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A new method of measuring the shape factor of the particles compos- 
ing bulk materials and its theoretical basis are described. 

The shape of pa r t i c l e s  of bulk m a t e r i a l s  can be char -  
ac ter ized in two ways: by the rat io of the par t ic le  d i -  
mens ions  in three mutual ly perpendicu la r  d i rec t ions  
and by the angular i ty  of the par t ic le  contour (i. e . ,  the 
degree of nonani formi ty  of the surface  curvature) .  

With respec t  to the f i r s t  of these cha rac te r i s t i c s  
par t i c les  can be divided into three types: compact (all 
three d imens ions  s imi la r ) ,  rod- l ike ,  and lamel la r .  

The idea of a shape factor  is p r i m a r i l y  of in te res t  
in connection with compact par t i c les  s ince,  f i r s t ly ,  in 
this case it is much less  definite and, secondly, com- 
pact  pa r t i c l e s  a re  the most  widespread.  

With respec t  to the second cha rac te r i s t i c  compact 
par t i c les  can be divided into three groups:  

i) particles with maximum angularity--tetrahedra 
and cubes (Fig. la); 

2) particles with minimum angularity--spherical 
particles (Fig. ib); 

3) intermediate particles, i.e., particles bounded 
by planes and with rounded edges and corners (Fig. le). 

The averaged shape of the particles of a specific 
natural bulk material is characteristic and may be re- 
garded as a property of the material. 

The idealized particle of characteristic shape can 
be represented in the form of a body whose surface is 
formed by planes and rounded edges and corners. 

Of course, each specific particle of an actual batch 
differs from the idealized particle. In the mass (sta- 
tistically) these particles display properties (shape- 
dependent) similar to those of a mass of fictitious 
idealized particles of characteristic shape. 

The method proposed by the author will serve for the 
the direct objective measurement of the shape factor 
of particles of granular material over a broad range 
of variation of dimensions and properties. 

The method consists in the experimental determina- 
tion of the function a = ~(b), which uniquely character- 
izes the particle shape (Fig. i). 

a c  

For  par t i c les  of in te rmedia te  shape (Fig. lc) this 
function mus t  be found as the s ta t i s t ica l  solution of 
the p rob lem of me a su r i ng  the d imens ions  a and b in 
one section of each of the par t i c les  forming  the ent i re  
mass .  

In accordance with the method proposed,  the di-  
mens ions  a and b of all the pa r t i c l e s  are  measu red  by 
means  of a special  sieve analys is .  

This  or iginal  sieve analys is  employs a set of s ieves ,  
some of which have square and some round mesh  opening.- 

Sieving through the s ieves  with square  openings 
gives a sieve cha rac t e r i s t i c  q(A); the corresponding 
cha rac te r i s t i c  for  the s ieves with round openings is f (D) .  

A bulk ma te r i a l  with cubical pa r t i c l e s  has sieve 
cha rac te r i s t i c s  (Fig. 2a) the max imum distance apart  
along the A-D axis (axis of absc issas) .  

In this case equal total r es idues  R i on the s ieves  
with round and the s ieves  with square  openings are  ob- 
tained at mesh size ra t ios  

D, _ b c _--1.41. 
Ai ar 

This  proper ty  is re ta ined  over  the ent i re  range of 

mesh  s izes  A m i n - A m a  x. 
For  cubical pa r t i c les ,  the shape factor ,  which can 

be charac te r ized ,  for example,  by the ra t ioK = Di/Ai, 
has a constant  and l imi t ing  (maximum) value K = 
= 1.41 over the ent i re  range  of par t ic le  s izes  (Fig. 2a). 

A bulk ma te r i a l  with spher ica l  pa r t i c les  has sieve 
cha rac te r i s t i c s  (Fig. 3) that coincide over the en t i re  
range of mesh  s izes ,  s ince the res idue  of spher ica l  
pa r t i c l e s  is the same for s ieves  with round and square 
openings of the same size (A = D): 

D i  _ asp _ 1 .00 .  

Ai asp 

For  spher ical  pa r t i c l es ,  the K factor  has a constant  
and l imi t ing (minimum) value K = 1.0ff over the ent i re  
range of par t ic le  s izes  (Fig. 2b). 

Fig.  1. Shape and d imens ions  of pa r t i c le  c ross  sect ions.  
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Fig. 2. Complex sieve cha rac t e r i s t i c  of bulk ma te r i a l s  with cubical 
(a) and spher ica l  (b) par t ic les .  

A bulk m a t e r i a l  with par t i c les  of in te rmedia te  shape 
has sieve cha rac t e r i s t i c s  (Fig. 3), such that the r e l a -  
tive dis tance between them along the A-D axis is de t e r -  
mined by the par t ic le  shape, i . e . ,  

D~ _ F (K) = bin--~t =1.41 -- 1.00. 
A~ aim 

In this case the re la t ive  dis tance between the ~(A) and 
f(D) curves  along the A-D axis is l e s s  than the d i s -  
tance between the analogous cha rac t e r i s t i c s  for a bulk 
ma te r i a l  with cubical  pa r t i c l e s  having the same f(D) 
cha rac te r i s t i c  as the bulk ma te r i a l  in question. 

The K factor  for in te rmedia te  par t ic les  has the 
value 

1.00 < K <  1.41, 

de te rmined  by the shape of the par t ic les .  In this case 
the graph of the function K = a(A) is insc r ibed  in the 
hatched region of Fig. 3. 
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Fig.  3. Complex sieve cha rac t e r i s t i c  of bulk 
ma te r i a l  with par t i c les  in te rmedia te  in shape 

between a cube and a sphere.  

For  a na tura l  polyfract ional  m a t e r i a l  with par t i c les  
of different  shape (on pass ing  from one f ract ion to an-  
other) we have 

D-L = 0 (A). 
As 

For  such a ma te r i a l  we obtain the averaged value of 
the shape factor  

s maXKd A 
/~av - -  0 

gmax 

The theore t ica l  and applied s ignif icance of the meth-  
od descr ibed  cons is t s  in that, having used it to obtain 
the function 

for the ma te r i a l  in quest ion and having es tabl ished by 
a special  invest igat ion the re la t ion  

N = ~ (K) ,  

we can f inally obtain a functional re la t ion  of the form 

If we possess  data on this unique re la t ion  between 
the technological  p roper t i e s  and the shape factor of the 
par t i c les ,  we can re l i ab ly  control  the p roper t i es  by 
vary ing  the par t ic le  shape (by rol l ing,  for example) 
or predic t  the proper t ies  f rom shape factor m e a s u r e -  
ments ,  etc. 

Thus,  by means  of the proposed method, for any 
size f ract ion,  for example,  f o r p a r t i c l e s  cor responding  
to a res idue  R i (Fig. 3), we can m e a s u r e  the cha rac -  
te r i s t i c  d imens ions  a and b. In other words, we can 
make a di rect  study (probe) of the en t i re  mass  of p a r -  
t ic les  and on the bas is  of the s ta t i s t i ca l  data obtained 
di rec t ly  de te rmine  the shape factor  of par t i c les  of 
any of the f rac t ions  of a polyfract ional  ma te r i a l .  

Fo r  a polyfraet ional  ma te r i a l  with par t i c les  of the 
same shape over the en t i re  range  of pa r t i c le  s izes  we 
have 

D i D~ D 
- -  - -  ... ~ - -  ~ cons~. 

A I Aj A 

NOTATION 

a, a c, asp,  and a in  t denote the side d imens ions  of 
the c ross  sect ions in pa r t i c l e s  of a rb i t r a ry ,  cubic, 
spher ical ,  and in te rmedia te  shape; b, bc, bsp, and 
bin t denote the diagonal d imens ions  of the pa r t i c l e s  
c ross  sections;  A is the s ize  of the square  mesh  open:  
ing; D is the size (diameter)  of the round mesh  open- 
ing; K is the par t ic le  shape factor;  R is the total r e s -  
idue on the s ieve,  %; N is any invest igated technical  
cha rac te r i s t i c  of the bulk mater ia l~  
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