beginning of
yield.

3.2.12 static yield locus—line calculated from measured
values of normal stress and peak values of the shear stress.

3.2.13 steady shear stress (t,)— steady state shear stress
during the steady state (plastic) deformation.

4. Summary of Test Method

4.1 Measurement of Internal Friction as a Function of
Normal Stress:

Note 1—Sequence of a standard shear test (Fig. 3):

(a) The upper graph shows the change of normal stress as a function of
time. Before each shear step, a consolidation normal stress o,, is applied to
the specimen, to reestablish the consolidation condition.

(b) The next graph shows the change of shear stress during the
consolidation step and the shear step.

(c) The next graphic shows the expansion and contraction of the
specimen during various test stages.

(d) The lowest graph shows the change of rotational movement of the

F-normal consolidation force

R-radius for shear stress calculation

shear tester as function of time.

4.1.1 For each individual test, the powder is compacted with
the pre-consolidation normal stress. It is then pretreated by
applying a shear stress until steady state is achieved. The shear
stress is repeatedly applied and removed until consistent results
are obtained. Next, the normal stress is reduced in steps. Before
each shear step, the consolidation normal stress is reapplied.
The measurements provide a measure of the instantaneous
static and dynamic yield loci.

4.1.1.1 During the entire shear test the height of the speci-
men is measured simultaneously in order to determine the
compaction and expansion of the specimen.

4.1.2 The instantaneous static and dynamic yield loci are
determined using the procedure outlined in the above section
without any delay between the various stages of the test.

4.1.3 The time dependent static yield locus is measured as a
function of time by preconditioning the specimen for various
times under consolidation normal stress conditions; the peak
shear stress is then measured.

4.2 Measurement of Wall Friction as a Function of the
Normal Stress—By placing a wall specimen under the cell ring,
the shear stresses (wall friction) are measured between the wall
specimen and the powder.

4.2.1 The instantaneous static and dynamic friction are
determined.

4.3 Measurement of Degradation as a Function of Normal
Stress—The influence of shearing on particle degradation is
measured by particle size analysis after shearing the specimen
at a predetermined normal stress. Particle size degradation is
measured from the change of particle size distribution before
and after test (see 10.4.3).

r - radius at a point of the cross section of the shear cell
L-radius on which the measured force is acting

T-measured force
1-shear stress

M-moment of acting shear stresses

CELL RING

CELL BASE

FIG. 1 Schematic View of a Rotational Split Level Shear Cell
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FIG. 2 Shear Resistance as Function of Time (Angular Rotation) in Relation to the Steady Shear Stress

5. Significance and Use

5.1 The test method is useful for the following:

5.1.1 Classification of Powders—The cohesion and angle of
internal friction are flowability indicators of powders and can
be used to classify the powders.

5.1.2 Quality Control—For a number of industrial applica-
tions flowability factors are used to compare the material
flowability at different times during production. The material
produced has to be held within given limits for each application
and each powder so as to ensure trouble-free operation.

5.1.3 Material Engineering—Powder properties are influ-
enced by particle size, particle size distribution, fat content,
humidity and other parameters. By selecting the correct param-
eters and the correct mixtures of powders, the required me-
chanical properties of the product are achieved.

5.1.4 Design of Handling Equipment—For certain storage
and conveyor equipment mathematical models exist which
require the mechanical properties of powders.

Note 2—The quality of the result produced by this standard is
dependent on the competence of personnel performing it, and the
suitability of the equipment and facilities used. Agencies that meet the
criteria of Practice D3740 are generally considered capable of competent
and objective testing/sampling/inspection/etc. Users of this standard are
cautioned that compliance with Practice D3740 does not in itself assure
reliable results. Reliable results depend on many factors; Practice D3740
provides a means of evaluating some of those factors. Practice D3740 was
developed for agencies engaged in the testing or inspection (or both) of

soil and rock. As such it is not totally applicable to agencies performing
this standard. However, users of this standard should recognize that the
framework of Practice D3740 is appropriate for evaluating the quality of
an agency performing this standard. Currently there is no known quali-
fying national authority that inspects agencies that perform this standard.

6. Apparatus®

6.1 The Rotational Split Level Shear tester is schematically
shown in Fig. 1 and the specimen is contained in the following
shear cell components.

6.1.1 Cell Base, is cylindrical and has a knurled interior
bottom surface.

6.1.2 Cell Ring, is a ring-formed element to be placed on the
cell base.

6.1.3 Loading Lid, is a knurled interior cover surface for
loading of the specimen, to be placed on the specimen.

6.1.4 Shear Plane, shown in Fig. 1, occurs at the transition
plane between the cell base and the cell ring.

6.1.5 Several shear cell sizes are available to accommodate
a variety of particle sizes. The selected shear cell diameter
should be at least 25 times larger than the average particle

3 The sole source of supply of the apparatus known to the committee at this time
is Dr. I. Peschl, Post Box 399, NL-5600 AJ Eindhoven, The Netherlands. If you are
aware of alternative suppliers, please provide this information to ASTM Interna-
tional Headquarters. Your comments will receive careful consideration at a meeting
of the responsible technical committee,' which you may attend.
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SHEAR SHEAR EXPLANATION
STEP STRESS
0 Opc consolidation normal stress during the
STEP NR. _ 0 _ 1 _ 2 _ 3 _ 4 consolidation step.
I 1 1 1 1
| | | | 0 Tec consolidation normal stress, during the
% | | | | consolidation step, brings the specimen to
b | | | | a constant density and shear stress.
R T
...._M “ 0 Tac repeatable peak after reaching constant
g . | shear stress during the consolidation step.
< b I
= | 1-x Tsc maximum shear stress during the
M.Un “ consolidation step to be performed before
= | each shear step.
" 1-x Tsc steady state shear stress during the
. consolidation step to be performed before
[92] 4 each shear step.
5 I
o " 1-x Oy normal stress , equal or smaller then
ﬁ.ﬂ e | consolidation normal stress, during the
o | shear step.
< |
L | 1-x T maximum shear stress during the shear step,
w..nu " to be performed after the consolidation
step, by equal or decreased consolidation
stress at begin of flow.
1-x Tex steady state shear stress during the flow
W ! _ | ! _ by equal or decreased consolidation stress.
—
m _ “ _ “ _ “ _ 0 pa initial density after pre—consolidation
(|
| | | | | | I
o | | I | | | I 0-x Prax density after consolidation step
I | | I I | |
| | | | | | | 0-x Peiyn density during the shearing under
_ _ _ _ _ _ _ consolidation stress.
| | | | | | |
= | | I | | | I | | 1-x pxi decrease density, during shear step, after
o 5 | I [ I | I ] I I change of normal stress for static
3 = [ I N B condition.
S k&= | | | | | I | | |
(G [ _ _ [ _ _ _ _ _ ) 4 b dirinn o
Z 5 | | ] | | | | | | -X P2 ecreased density, during shear step,
< ¥ | ] | | | | | | | after change of normal stress for dynamic
| | | | | | | | | condition.
| | | | | | | | | J
Time 1-x P increased density as result of change from
dynamic to static condition.
X Shear step Number

6.2.1 In Fig. 1, the cross section shows the cell base, ring

and loading lid. The cell base rotates. The loading lid is placed
on the specimen and loaded with predetermined masses. The

shear resistance is measured by measuring the moment on the

loading lid.

FIG. 3 Sequence of a Shear Test

6.2 Rotating Table, on which the Cell Base is fixed causes

mm diameter and would accommodate powders with an
the Cell Base to rotate against the Loading Lid.

diameter. The most frequently used shear cell is a nominal 60
average particle diameter smaller than 2400 microns.
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7. Selection of Test Parameters

7.1 Sampling:

7.1.1 Prepare and store the test specimens in accordance
with any valid safety and environmental regulations.

7.1.2 Prepare the specimens in accordance with the operat-
ing conditions expected during the application; i.e.
temperature, humidity and other conditions. Use an adequate
climate chamber to condition the specimen as necessary.

7.1.3 If a powder contains large particles which are uni-
formly distributed in a mixture, which otherwise meets the
criteria of 6.1.5, the large particles may be sieved out. It is
acceptable to sieve out the large particles until the proportion
of large particles does not exceed about 5 % of the test
specimen. Beyond this limit a larger diameter of the shear cell
should be used according 6.1.5 to retain the large particles in
the mixture.

7.2 Determination of Test Parameters :

Note 3—The selected consolidation normal stress should match the
expected stress in the actual process specified by an engineer/scientist
having a knowledge of shear testing and a theoretical background.

7.2.1 For the measurement of internal friction, the consoli-
dation normal stress is the same during both, the pre-
consolidation c,,, and the consolidation steps c,,. See Fig. 3.

7.2.1.1 The normal stress during the shear step is equal to or
lower than the consolidation normal stress. See o,, in Fig. 3.

7.2.1.2 In the absence of specified values of consolidation
normal stress the test should be performed with consolidation
normal stress of 5.0 kPa, 15.0 kPa and 25.0 kPa.

7.2.1.3 In the absence of specified values of normal stress
during the shear steps the test should be performed with normal
stress equal to 100 %, 80 %, 60 %, 40 % and 20 % of the
consolidation normal stress.

7.2.2 The measurement of density is performed by applying
the predetermined normal stress to the specimen (see 7.2.1). In
the absence of specified values for normal stress, the test
should be performed at 1 kPa, 5 kPa, 10 kPa, 15 kPa, 25 kPa.
15 kPa, 10 kPa, 5 kPa, and 1 kPa.

7.2.3 The measurement of wall friction is performed by
applying the predetermined normal stress to the specimen. In
the absence of specified values for normal stress, the test
should be performed at 1 kPa, 10 kPa, 15 kPa and 25 kPa.

7.2.4 The degradation test should simulate the normal stress
and time during which the shearing takes place. For a good
simulation, a number of such steps might be necessary in order
to simulate the stresses and the time during which they are
acting throughout the whole process. In the absence of speci-
fied values for normal stress, the test should be performed at 5
kPa during 10 min.

8. Specimen Preparation for Measurement

8.1 Preparation for the Measurement of the Internal
Friction—Shear Test (Fig. 5):

8.1.1 Place the shear cell ring on top of the cell base. Center
the shear cell ring with the three centering screws.

8.1.2 Determine the mass of the empty shear cell including
the shear cell ring. Use a scale with the accuracy of 0.1 gram.

8.1.3 Place the fill ring on top of the shear cell ring.

8.1.4 Fill the shear cell, as uniformly as possible, with
powder to be tested. Use a sieve for filling the shear cell in
order to remove lumps and agglomerates from the specimen.

8.1.5 Scrape off the surplus material in small amounts by
scraping off with a blade as shown in Fig. 10. The blade should
be scraped across the ring with a zigzag motion. Prevent
downward forces from acting on the specimen.

8.1.6 Center the consolidation lid on top of the material in
the shear cell.

8.1.7 Load the specimen uniaxially by placing masses on
the consolidation lid so as to achieve a pre-consolidation
normal stress corresponding to one of the predetermined
consolidation normal stresses specified in 7.2.

8.1.8 Consolidate the powder with the predetermined pre-
consolidation normal stress until the consolidation is com-
pleted. The time required to consolidate the specimen will vary
with the material. Take 10 min for the first trial.

8.1.9 Remove the masses, consolidation lid and the fill ring.

8.1.10 Perform 8.1.5.

8.1.11 Determine the mass of the shear cell filled with
powder.

8.1.12 Calculate the mass of material in the shear cell by
subtracting the net value in 8.1.2 from value in 8.1.11.

8.1.13 Place the loading lid assembly on the cell base and
tighten the three clamp screws.

8.2 Preparation for Measurement of Wall Friction:

8.2.1 Mount the specimen of wall material on the cell base
and secure it with the centering screws as shown in Fig. 7.

8.2.2 Place the cell ring on the wall specimen.

8.2.3 Perform 8.1.4 — 8.1.10 and 8.1.13.

8.3 Preparation for Measuring the Density:
8.3.1 Perform 8.1.1 — 8.1.4.

8.3.2 Remove the fill ring.

8.3.3 Perform 8.1.5 and 8.1.11 — 8.1.13.

8.4 Preparation for Measurement of Degradation:

8.4.1 Perform a sieve analysis or particle size analysis,
before running the degradation test.

8.4.2 Prepare the shear cell in accordance with 7.2.4.

8.4.3 Perform 8.1.1 — 8.1.13.

9. Procedures for Executing the Test

Note 4—The procedures are similar for carrying out manual and
automatic testers. Both shear testers can be controlled by hand or by
computer, only in the case of the manual shear tester should the mass be
changed manually.

9.1 Mount the Shear Cell on the Turntable of the Shear
Tester:

9.1.1 Place the shear cell assembly on the shear tester as
shown in Fig. 6.

9.1.2 Tighten the clamp screws of the turntable.

9.1.3 Loosen the three centering screws which center the
cell ring on the cell base.

9.2 Measurement of the Internal Friction as a Function of
Normal Stress and Time:

Note 5—The number and value of the shear steps for one yield locus,
should be determined by an engineer in accordance with 7.2.
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T — shear stress

01 — major principal stress

03 — minor principal stress

On — normal stress

Od — unconfined compressive strength for instantaneous yield locus

Odt — unconfined compressive strength for time yield locus

Tmt — top shear stress for time consolidation

Tmx — peak shear stress for instantaneous measurement

Tsx — steady state shear stress during the steady state (plastic)
deformation

T

static time yield locus (tmt)

static instantaneous yield locus (tmy)

dynamic yield locus (tsy)

Oq O3

Udt Un 01

FIG. 4 Instantaneous and Time Yield Loci

9.2.1 Place weights on top of the shear cell corresponding to
the consolidation normal stress (o, in Fig. 3) for yield locus to
be measured.

9.2.2 Shear the specimen by rotating the cell base relative to
the loading lid in the direction in which the arm of the loading
lid press against the load cell. Observe until the shear force
reaches a steady value for at least 1 min.

9.2.3 Reverse the rotational shear direction and observe the
shear force. After the shear force drops to zero, continue the
reverse rotation for approximately 10 s and then stop.

9.2.4 Shear the specimen in the forward direction. Observe
the peak at the beginning of shearing. Wait until a steady value
is maintained for at least 1 min.

9.2.5 Perform 9.2.3.

9.2.6 Repeat 9.2.4 and 9.2.5 until the peak at the beginning
of shearing is no higher then the previous peak.

9.2.7 Change the weight according to the predetermined
normal stress for the shear step to be performed (see 7.2).

9.2.8 Shear the specimen by rotating in the forward direc-
tion. Wait until the peak of the shear force is reached.

9.2.9 Perform 9.2.3.

9.2.10 Repeat 9.2.1 — 9.2.3 and 9.2.7 — 9.2.9 until all
required shear steps are carried out.

9.3 Measurement of the Time Dependent Internal Friction—
Time Consolidation Tests:

9.3.1 To prepare the test specimen carry out the procedures
specified in 9.2.1 — 9.2.4.

9.3.2 Use one of the following methods to allow the
specimen to adjust to applied stresses.

Note 6—Method 1 approximates more closely the stress conditions
which exist in reality; however, it requires continued use of the shear tester
or a special consolidation bench. Method 2 is more practical, especially
when large numbers of tests are required, or when the tests are carried out
under special conditions, e.g. high temperature or humidity. The test
results of these two methods differ because of the direction and value of
the stresses during the consolidation time are different.

9.3.2.1 Method 1—With the shear cell in the shear tester.
Stop the shear deformation. After the consolidation time,
remove the shear stress and change normal stress according to
the next shear step to be measured. During the waiting period,
some relaxation may occur which will alter the stress state.
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FIG. 5 Shear Cell Assembly for Filling

9.3.2.2 Method 2—Perform 9.2.3. Remove the shear cell
from the shear tester and place it on a consolidation bench.
Apply a normal stress to the specimen which is equal to the
major principal stress, ¢,, as determined from the instanta-
neous static yield locus at the consolidation normal stress (Fig.
4). After the required waiting time, remove the normal stress,
return the shear cell to the shear tester and apply the required
normal stress for the next shear step.

9.3.3 Perform the procedures specified in 9.2.7 — 9.2.9 in
order to measure the shear resistance.

9.3.4 Repeat 9.3.1 — 9.3.3 for each of the required shear
steps for each consolidation time.

9.4 Measurement of Wall Friction as Function of Normal
Stress:

9.4.1 Apply the predetermined normal stress to the
specimen, in accordance to 7.2.

9.4.2 Perform 9.2.2.

Note 7—The above procedure assumes that the wall surface coupon
has uniform frictional properties in all directions. When the wall surface

has directional frictional attributes, a deviation of true wall friction value
can be expected.

9.4.3 Record and observe on the strip chart recorder the
development of shear stresses during shearing. When the shear
force reaches a constant value perform 9.2.3.

9.4.4 Perform 9.2.2.

9.4.5 Observe the development of the shear force until the
shear value reaches a maximum value followed by a lower
steady value. Perform 9.2.3.

9.4.6 Repeat 9.4.4 and 9.4.5 until the peak at the beginning
of shearing reaches a maximum value.

9.4.7 Perform 9.2.3.

9.4.8 Change the weight according to the normal stress for
the next loading step.

9.5 Measurement of Density as a Function of Normal Stress
and Time:

9.5.1 Connect the strip-chart recorder.

9.5.2 Connect the displacement transducer to the shear cell
for measurement of the height of the specimen.
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1 Turntable

2 Cell base

3 Clamp screws for fixing the cell to turntable
4 Centering screw for shear cell ring

5 Cell ring

6 Loading lid

FIG. 6 Shear Cell Assembly Mounted on Shear Tester

Wall sample

Cell ring

Cell base
Centering screws

4 \E |

FIG. 7 Shear Cell Assembly for Measurement of Wall Friction
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FIG. 8 Characteristic Shear Stress Development for Wall Friction—Static, Dynamic and Adhesion

9.5.3 Place the predetermined weight, corresponding to the
predetermined normal stress, on the specimen.

9.5.4 Observe until the compaction is finished.

9.5.5 Replace the weight corresponding to the next prede-
termined normal stress.

9.5.6 Repeat 9.5.4 and 9.5.5 for all predetermined normal
stresses.

9.6 Measurement of Degradation as a Function of Stress:

9.6.1 Perform 7.2.4.

9.6.2 Perform 9.2.2.

9.6.3 Continue to shear for the predetermined degradation
time.

9.6.4 Perform 9.2.3.

9.6.5 Change the weight corresponding to the normal stress
for the next degradation step.

9.6.6 Repeat 9.6.2 — 9.6.5 until all steps have been com-
pleted.

9.6.7 Remove specimen and measure particle size distribu-
tion.

10. Evaluation of Test Results

10.1 Internal Friction as a Function of Stress:

10.1.1 Plot the shear stress versus time curves.

10.1.1.1 A plot of shear stress versus time can have several
shapes. The user should identify the following features of the
curves (see Figs. 2 and 3).

10.1.1.2 Linear Increase—Representing elastic deforma-
tion.

10.1.1.3 Peak—By studying several peaks from successive
shearings the following types of peaks may be observed.

10.1.1.3.1 Increasing Peak (t,)—Representing an under-
consolidated specimen in which the density has not reached the
final value corresponding to the applied normal stresses.
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FIG. 9 Schematic Diagram of Measurement of Density
10.1.1.3.2 Repeatable Peak (t.,.)—Representing a point on 10.1.1.3.3 Nonrepeatable Peak (t)—Representing overcon-
an instantaneous (static) yield locus. solidation or the points representing other non-repeatable
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1 SCRAPER
2 SHEAR CELL

2— |

FIG. 10 Scraping the Surplus Powder

effects, such as crystallization, degradation, etc. Most of these
effects are a function of time and the points are on the
so-referenced to as time yield locus.

10.1.1.4 Constant Value (t, )—Representing continuous
plastic deformation and the points belong to the dynamic yield
locus.

10.1.2 Calculate the Shear Stress—Based on a uniform
distribution of the shear stress over the cross section of the
shear cell as shown in Fig. 1. From the integral of shear
moments over the cross section we obtain:

_ 3% N T

TT %R A (D
where:
T = shear stress,
R = radius of the shear cell,
L = length of arm for transfer of shear torque,
T = force measured on load cell, and
A = cross sectional area of the shear cell.

11

10.1.3 Calculate the Normal Stress at the Mid Height of the
Specimen:
Note 8—The correction of vertical load is recommended for powders

with density greater then 1 g/cm®. For powders with density less than 0.5
g/cm 3 it can be ignored.

_ Fn+Fm:m'
c,= — (2)
where:
A = cross sectional area of the shear cell,
G, = normal stress,
F, = vertical load, and
F,., = correction to vertical load for weight of powder
above the shear plane.
10.1.4 Correct the Peak Shear Stress for Variation in Steady

Shear Stress:

Note 9—The steady shear value of the consolidation step should be the
same for all measured points of a yield locus. The variation can occur as
a result of small differences in the density, and systematic error of the
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shear tester. If the variation is greater than 1 % of the value of the
consolidation normal stress, the measured points can be corrected accord-
ing to the average of the shear stresses at the consolidation normal stress.

3 T.\t(lt* av (3)
T eaK— cor =1 e
peak peak Tsmt
where:
Torar = measured steady value for the shear step,
Tpeak = measured peak value for the shear step,
Tyaar = average of steady values for all shear steps, and
Toeak-cor = corrected peak value for the shear step.
10.1.5 Calculate the yield locus using a best fitting linear

approximation of measured points as shown in Fig. 4.* For
detailed explanation see Ref. (2).

Note 10—The consolidation Mohr circle is tangent to the yield locus
and passes through the measured shear stress for the consolidation normal
stress.

Note 11—The unconfined compressive strength is the major principal
stress of a Mohr circle passing the origin and tangent to the yield locus.
The points left from the tangent can differ from straight line and should
not be used for linear approximation.

(4)

T=c+c* tan @

1, =ct+o,* tan ¢ (5)
6, =oc,+1,%( tan 9+ 1/cosq) (6)
6y,=0, — 2%t /cosp (7
6, = 2%c* tan (45+¢/2) (8)
where:
¢ = the cohesion,

¢ = the angle of internal friction,

6, = major principal stress,

G6; = minor principal stress,

G, = normal stress,

1, = shear stress when ¢ = 6, and
6, = unconfined compressive strength.

10.1.6 Presentation of the Measured Points in the Mohr
Diagram:

10.1.6.1 Static Yield Locus—The line passing through the
peak values, at the transition between the elastic and plastic
deformation of all measured points, forms the static yield
locus. The highest point on the yield locus is the peak measured
at the consolidation normal stress. The consolidation Mohr
circle is tangent to the yield locus and passes through the
measured shear stress for the consolidation normal stress.
Points to the left of the tangent point of the Mohr circle through
the origin result in a non linear curve and, except for special
studies, these points should be not used.

10.1.6.2 Dynamic Yield Locus contains the measured steady
state shear points, which are the shear stresses during the
movement. The dynamic yield locus crosses the t-axes at the
origin or slightly above the origin. Consequently, the cohesion
is very small.

10.1.6.3 Time-Consolidation Yield Locus— The points pass-
ing through the non repeatable peak values form the time-
consolidation yield locus. The time-consolidation yield loci are

+ Alternative methods of constructing the (consolidation) steady state Mohr
circle have been proposed. See Ref. (1) .
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most often parallel to the instantaneous static yield locus, but in
a higher position. As shown in Fig. 4, the position of the
time-consolidation yield loci are higher for longer consolida-
tion time.

10.1.6.4 Unconfined Compressive Strength is the major
principal stress of a Mohr circle passing the origin and tangent
to the yield locus.

10.1.6.5 Yield Loci for Different Test Conditions—In Fig. 4,
a family of yield loci for different consolidation normal stresses
is shown. The peaks (t,,,.), represent the points of instantaneous
static yield loci. The measured steady values (t ) after each
peak value (t,,.), of all points of all yield loci are on the same
line, referenced to as dynamic yield locus, and these values
usually form a straight line passing the t-axis at the origin or
slightly above the origin. The position of the instantaneous
static yield locus represents the resistance at the beginning of
flow and the dynamic yield locus represents the resistance
during the flow. For the time yield locus the same dynamic
yield locus is valid.

10.2 Wall Friction as a Function of Normal Stress (Fig. 8):
Calculate coefficient of friction:

= 9

where:

u = coefficient of friction.

10.2.1 Static Friction—Several measurements for each load
step are required until the peak representing the static friction
reaches a maximum value. To recognize whether the peak
represents the static friction or the adhesion it is necessary to
repeat the measurement a number of times. If, after the first
peak the value of the peak decreases, then the first peak
represents the adhesion.

10.2.2 Dynamic Friction—The dynamic friction is repre-
sented by the steady state shear stress value which follows the
peak.

10.2.3 Adhesion—The adhesion, if any, is the measured
peak for the first shear. To recognize whether the peak
represents the static friction or the adhesion, it is necessary to
repeat the measurement a number of times. If the first peak
grows or remains constant, the highest succeeding peak repre-
sents the static friction. If, after the first peak the value of the
peak decreases, the first peak represents the adhesion.

10.3 Density as Function of Normal Stresses—Use the
recorder to plot or the computer printout as shown in Fig. 9 for
direct presentation of the test results. Calculate the density for
each of the chosen normal stresses:

w
Y= AxH (10)
where:
y = density,
A = area of the shear cell, cm 2,
H = height of the specimen, cm, and
W = mass of the specimen, kg.

10.4 Particle Degradation as Function of Shear:
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10.4.1 The relative measurement of the degradation of
particles is obtained by comparing the particle size distribution
before and after testing.

10.4.2 The degradation takes place only in the shear plane
area. This area can be approximated to a layer 5 times the
average particle size.

10.4.3 The difference between the average particle size
before and after the test is a measure of the degradation.

Doy~ Dsoy
Dg= L e (11)
DSO(I) hxh
where:
Dg = degradation,
Dsy;) = average particle size before degradation,
Dsg,) = average particle size after degradation,

height of the specimen, and
= height of the layer of the shear plane.

sp

sh

10.4.4 For relative measurements and comparison between
two powders take hy/hg, = 1.

11. Report

11.1 Reports should contain identification of the powder the
name of operator, the date of performing the test, the consoli-
dation time and the consolidation normal stress. If the tests
have been performed under special conditions like the

temperature, relative humidity, average particle size and par-
ticle size distribution and any other special circumstances they
should be reported. The test results should be reported in
tabular an graphic form.

12. Precision and Bias

12.1 Precision—Test data on precision is not presented due
to the nature of the powder and other bulk solids tested by this
standard. It is either not feasible or too costly at this time to
have ten or more laboratories participate in a round-robin
testing program. In addition, it is either not feasible or too
costly to produce multiple specimens that have uniform physi-
cal properties. Any variation observed in the data is just as
likely to be due to specimen variation as to operator or
laboratory testing variation.

12.1.1 Subcommittee D18.24 is seeking any data from the
users of this standard that might be used to make a limited
statement on precision.

12.2 Bias—There is no accepted reference value for this
method, therefore, bias cannot be determined.
13. Keywords

13.1 bulk density; bulk solids; cohesive strength; degrada-
tion; flowability; internal friction; Peschl shear tester; rota-
tional shear tester; shear stress; wall friction

REFERENCES

(1) Standard Shear Testing Method for Bulk Solids Using Jenike Shear
Cell—D6128.

(2) Peschl—Measurement and evaluation of the mechanical properties of
powders, Powder Handling and Processing, volume 1, No. 2, June
1989.

(3) Jenike A.W. Storage and flow of solids, University of Utah Engineer-
ing Experiment station, Bulletin 123, Nov 1964.

SUMMARY OF CHANGES

Committee D18 has identified the location of selected changes to this standard since the last issue (D6682 — 01
(2006)) that may impact the use of this standard. (Approved October 1, 2008.)

(1) References added for Practices D3740 and D6026 in
accordance with recommended Committee D18 procedures.
(2) Terminology section revised.

(3) All references to “weights” deleted in accordance with
recommended Committee D18 procedures.
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(4) All references to “sample” deleted in accordance with
recommended Committee D18 procedures.
(5) Precision and Bias section corrected in accordance with
recommended Committee D18 procedures.
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