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ABSTRACT 

 
Producers and consumers of fine granular materials and powders frequently need to assess the flowability and 
caking propensity of such materials for quality control and product development purposes.  The Jenike shear cell 
is the best known tester for such assessment and the Schulze ring shear tester is also widely accepted.   Other 
commercially available devices include the Johanson Hang-Up Indicizer.  Each of these devices has limitations, 
chiefly due to the time taken to perform a test and the delicate apparatus required.  There is still a need for a 
simple, relatively low cost, assessment method that provides highly reproducible measurements of flowability for 
quality control.  Uniaxial testers have been developed at the University of Edinburgh, primarily for coal, to address 
this need, and many of the concepts of the coal tester have now been incorporated into a miniature tester for 
powders.  This paper describes the design of the new tester and compares its results with the Johanson Indicizer 
and the Schulze ring shear tester.   Issues studied include the reproducibility of each test, the determination of the 
unconfined yield strength and ease of use. 
 
 
1 INTRODUCTION 
 

Producers of particles frequently need to assess the 

flowability of their materials. The preferred assessment 

technique is a measurement of unconfined yield 

strength (fc or σc).  The value of this parameter will vary 

with the level of consolidation stress on the sample.  

Jenike [1] described appropriate calculations and 

devised the shear cell technique to make appropriate 

measurements.  Testing with the Jenike cell is time 

consuming, and requires skill, so that it is often too 

difficult or costly to use for routine quality control 

testing.  Consequently, many efforts have been made 

to simplify the equipment and the measurement 

technique.  

 

Two general approaches to expedited measurement of 

unconfined yield strength have been used.   Biaxial 

rotational direct shear cells, such as the Schulze [2] 

ring shear cell maintain the principles of the Jenike cell 

but substitute a rotational movement for the 

translational movement of the Jenike tester. This 

simplifies the testing procedure and facilitates 

automation.  The principal objections to these testers 

are their cost, their delicacy, and their requirement that 

the powder specimen be of a certain volume, with large 

particles excluded.   Design variants attempt to 

address these objections, but the testers are still not 

employed everywhere they would be useful. 

 

Uniaxial testers apply the consolidation load vertically, 

and also apply a failure load vertically.  This 

arrangement is appealing in its simplicity from a 

mechanical perspective and its physical similarity to 

the stress path associated with arching and the 

unconfined yield strength.  Some designs (e.g. Maltby 

and Enstad [3]) use a removable mould to create a 

free-standing column of powder that is then crushed by 

a load applied at the top.  The vertical stress causing 

failure should be a direct measure of the unconfined 

yield stress, though the consolidation condition may be 

different from that of other testers.  Others (e.g. 

Johanson, as described by Bell [4]) compact a sample 

inside a mould, and then induce shear failure on 

defined planes using a punch whilst the specimen is 

partially confined in the mould.  Several assumptions 

are needed to transform the punch failure force into an 



 

estimate of unconfined yield strength. Schwedes [5] 

poses significant technical objections to each method.  

Of these uniaxial designs, only the Johanson Indicizer 

is now a commercial instrument. It has been shown to 

be highly reproducible [4] but is relatively delicate and 

adversely affected by the presence of large particles in 

the test specimen. 

 

The University of Edinburgh [6] has developed uniaxial 

testers to characterize bulk solids with the full range of 

particle sizes (<75mm) generated by coal processing.  

These testers were designed for use by semi-skilled 

operators in a dirty environment. Failure is induced in a 

large unconfined specimen, so large particles can be 

included in the specimen and their influence on failure 

stresses can be studied. The Edinburgh testers have 

performed well in this difficult environment and have 

been used to study the effects of coal blending and 

moisture content variations [7]. The key differences 

between the Edinburgh tester and some previous 

devices lies in the attention to mechanical details, the 

level of care directed to the consolidation and failure 

load application, and the strategic intent.  While many 

previous efforts have focussed heavily on accurate 

laboratory measurement of unconfined yield strength, 

the Edinburgh testers aimed at speed, robustness and 

high repeatability for industrial use, with a close match 

to a Jenike cell being a secondary objective.  

 

2 THE EDINBURGH POWDER TESTER  
 

The coal testers developed by Edinburgh require large 

samples and are not intended to work with powders 

that are highly compressible.   A new machine, the 

Edinburgh Powder Tester (EPT, Figure 1) was recently 

developed for high-value powders and fine granular 

materials.   The test sample volume is greatly reduced, 

and the sample consolidation technique tolerates 

highly compressible powders.  

 

A transparent plastic sleeve serves as a mould for a 

column of powder.  The mould has a flared mouth 

(similar to a champagne glass) to contain spills. The 

mould slides over a stainless steel pedestal.   

 
Figure 1:  Edinburgh Powder Tester. 

 

While in the up position, the mould accepts a volume 

of powder nominally 40 mm in diameter by up to 75 

mm tall.   Gravity consolidation weights are applied to 

the surface of the powder via a piston guided by a 

bearing system.  The displacement of the piston is 

measured to permit determination of the powder 

compressibility.  The consolidation load can be left in 

place for any chosen time, after which the piston will 

automatically lift off the powder. The mould is then 

manually slid down the pedestal, leaving a free-

standing column of powder.   A linear bearing is used 

to guide the manual placement of a failure test piston 

over the column of powder. A motor drives the test 

piston down against the column of powder, and the 

force-displacement behaviour is recorded.  At 

completion of the test, the mould and pedestal 

assembly can be removed from the machine for 

cleaning.  As an economy of both space and cost, the 

EPT has been built with two consolidation stations that 

share a single test piston assembly, whose “home” 

position is centered between the two. This enables two 

different time consolidations to be in progress 

simultaneously (Figure 2).  A programmable logic 

controller (PLC) sequences the automatic steps and 



 

prompts for operator actions as required.  All moving 

parts are contained within a cabinet. 

 

3 TEST PROGRAM 
 

Ten different powders and granular materials were 

selected for comparative testing between the EPT, a 

Schulze ring shear tester and a Johanson Hang-Up 

Indicizer®.   The materials covered a wide range of 

unconfined yield strength, the minimum strength being 

just sufficient for the powder to form a self-supporting 

column after consolidation.  The powders were also 

checked for moisture stability under lab conditions. 

 

 
Figure 2:  EPT: Test piston is above left-hand sample.  

After testing, right sample rests in its plastic sleeve. 

 

Graphs of measured unconfined yield strength versus 

consolidation stress (flow functions) were found using 

all three testers.  The automated software of the 

Schulze ring shear tester was used and the “scientific” 

mode of the Johanson Indicizer allowed direct input of 

the desired consolidation stress.  The loads applied in 

the tests were chosen to give a superficial similarity in 

the consolidation applied to the samples.  However, 

the stress conditions are quite different in the different 

tests so that a true comparison of measured strengths 

requires a much deeper particulate mechanics analysis 

than can be given here. 

 

4 RESULTS 
 

Figure 3 shows the flow functions obtained from the 

three testers for powdered sugar.  For the majority of 

materials tested, similar trends to these were obtained. 

For each of the 10 test materials, the flow function from 

the EPT lay below that of the Indicizer, which in turn 

was below that of the ring shear.  This is expected [5] 

as a result of differences in the consolidation stress 

paths used.  But the ratios of values from the three 

testers were not consistent.  For some materials the 

flow functions were quite close together, while for other 

solids the differences were large. Rather oddly, the 

EPT test suggested that a common washing powder 

detergent (Cheer®) is quite free-flowing, while the 

other testers found it to be quite cohesive. The EPT 

and the Indicizer tests were both very repeatable, but 

the Schulze ring shear tester showed some surprising 

variability, particularly in the middle part of the flow 

function.  After extensive discussions with the 

manufacturer, we are still seeking an explanation of 

this behaviour. 
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Figure 3: Typical flow functions (powdered sugar) 

 

Applying a regression best fit to each test series 

provides a reasonable description of the results (Figure 

3) and facilitated a ranking of the powders by their 

unconfined yield strength at various consolidation 

stress levels.  Table 1 shows the comparison at 30 kPa 

stress level.  We see that neither the Indicizer nor the 

EPT fully agreed with the ring shear, but that overall 

the rankings produced by the three testers were 

roughly compatible, with the notable exception of the 



 

problematic Cheer® detergent. It is also worthwhile to 

note that the spread of EPT results from the highest to 

the lowest was broader than with the other two testers, 

implying that the EPT may have greater ability to 

identify small differences, which could be of 

considerable benefit in industrial applications.   

 

Table 1.  Comparison at 30 kPa Consolidation Stress 

Materials are ranked by values of strength (σc) 

EPT Indicizer Schulze Ring 

Mat’l 

Name 

σc 

kPa 

Mat’l 

Name 

σc 

kPa 

Mat’l 

Name 

σc 

kPa 

Cheer 1.3 BCR 4.4 BCR 9.4 

Flour 2.7 Flour 5.6 LBSug 11.4 

BCR  3.5 LBSug 6.4 PSug 12.1 

LBSug 3.6 G’psm 7.8 Flour 13.8 

PSug 5.1 PSug 9.5 Cheer 15.0 

G‘psm 5.3 Bisqk 10.4 Min1O 17.8 

Min1O 6.5 Cheer 11.6 G’psm 18.6 

Bisqk 7.6 Min1O 11.7 Bisqk 21.9 

Min4O 8.6 Min4O 16.4 Min4O 26.4 

 

We found the EPT to be easy to use and faster than 

the Indicizer and much faster than the ring shear.  

Operator training was simple, and the tester appeared 

to be mechanically robust.  

 

5 DISCUSSION 
 

The unconfined yield strength displayed by a powder 

will vary with both its consolidation and failure stress 

paths.  The ring shear tester satisfies the classical 

requirement that the sample be critically consolidated 

(steady state flow at constant stress and volume) prior 

to failure. This produces a much higher level of 

consolidation than a uniaxial tester at a nominally 

matching value of consolidation stress. The Indicizer’s 

design partly accounts for wall friction during 

consolidation, but the EPT does not. Consequently, it 

is not surprising that the EPT shows a lower level of 

strength at a nominal consolidation stress.   

 

The failure path of the samples in the three testers is 

very different.   The ring shear and the Indicizer both 

enforce shear failure on a predefined plane through the 

sample, and the stress state at failure is not fully 

defined in either of these testers.  By contrast, the EPT 

tests under well-defined stress conditions, and failure 

can occur through the weakest zone of the powder 

column. This naturally produces lower average results.  

The internal assumptions used in the Indicizer to 

estimate the unconfined yield strength are likely to be 

affected by other properties of the different powders in 

ways that are difficult to predict.  Hence it may be 

expected that the three testers will not produce 

identical results.   A previous study [4] found that the 

ranking of powders from the Indicizer and a Jenike cell 

were also not identical.  We do not know why the 

Cheer® detergent behaved so differently in the EPT.  

Further tests of this material are in progress. 
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