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Shear cell methods 1 

(せん断セル法) 2 

In the manufacturing of pharmaceuticals, a large number 3 

of processes involve powder transfer and feeding such as 4 

putting raw materials into a mixer and filling a powder into 5 

the mortar of a tableting machine. Since powder flowability 6 

is related to preparation characteristics such as mass and 7 

content uniformity, it greatly affects the product quality. It 8 

is important to evaluate powder flow properties in the design 9 

of formulations, processes and pharmaceutical production 10 

equipment. Since shear cells are among the most important 11 

methods for measuring powder flow properties and can be 12 

performed under a wide variety of stress conditions, param-13 

eters useful for predicting various powder behaviors during 14 

the manufacturing of pharmaceuticals, such as an angle of 15 

critical state line, unconfined yield strength and flow factor, 16 

can be determined. 17 

1.  Principle 18 

A powder in a hopper, etc. may not immediately flow due 19 

to adhesion/coagulation of particles and interference to the 20 

mutual motion by complex surface shape when shear 21 

stresses are applied from the outside. When a sufficiently 22 

large shear stress is attained, the powder suddenly starts to 23 

flow. In addition, powder flow under quasi-static conditions 24 

such as flow in a bin strongly depends on the consolidation 25 

stresses. Consolidation is an operation to apply a load to a 26 

powder bed to reduce the bulk volume to change the bulk 27 

density or the void fraction of the powder bed. The shear 28 

cell methods are the tests to determine the flow properties 29 

of a powder in the process of transition from a static state to 30 

a non-static state when the powder is sheared by applying a 31 

normal stress. For example, a maximum shear stress imme-32 

diately before fail and a dynamic friction force in a steady-33 

state flow are measured. 34 

Powder flowability under compressed conditions is gov-35 

erned by three factors: the degree of consolidation (bulk 36 

density or void fraction, ε), normal stress (σ) and shear stress 37 

(τ). A three dimensional representation of the applied nor-38 

mal stress, shear stress and void fraction is called the Roscoe 39 

condition diagram (Fig. 1), and the shear cell methods are 40 

test methods to obtain the Roscoe condition diagram or yield 41 

loci which constitute the Roscoe condition diagram. 42 

43 

 44 

Fig. 1  Roscoe condition diagram 45 

2.  Apparatus 46 

The shear cell methods can be performed under constant 47 

load or constant volume conditions. In both conditions, ap-48 

paratuses typically consist of a shear cell, weights or a press 49 

machine for applying normal stress to a sample, a mecha-50 

nism for shearing a sample, and load cells for measuring 51 

normal stresses and shear stresses. 52 

2.1.  Shear cell 53 

Many shear cells have the structure which can make a 54 

shear plane somewhere in a powder bed by shearing a pow-55 

der filled in a container dividable into two parts up and down 56 

(cells) while applying a normal stress. In the constant load 57 

conditions, a lid that fits within an upper cell is free to move 58 

up and down when a shear stress is applied, and the volume 59 

of the powder container changes. In the constant volume 60 

conditions, the position of the lid is fixed by pressing the lid 61 

with a press machine, etc. 62 

The shear cells are classified into two types according to 63 

the motion that provides a shear stress; translational or rota-64 

tional. 65 

2.1.1.  Translational shear cell 66 

  In the translational shear cell, one of the upper and lower 67 

cells is fixed and the other is moved horizontally (transla-68 

tionally) to apply a shear stress to the powder bed filled in 69 

the two cells. The shear plane forms at the boundary be-70 

tween the powder contained in the lower cell and the powder 71 

contained in the upper ring cell. Some translational shear 72 

cells are cylindrical (Fig. 2), and others are sandwiching a 73 

sample between two plates on top and bottom and with no 74 

side walls. The representative example of the former is the 75 

Jenike shear cell, and that of the latter is a parallel-plate cell. 76 

77 
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Fig. 2  Example of translational shear cell 78 

2.1.2.  Rotational shear cell 79 

  In the rotational shear cell, one of the upper and lower 80 

cells is fixed, and the other is rotated to apply a shear stress 81 

to the powder bed filled in the two cells. Some rotational 82 

shear cells are cylindrical and others are annular (Fig. 3). 83 

Any rotational shear cells usually have surface features that 84 

prevent the powder from sliding at the cell surface. Several 85 

blades are radially attached on the side of the shear cell 86 

where it contacts the sample, so that the powder is hold in 87 

place by the thrusting blades. A shear plane forms in the 88 

powder bed directly under the blades when the shear cell is 89 

rotated. 90 

Fig. 3  Example of rotational shear cell 91 

2.2.  Other components 92 

  Load cells are device using a spring, a piezoelectric ele-93 

ment, etc. to detect a load or torque and converts the applied 94 

force into an electrical signal. The load cells and weights for 95 

applying a normal stress to a sample must be regularly cali-96 

brated with standards with measurement traceability. 97 

3.  Measurement 98 

A temperature of 20±5ºC and a relative humidity of 5099 

±10% are recommended as measurement environment. A 100 

fresh powder samples should be used for each test. However, 101 

this does not apply to samples clearly having no consolida-102 

tion history or rare samples, if the description of their reuse 103 

is recorded. Gently fill the shear cell with a sample of pow-104 

der using a spatula or a sieve with an opening size larger 105 

than the maximum particle size of the sample. At this time, 106 

care should be taken not to form cavities in the powder bed. 107 

The surface of the filled sample is leveled with a spatula, etc. 108 

Under the constant load conditions, first the powder sample 109 

is consolidated (preshear) in order to perform a test with a 110 

desired constant void fraction during one measurement. 111 

The test procedure under constant load conditions using 112 

the Jenike shear cell, etc. is shown in Fig. 4 by a pattern 113 

diagram. Prior to a test, the powder sample is sheared with 114 

applying a preconsolidation stress (σpre) until a shear stress 115 

reaches a steady value (τpre) for preshear (Fig. 4 (a) A). Un-116 

der the constant load conditions, the volume of powder can 117 

decrease or increases during the preshear and becomes con-118 

stant when a steady-state is achieved. In other words, the 119 

void fraction of the powder bed where the shear stress be-120 

came constant under certain normal stress conditions is 121 

uniquely determined by the powder flow properties. In the 122 

following main test, measurements are performed on the 123 

sample having this void fraction. After the shear stress is 124 

reduced to zero, the normal stress acting on the sample is 125 

decreased from σpre to a new value (σsx, x = 1, 2, 3…) for the 126 

next step of the test procedure (Fig. 4 (a) B). When the shear 127 

stress is gradually increased, the maximum shear stress 128 

measured immediately before the consolidated powder 129 

starts to flow is τsx (x = 1, 2, 3…). The A-B procedure is 130 

repeated at 3 to 5 points of σsx which is less than the normal 131 

stress at preshear (σpre), and the powder yield locus (PYL, 132 

Fig. 4 (b)) is obtained by plotting the results. 133 

Fig. 4  Plot of shear stress versus time during the test procedure (a) and corresponding powder yield locus (b) 134 

 135 
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  On the other hand, under the constant volume conditions, 136 

shear stresses are continuously measured with progressively 137 

changing a normal stress while the void fraction is kept at a 138 

specified value by a press machine, etc. controlling the lid 139 

position. Since the void fraction is constant under the con-140 

stant volume conditions, the consolidation yield locus 141 

(CYL) in Fig. 1 is obtained during the process of consolida-142 

tion failure. The PYL and CYL share a preshear point and 143 

are combined to form a single yield locus (YL). 144 

4.  Data analysis 145 

  Shear stresses can be measured in both states where a 146 

powder is not flowing (static state) and where a powder is 147 

flowing (dynamic state). 148 

  The approximate line connecting the points (σsx, τsx) 149 

shown in Fig. 4 (b) represents the relationship between the 150 

shear stress and normal stress immediately before the con-151 

solidated powder sample starts to fail, namely, the relation-152 

ship in a static state, and is referred to as a PYL. Further, the 153 

point (σpre, τpre), where the shear stress τpre reached constant 154 

by applying the preshear normal stress σpre, is added to Fig. 155 

4 (b) (Fig. 5). This point is measured in a dynamic state and 156 

is called a preshear point. Next, two circles having a center 157 

on the normal stress axis are drawn: The first is a circle pass-158 

ing through the preshear point and tangential to the PYL (the 159 

larger semicircle in Fig. 5). The second is a circle passing 160 

through the origin and tangential to the PYL (the smaller 161 

semicircle in Fig. 5). The circles having a center on the nor-162 

mal stress axis and tangential to a PYL are called the Mohr 163 

stress circles. 164 

 165 

Fig. 5  Graphical representation of various parameters ob-166 

tainable from PYL 167 

 168 

  Various parameters that describe powder flowability can 169 

be obtained from a PYL and Mohr stress circles. 170 

4.1.  Shearing cohesion (C) 171 

  The failure shear stress at zero normal stress, normally 172 

obtained by extrapolation of the PYL. An indication of the 173 

intrinsic strength of an unconfined powder.174 

4.2.  Angle of internal friction (φi) 175 

  The angle formed by the PYL and the σ axis. The inclina-176 

tion (tan φi) of the PYL indicates the internal friction be-177 

tween the powder particles under the consolidation condi-178 

tions measured. 179 

4.3.  Effective angle of internal friction (δ) 180 

  The angle formed by the straight line which passes 181 

through the origin and tangential to the larger Mohr stress 182 

circle in Fig. 5, and the σ axis. A relative indication of the 183 

internal friction when the powder flow is in a steady-state. 184 

4.4.  Flow function (FF) 185 

  The ratio (σ1 /fc: ffc) of the maximum principal stress (σ1) 186 

of the larger Mohr stress circle and the maximum principal 187 

stress (uniaxial collapse stress: fc) of the smaller Mohr stress 188 

circle in Fig. 5 may be used as a quantitative classification 189 

indication of powder flowability (Table 1). A regression line 190 

obtained from the σ1-fc relationship measured under various 191 

consolidation conditions for one material, which is called 192 

FF, is used for powder flow analysis such as when designing 193 

a hopper. 194 

Table 1  General classification of flowability 195 

ffc Flowability 

<1 Not flowing 

1 ‒ 2 Very cohesive, difficult-flowing 

2 ‒ 4 Cohesive, slightly difficult-flowing 

4 ‒ 10 Easy-flowing 

10< Free-flowing 
 196 

It should be noted that even a same powder shows differ-197 

ent flowability if the degree of consolidation is different be-198 

cause the above parameters can be determined from Fig. 5 199 

where the measurements were performed with a sample 200 

having one specified void fraction. 201 

On the other hand, the critical state line (CSL) in Fig. 1 is 202 

obtained by projecting the preshear points (black circles in 203 

the figure), which are determined from several samples hav-204 

ing a different void fraction, onto the σ-τ plane, and is a 205 

straight line passing through the origin. Since the CSL 206 

shows the normal stress-shear stress relationship in a dy-207 

namic state, it reflects the powder flow properties without 208 

depending on the type of apparatus used for measurement. 209 

The angle formed by the CSL and the σ axis is called the 210 

angle of critical state line (φCSL); the smaller the value, the 211 

higher the flowability. 212 

5.  Report of results 213 

  Measurements under the same conditions are repeated an 214 

appropriate number of times according to the variation in 215 

the obtained values, and the average value is reported along 216 

with the items listed in Table 2.217 
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Table 2  Examples of items to be described in the report of 218 

results 219 

Item Content 

General  

information 

Measurement date/time, name of operator, 

sample name, apparatus used (type, 

model/manufacturing company) and type of 

cells, measurement method (constant load 

method or constant volume method), etc. 

Sample- 

related 

information 

Particle size and particle size distribution, 

method of particle size measurement, bulk 

density, water content, conditions for dry-

ing, etc. 

Measure-

ment  

conditions 

Temperature and relative humidity during 

measurements, size of cells used, sample 

volume, preconsolidation conditions, shear 

rate, etc. 

Results Normal stress and shear stress of each meas-

urement in the main test, σ-τ plot showing 

yield locus, various parameters obtained by 

the analysis of angle of critical state line, 

etc. 

Other  

special 

notes 

Descriptions when the measurement condi-

tions such as the preconsolidation stress and 

the number of measurements are changed 

from the normal setting, or when the sample 

is reused, etc. 

 220 


