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ABSTRACT 
It has been shown in the early 20th century that particle shape has an influence on 
geotechnical properties. Even if this is known, there has been only minor progress in 
explaining the processes behind its performance and has only partly implemented in practical 
geotechnical analysis. This literature review covers different methods and techniques used to 
determine the geometrical shape of the particles. Particle shape could be classifying in three 
categories; sphericity - the overall particle shape and similitude with a sphere, roundness - the 
description of the particle’s corners and roughness - the surface texture of the particle. The 
categories are scale dependent and the major scale is to sphericity while the minor belongs to 
roughness. The overview has shown that there is no agreement on the usage of the descriptors 
and is not clear which descriptor is the best. One problem has been in a large scale classify 
shape properties. Image analysis seems according to the review to be a promising tool, it has 
advantages as low time consumption or repeatability. But the resolution in the processed 
image needs to be considered since it influences descriptors such as e.g. the perimeter. Shape 
definitions and its potential role in soil mechanics are discussed. 
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INTRODUCTION 
Effects on soil behavior from the constituent grain shape has been suggested since the earliest 

1900’s when Wadell (1932), Riley (1941), Pentland (1927) and some other authors developed 
their own techniques to define the form and roundness of particles. Into the engineering field 
several research works conclude that particle shape influence technical properties of soil material 
and unbound aggregates (Santamarina and Cho, 2004; Mora and Kwan, 2000). Among 
documented properties affected by the particle shape are e.g. void ratio (porosity), internal 
friction angle, and hydraulic conductivity (permeability) (Rousé et al., 2008; Shinohara et al., 
2000; Witt and Brauns, 1983). In geotechnical guidelines particle shape is incorporated in e.g. 
soil classification (Eurocode 7) and in national guidelines e.g. for evaluation of friction angle 
(Skredkommisionen, 1995). This classification is based on ocular inspection and quantitative 
judgment made by the individual practicing engineer, thus, it can result in not repeatable data.  
The lack of possibility to objectively describe the shape hinders the development of incorporating 
the effect of particle shape in geotechnical analysis. 

The interest of particle shape was raised earlier in the field of geology compared to 
geotechnical engineering. Particle shape is considered to be the result of different agent’s 
transport of the rock from its original place to deposits, since the final pebble form is hardly 
influenced by these agents (rigor of the transport, exfoliation by temperature changes, moisture 
changes, etc.) in the diverse stages of their history. Furthermore, there are considerations 
regarding on the particle genesis itself (rock structure, mineralogy, hardness, etc.) (Wentworth 
1922a). The combination of transport and mineralogy factors complicates any attempt to correlate 
length of transport and roundness due that soft rock result in rounded edges more rapidly than 
hard rock if both are transported equal distances. According to Barton & Kjaernsli (1981), rockfill 
materials could be classified based on origin into the following (1) quarried rock; (2) talus; (3) 
moraine; (4) glaci-fluvial deposits; and (5) fluvial deposits. Each of these sources produces a 
characteristic roundness and surface texture. Pellegrino (1965) conclude that origin of the rock 
have strong influence determining the shape. 

To define the particle form (morphology), in order to classify and compare grains, many 
measures has been taken in consideration (axis lengths, perimeter, surface area, volume, etc.). 
Furthermore, corners also could be angular or rounded (roundness), thus, the authors also focus 
on develop techniques to describe them. Additionally corners can be rough or smooth (surface 
texture). Nowadays some authors (Mitchell & Soga, 2005; Arasan et al., 2010) are using these 
three sub-quantities, one and each describing the shape but a different scale (form, roundness, 
surface texture). 

During the historical development of shape descriptors the terminology  has been used 
differently among the published studies; terms as roundness (because the roundness could be 
apply in the different scales) or sphericity (how the particle approach to the shape of a sphere) 
were strong (Wadell, 1933; Wenworth, 1933; Teller, 1976; Barrett 1980; Hawkins, 1993), and it 
was necessary in order to define a common language on the particle shape field; unfortunately 
still today there is not agreement on the use of this terminology and sometimes it make difficult to 
understand the meaning of the authors, that’s why it is better to comprehend the author technique 
in order to misinterpret any word implication.  

Several attempts to introduce methodology to measure the particle’s shape had been 
developed over the years. Manual measurement of the particles form is overwhelming, thus, 
visual charts were developed early to diminish the measuring time (Krumbein, 1941, Krumbein 
and Sloss, 1963; Ashenbrenner, 1956; Pye and Pye, 1943). Sieving was introduced to determine 
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the flakiness/elongation index but it is confined only for a certain particle size due the practical 
considerations (Persson, 1988). More recently image analysis on computer base has been applied 
on sieving research (Andersson, 2010, Mora and Kwan, 2000, Persson, 1998) bringing to the 
industry new practical methods to determine the particle size with good results (Andersson, 
2010). Particle shape with computer assisted methods are of great help reducing dramatically the 
measuring time (Fernlund, 2005; Kuo and Freeman 1998a; Kuo, et al., 1998b; Bowman, et al., 
2001). 

In the civil industry e.g. Hot Asphalt mixtures (Kuo and Freeman, 1998a; Pan, et al., 2006), 
Concrete (Mora et al., 1998; Quiroga and Fowle, 2003) and Ballast (Tutumluer et al., 2006) 
particle’s shape is of interest due the material’s performance, thus, standards had been developed 
(e.g. EN 933-4:2000 Tests for geometrical properties of aggregates; ASTM D 2488-90 (1996) 
Standard practice for description and identification of soils).  

Sieving is probably the most used method to determine the particle size distribution. This 
traditional method, according to Andersson (2010) is time consuming and expensive. 
Investigations shows that the traditional sieving has deviations when particle shape is involve; the 
average volume of the particles retained on any sieve varies considerably with the shape (Lees, 
1964b), thus, the passing of the particles depend upon the shape of the particles (Fernlund, 1998). 
In some industries the Image analysis is taking advantage over the traditional sieving technique 
regardless of the intrinsic error on image analysis due the overlapping or partial hiding of the rock 
particles (Andersson, 2010). In this case the weight factor is substitute by pixels (Fernlund et al., 
2007). Sieving curve using image analysis is not standardized but after good results in the 
practice (Andersson, 2010) new methodology and soil descriptions could raise including its 
effects.  

Describing the particle’s shape is the main objective, there are 42 different quantities in this 
document, and it is required to review the information about them to comprehend and interpret 
the implication of each quantity to determine them usability and practice. 
 

DESCRIPTION OF SHAPE PROPERTIES 
Particle shape description can be classified as qualitative or quantitative. Qualitative describe 

in terms of words the shape of the particle (e.g. elongated, spherical, flaky, etc.); and quantitative 
that relates the measured dimensions; in the engineering field the quantitative description of the 
particle is more important due the reproducibility. 

Quantitative geometrical measures on particles may be used as basis for qualitative 
classification. There are few qualitative measures in contrast with several quantitative measures 
to describe the particle form. Despite the amount of qualitative descriptions none of them had 
been widely accepted; but there are some standards (e.g., ASTM D5821, EN 933-3 and BS 812) 
specifying mathematical definitions for industrial purposes.  

Shape description of particles is also divided into two:  
-3D (3 dimensions): it could be obtained from a 3D scan or in a two orthogonal images and  
-2D (2 dimensions) or particle projection, where the particle outline is drawn. 

3D and 2D image analysis present challenges itself. 3D analysis requires a sophisticated 
equipment to scan the particle surface and create the 3D model or the use of orthogonal images 
and combine them to represent the 3 dimensions. The orthogonal method could present new 
challenges as the minimum particle size or the placing in orthogonal way of the particles 
(Fernlund, 2005). 2D image analysis is easy to perform due the non-sophisticated equipment 



V
 
requir
2D im
interm
or ran
1941;

In
defini
using 
morph
define

 

 

 

 

 

A
descri
descri
shape
descri
corne
the pa
Figur
Regar
the sa
smalle
anton

 

W
the p

Vol. 18 [20

red to take pi
mage analysi
mediate axis l
ndom, some 
; Hawkins, 19

n order to des
itions used in
three sub-qu

hology/form, 
ed. 

 

 

Figur

At large scale
ibing terms a
iption at large

e is marked 
iption of the 
rs and edges 
article’s boun
e 1. A gene
rding the sma
ame kind of an
er scale. Surf

nyms are summ

Table 1: 

Wentworth in 
particle dime

13], Bund.

ictures (e.g. r
s the particle
lie more or le
authors publi

993). 

scribe the par
n the literature
antities; one a
roundness an

re 1: Shape d

 the particle’
as spherical, p
e scale is sph
with the das
presence of 
of different s

ndary, deviati
erally accepte
allest scale, te
nalysis as the
face texture i
marized in tab

Sub-quantit
Scale  
Large scal
Intermedia
Small scale

1922 (Blott a
ensions, this 

. A 

regular camer
e is assumed
ess parallel to
ish their own

SCALE D
rticle shape i
e. Some auth
and each desc
nd surface te

describing su

’s diameters 
platy, elonga

hericity (anton
shed line in 

f irregularities
sizes are iden
ions are foun
ed quantity 
erms like rou
e one describe
is often used 
ble 1. 

ties describin

e 
ate scale 
e 

FO
and Pye, 200

consisted o

ra or the use 
d to lay over
o the surface 
n preferences

DEPENDE
in detail, ther
hors (Mitchell
cribing the sh
exture. In Fig

ub quantities

in different d
ated etc., are 
nym: elongat

Figure 1. A
s. Depending

ntified. By do
nd and valuate
for this scal
gh or smooth

ed above, but 
to name the 

ng the partic
Quantity 
Sphericity 
Roundness 
Roughness 

RM (3D)
8), was proba

on the obtain

of microscop
r its more sta
while the sho

s about this i

ENCE 
re are a numb
l & Soga, 200

hape but at dif
gure 1 is show

s (Mitchell &

directions are
used. An oft

tion). Graphic
At intermedia
g on at what 
oing analysis i
ed. The ment
le is roundn
h are used. Th
is applied wi
actual quant

cle’s morpho
Antonym
Elongatio
Angulari
Smoothn

) 
ably one of th
ning of the 

pe for smalle
able axis (e.g
ortest axis is 
issue (Wadell

ber of terms, 
05; Arasan et
fferent scales.
wn how the s

& Soga, 200

e considered.
ten seen quan
cally the cons
ate scale it 
scale an ana

inside circles
tioned circles

ness (antonym
he descriptor 
ithin smaller c
tity. The sub-

ology and its
m 
on 
ity 
ness 

the first autho
length of 

17

er particles). I
g. longest an
perpendicula
l, 1935; Riley

quantities an
t al., 2010) ar
. The terms ar
scale terms ar

5) 

 At this scal
ntity for shap
sidered type o
is focused o
alysis is don
s defined alon
s are shown i
m: angularity

is considerin
circles, i.e. at
-quantities an

 antonym 

ors on measur
the tree axe

72 

In 
nd 
ar) 
y, 

nd 
re 
re 
re 

le, 
pe 
of 
on 
e; 

ng 
in 

y). 
ng 
t a 
nd 

re 
es 



V
 
perpe
spheri

 

 

 

 

 
 
 

Figu
 

K
this i
partic
c/b ar
he cal

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figu
 

W
schem
same 

 

Vol. 18 [20

ndicular amo
icity (Equatio

 
 
 
 

ure 2: Measu

Krumbein (194
s done by m

cle, it can be s
re located in t
lled (See Figu

ure 3: Detail

Wadell (1932)
matic represen

volume.  

13], Bund.

ong each other
on 1). 

 

urement of th

41) develop a
measuring the
seen in Figur
the chart deve
ure 3). This ch

ed chart to d

) defined the 
ntation of the 

. A 

r (see Figure 

he 3 axes pe

a rapid metho
e longest (a), 
re 2 (Always 
eloped by his 
hart is an easy

determining 

sphericity as 
sphere surfac

Ψ

2) on the tree

erpendicular 

od for shape m
medium (b)

perpendicular
own where it

y graphical w

Krumbein in

the specific 
ce and particl

c2

ba
  

+=Ψ

e dimensions 

among each

measurement 
) and shorter
ar among each
t can be foun

way to relate th

ntercept sphe

surface ratio 
e surface, bot

(where a≥b≥c

h other (Krum

to determine 
r (c) axes dia
h other). The 

nd the Intercep
he dimension

ericity (Krum

(Equation 2)
th particle an

17

c) to obtain th

(

mbein, 1941

the sphericity
ameters of th
radios b/a an

pt sphericity a
ns. 

mbein 1941)

). Figure 4 is 
d sphere of th

73 

he 

1)

) 

y; 
he 
nd 
as 

). 

a 
he 



V
 
 

 

 
 
 
 
 

F

 

T
declar

 

W
Equat

 

 
 
 

 

W
Equat

 

 
 

Vol. 18 [20

 
 
 
 

Figure 4: Sam

This way to 
res, due the d

Wadell (1934)
tion 3 (see Fig

 
 
 
 
 
 
 

Figure 5: 

Wadell  (1934
tion 4). 

13], Bund.

 

me volume s

obtain the s
difficulty to ge

) also defined
gure 5): 

 

Relation bet
circumsc

4) used a new

 

. A 

sphere surfac
Johansson

phericity is 
et the surface 

d the spheric

tween the vo
cribed sphere

w formula sim

ce (s) and pa
n and Vall,  2

almost impo
area on irreg

city based up

olume of the 
e (Johansson

mple to manag

3

CIR

P

V

V
 =Ψ

CIR

SV

D

D=Ψ

article surfac
2011). 

ossible to ac
gular solids. 

pon the partic

 particle and
n and Vall, 2

ge using the d

ce (S). (mod

hieve, as Ha

cle and spher

d the volume
2011). 

diameters (se

17

(2

dified after 

awkins (1993

re volumes, a

(3

e of the 

e Figure 6 an

(4

74 

2)

3) 

as 

3)

nd 

4)



V
 
 
 
 

Figu

Z
easy t
summ
the Fi

 

 
 
 
 
 
 
 
 
 
 
 
 

 
 

In
seen, 

Vol. 18 [20

 
 
 
 
 
 
 
 
 

ure 6: The re
of a spher

Zingg (Krumb
to find out th

marized on Fig
igure 3. 

Figure 7: 

n Figure 8 th
it is an easy w

13], Bund.

elation betw
re of the sam

ein, 1941) de
he main form
gure 7. Zingg

Zingg’s cla

e Figures 3 a
way to unders

. A 

een the diam
me volume as

evelop a class
m of the partic
g’s classificat

ssification o
(Krum

and 7 are com
stand the mor

meter of a cir
s the particle

ification base
cles as a disk
tion is related

of pebble sha
mbein 1941)

mbined, the r
rphology rega

rcumscribed
e (Johansson

ed on the 3 ax
ks, spherical, 
d with Krumb

ape based on
). 

elation in the
arding on the 

d sphere and 
n  and Vall, 2

xes relation, i
blades and r

bein intercept 

n ratios b/a a

e two classifi
a, b and c dim

17

the diameter
2011). 

in this way it 
rod-like; this 

sphericity an

and c/b 

ications can b
mensions 

75 

r 

is 
is 

nd 

be 



V
 

 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 

 

Py
comp
spheri
by Kr
with e
Folk 
Projec

 

 

 

In
Spher

 

F
publis
Dobk

 

Vol. 18 [20

Figure 8:

ye and Pye (
are the Wad
icity” based o
rumbein (194
exception of 
in (1958) d

ction Spheric

n a similar wa
ricity” 

orm or shape
shed on 1949

kins & Folk (o

=Ψ

13], Bund.

 Classificati

(1943), in th
dell’s spheric
on an ellipse,
41). Axis mea
Equation 8 w

describes a r
ity” (Equation

 

 

ay Ashenbren

e factor name
, Williams (sh

oblate-prolate

 

(c/b)(11+
=

. A 

ion made by 
(Krumbein

e article “sph
city develope
, this last Equ
asurement is 
where the orig
relation betw
n 6). 

nner (1956) sh

s are used by
hape factor, e
 index, eq. 11

6))a/b(

(   12,8 3

++

∗

Zingg’s and
n and Sloss, 

hericity deter
ed in 1934 (
uation (numb
done as Figu
ginal docume

ween the tree

howed his Eq

y authors like 
eq. 9) in 1965
1) in 1970 (Bl

b/c(16

/b()b/c( 2

+∗

∗

d chart to det
1963) 

rminations of
(based on th

ber 5) appears
ure 1 denotes
ent was not p
e dimensiona

quation (7) at 

 Corey (shap
5, Janke (form
lott and Pye, 

a/b((1)b

)a
2 +

termine sphe

f pebbles and
he diameter) 
s two years e
s for Equation
possible to ob
al axes calle

t that time nam

 

pe factor, eq. 
m factor, eq. 1

2008). 

))a 2

17

ericity 

d sand grains
with “Pebb

early publishe
ns 5 trough 1
btain. Sneed &
ed “Maximum

(5

(6

med “Workin

(7

8) in the pape
0) in 1966 an

(8

76 

s” 
le 
ed 
12 
& 
m 

5)

6)

ng 

7)

er 
nd 

8)



V
 
 

 

 

 
A

square

 

T

T
literat
the pa

Vol. 18 [20

 

Aschenbrenner
e of the midd

Table 2: Gen

Aspect 
Sphericity 
(3D) 
  
  

  

  
  
  
  
  
  

  
  
  

  

The technique
ture some way
article project

13], Bund.

 

 

 

r (1956) deve
dle one. 

 

neral overvie
has been

Name 

Flatness
True Sp
Operati

Spheric

Zingg’s
Intercep
Pebble 
Corey s
Workin
shape fa
Maximu
spherici
William
Janke fo

Oblate-p

e to measure 
ys to measure
tion, some aut

. A 

eloped the sha

ew over diff
n compiled a

s index 
phericity 
onal sphericity

city 

s classification
pt sphericity ch
sphericity 

shape factor 
ng sphericity 
actor 
um projection 
ity 

ms shape factor
orm factor 

prolate index

FO
the sphericit

e the “two dim
thors named “

ape factor by 

 
ferent particl
and arranged

Author

Wentwo
Wadell

y Wadell

Wadell

 Zingg’s1

hart Krumbe
Pye and 
Corey2 

Ashenbr
Ashenbr

Sneed &
r William

Janke2 

Dobkins

RM (2D)
ty is based in
mensions sph
“particle outli

using the rela

le shape defi
d chronologic

orth 

1 

ein 
d Pye 

renner 
renner 

& Folk 
ms2 

s & Folk  
1) K
2) B

) 
n three dime

hericity” whic
ine” or “circu

ation of the tr

initions for 3
cally 

Year Base

1922a 3-axe
1932 Surfa
1932 Volu

1934 
Sphe
diam

1935 3-axe
1941 3-axe
1943 3-axe
1949 3-axe
1956 3-axe
1956 3-axe

1958 3-axe
1965 3-axe
1966 3-axe

1970 3-axe
Krumbein and Slos
Blott and Pye, 2008

ensions, it ca
ch is simply th
ularity”.  

17

(9

(10

(1

ree axis but th

(12

3D sphericity

ed on 

es 
ace 
ume 
ere 

meter 

es 
es 
es 
es 
es 
es 

es 
es 
es 

es 
ss, 1963 
8 

an be found i
he perimeter o

77 

9)

0)

1)

he 

2)

y 

in 
of 



V
 

W
(Equa
the m
Equat
circum
of the

T
orient
and th

 

 

 

S
own E
equal 
(P) tim
orient

 

 

R
propo
were 
handl
Wade
18). H
perim

 

 

Ja
Equat
deviat
determ
radial

Vol. 18 [20

Wadell in 193
ation 4) to a 2

maximum cro
tions (13) sho
mscribed circ
e perimeter of

Tickell in 193
tation propose
he area of sma

ome other au
Equations as 
to longest len

me a constan
tation of the g

Riley (1941), 
osed by the ab

not compute
e called “ins

ell and the rel
Horton 1932 (

meter of a circl

anoo in 1998
tion 20. Suku
tion of the g
mine the item
l divisions). 

13], Bund.

35 (Hawkins
2D outline. H
ss sectional a
ow the relatio
le (DC). He a

f a circle of sa

31 (Hawkins,
ed was a rand
allest circums

 

 

 

uthors has be
Pentland (192
ngth outline (

nt, Equations 
grains. 

 

 

realize the p
bove authors

er, all was m
scribed circle
lation of diam
(Hawkins, 19
le of the same

 

 

 (Blott and P
umaran and A
global particle
ms used in the

. A 

, 1993) adop
He defined an
area (outline 
on between d
lso used the t

ame area (PC)

, 1993) used
dom one. It i
scribed circle 

en working w
27) relating th
(AC2), and Co
16 and 17 re

problems that
 can carry as

made by hand
 sphericity”. 

meters of insc
993) use the r
e area as drain

Pye, 2008) de
Ashmawy (200
e outline from
e Equation 2

pt a conversi
n orientation o

of the partic
diameters of a
term “degree 
and the actua

d his empiric
s described b
(AC). 

with the “circ
he area (A) o
ox (Riley, 194
espectively. B

t an area, pe
s the time con

d), and that’s 
He used the

cribed (DI) an
relation of the
nage basin (P

evelop his ge
01) develop h
m a circle. F
1 (N, referred

ion of his 19
on the particl
cle projecting
a circle of sa
of circularity
al particle per

cal relation (E
by the ratio be

cularity” conc
outline and ar
41) with the r
Both authors 

erimeter and 
nsuming and
why he dev

e same partic
nd circumscr
e drainage ba
PCD), see Equa

eneral ratio of
his own shap
Figure 9 can 
d to the num

934 3D sphe
les and they 
g the maximu
ame area (DA

y” (Equation 
rimeter (P). 

Equation 15)
etween the ar

cept and had
rea of a circle
ratio area (A)
did not defin

some other 
d tedious wor
velop this Eq
cle orientation
ribed (DC) cir
asing perimete
ation 19. 

f perimeter (P
e factor (SF) 
be used as 

mber of sampl

17

ericity formu
were based o
um area). Th

A) and smalle
14) as the rati

). The partic
rea outline (A

(13

(14

(15

d develop them
e with diamete
) and perimete
ne any defini

(16

(17

measuremen
rk (at that tim
quation easy t
n proposed b
rcles (Equatio
er (PD) and th

(18)

(19)

P) to area (A
defined as th
a reference t

les intervals o

78 

la 
on 
he 
est 
io 

le 
A) 

3)

4)

5)

m 
er 
er 
te 

6)

7)

nts 
me 
to 
by 
on 
he 

)

)

A), 
he 
to 
or 



V
 

 

 

 

 

 

 

 

 

F

 

 

 

R
beside
sugge

R
config
conce
1980)
superi

W
round
circle
used E
on the

Vol. 18 [20

Figure 9: De

Roundness as 
e the corners 
ested many w

Roundness is c
guration and 
erning about t
), is describe 
imposed in th

Wadell (1935)
dness of a par
 diameter (Rm
Equation 23 (
e results (Wad

13], Bund.

escription of 
(S

 

 

ROU
described p
and how they
ays to describ

clearly under
denotes the 

the sharpness
as the third o

he corners, an

) describes hi
rticle using th
max-in), see 
(N, is the num
dell, 1935). 

. A 

the Sukuma
Sukumaran a

UNDNESS
reviously is 
y are, this wa
be this second

standable usi
similarities w

 or the smoot
order subject 
nd it is also a p

is methodolog
he average ra
Figure 11 an

mber of corne

aran factors t
and Ashmaw

 
 

S OR ANG
the second o

as notice by m
d order particl

ing the Figure
with a spher
thness of the 
(form is the f
property of pa

gy, calling it 
adius of the c
nd Equation 2
ers). This two 

to determine
wy, 2001). 

GULARIT
order shape 
most of the au
le property. 

e 1. Particle s
re (3D) or a 
perimeter (2D

first and roun
articles surfac

total degree 
corners (r) in 
22. In the sam
 last Equation

e the shape a

TY 
descriptor. S
uthors sited b

shape or form
circle (2D). 

D). Surface t
ndness the sec
ces between c

or roundnes
n relation with
me study Wad
n shows sligh

17

and angularit

(20

(2

Sphericity lef
before and the

m is the overa
Roundness 

texture (Barre
cond), and it 
corners.     

s to obtain th
h the inscribe
dell (1935) ha
htly difference

79 

ty 

0)

1)

fts 
ey 

all 
is 

et, 
is 

he 
ed 
as 
es 



V
 

A
Ci

 

 

 

 

P
It is i
degre
of get

 

 

 

 

 

 

Fi

Vol. 18 [20

Table 3: 

Aspect 
ircularity 

(2D) 

 

 

 

 
 d

 

 

 

 

owers (1953)
important to 
e of subjectiv
tting errors is 

 
 

igure 11: W

13], Bund.

General chr

Name 

roundness 

roundness 

roundness 

Circularity

outline circula
degree of circul

inscribed circ
sphericity 

Circularity

 

Shape facto

) also publish
highlight tha

vity. Folk (19
negligible fo

adell’s meth

. A 

ronological o
 for 2

y 

arity 
larity 
cle 

y 
Kru

or S

ed a graphic 
at any compa
955) conclude
or sphericity b

hod to estima
circle (H

(22)

overview of 
2D sphericity

Author 

Pentland 

Cox1 

Tickell2 

Horton2 

Wadell 
Wadell 

Riley 

umbein and 
Sloss 

Janoo 

ukumaran 

scale to illust
aring chart to
es that when c
but large for ro

ate the round
Hawkins, 19

 
 
 
 
 

f the particle 
y. 

Year 

1927 

1927 

1931 

1932 

1935 
1935 

1941 

1963 

1998 

2001 
Seg

1) R
2) H

trate the quali
o describe par
charts are use
oundness. 

dness, corner
993). 

shape defini

Based o

area 

area-perim

area 

drainage b

Circle diam
Perimet

Circle diam

chart

area-perim

gmentation of 
angles

Riley, 1941 
Hawkins, 1993 

itative measu
rticle propert

ed for classific

rs radius and

18

itions 

on 

meter 

basin 

meter 
ter 

meter 

t 

meter 

particle and 
s 

ure (Figure 12
ties has a hig
cation, the ris

d inscribed 

(23)

80 

2). 
gh 
sk 

)



V
 

 

 

 

 

 

 

S
classi
is imp
(1935

Tab
G

Ve
An

Sub

Sub

Ro

We

 

K
round

F
a cen
subten
Figur

T
(ANG

 

 

 

 

 

 

Vol. 18 [20

 
 
 

F

ome authors 
fication based
portant to de

5). This classi

ble 4: Degre
rade terms 

li
ery angular 
ngular 0

bangular 0

brounded 0

ounded 0

ell rounded 0

Krumbein and
dness paramet

ischer in 193
ntral point in 
nded by the s
e 14. 

To express th
GPLA) on the o

13], Bund.

Figure 12: A

as Russel & T
d on five and
enote that the
fication and c

es of roundn
Russell & Tayl

Class 
imits (R) 

A
m

N/A 
0.00-0.15 

0.15-0.30 

0.30-0.50 

0.50-0.70 

0.70-1.00 

d Sloss (1963)
ters using com

3 (Hawkins, 
the outline 

straight or no

he angularity
outlines and co

. A 

A Roundness

Taylor in 193
d six classes (
e way they m
class limits ar

ness: Wadell
lor (1937) 

Arithmetic 
midpoint l

N/A 
0.075 0

0.225 0

0.400 0

0.600 0

0.800 0

) published a
mparison. See

1993) used a
and dividing

on-curved par

y value Fisch
oncave (ANG

s qualitative 
 

37, Pettijohn i
Hawkins, 199
measure the 
re showed in t

l Values. (Ha
Pettijohn

Class 
limits (R) 

N/A 
0.00-0.15 

0.15-0.25 

0.25-0.40 

0.40-0.60 

0.60-1.00 

a graphical ch
e Figure 13. (C

a straightforw
g the outline 
ts of the prof

her used the
GCON) Equatio

scale (Powe

in 1957 and P
93) each one 
roundness is
the  Table 4.

awkins, 199
n (1957) 

Arithmetic 
midpoint 

N/A 
0.125 

0.200 

0.315 

0.500 

0.800 

hart easy to d
Cho, et al. 20

ward method t
in angles ar

file were mea

e ratio of an
ons 24 and 25

ers, 1953) 

Powers in 195
with its own

s the develop

3), N/A = no
Powers

Class 
limits (R) 
0.12-0.17 
0.17-0.25 

0.25-0.35 

0.35-0.49 

0.49-0.70 

0.70-1.00 

determine the 
006). 

to quantify ro
round this p
asured. This i

ngles standin
5 respectively

18

53 developed
 class limits; 

ped by Wade

o-applicable
s (1953) 

Arithmetic 
midpoint 

0.14 
0.21 

0.30 

0.41 

0.59 
 

0.84 

sphericity an

oundness usin
oint that wer
is illustrated i

ng linear par
. 

81 

d a 
it 

ell 

e 

nd 

ng 
re 
in 

rts 



V
 

 

 

 

 
 
 

Figu

 

 

 

 

 

 

 

F
above

W
partic
diame
in mi
ratio o
axis (

 

 

Vol. 18 [20

 
 
 
 

 
 
 

 
 
 

ure 13: Sphe
that 

 
 
 

Figure 1

igure 14 left 
e Equations. (

Wentworth in 
cle to obtain t
eter of a circle
nimum proje
of the radius 
B), see Equat

13], Bund.

ericity and r
appears here

4: Fischer’s 
A=ins

(A) and righ
(Hawkins, 199

1922 (Equati
the outline or
e fitting the sh
ection (SM). W
of curvature 
tion 27.  

. A 

oundness ch
e in the chart

methods of 
scribed circl

ht (B), gives 
93). 

ion 26) used t
r contour (Ba
harpest corne
Wentworth (H
of the most c

(24)

(26

hart. (Cho et,
t is the wade

 
f angularity c
e; B=circum

a similar ang

the maximum
arret, 1980). T
er (DS) and the
Hawkins, 199
convex part (R

)

, al., 2006). T
ell’s Equatio

computation 
mscribed circ

gularity of ap

m projection t
The Equation
e longest axis

93) also expr
RCON) and the

The roundne
on number 22

 (Hawkins, 1
cle 

pproximately 

to define the 
n reflects the 
s (L) plus the 
ressed the rou
e longest axis

18

ess Equation
2 

1993)  

0.42 using th

position of th
relation of th
shortest axis

undness as th
s (L) plus sho

(25)

(27)

82 

n 

he 

he 
he 
 c 
he 
ort 



V
 

 

A
partic

D
axis b
a, b an

 

 

 

 

W
1980)
the sh

 

 

W
the av

 

 

C
(Equa
corne
Wentw
Equat

 

 

Sw
corne
his A
perim

 

 

L
angul

Vol. 18 [20

Actually these
cle is in its ma

Dimensions ca
b. The intentio
nd c are for 3

F

Wentworth 19
) and it relate
harpest corner

Wentworth (19
verage radius 

Cailleux (Barr
ation 31). Ku
r (DS) and t
worth roundn
tion 33. 

wan in 1974 
r(s) (DS1 and 

Average round
meter (PCON) an

Lees (1964a) d
arity instead 

13], Bund.

e last two Equ
aximum proje

an be seen on
on is to make 
D). 

 
 
 

Figure 15: D

919 has a sec
es the diamete
r (DX). 

922b), used d
of the pebble

rett, 1980) re
uenen in 1956
the breath ax
ness with the 

shows his Eq
DS2) and ins

dness of outl
nd the actual 

developed an
of the round

(31

. A 

(

uations are th
ection. 

n Figure 15, L
difference be

Description o

cond way to 
er of the shar

define the rou
e (RAVG): 

elates the rad
6 show his ro
xis (B), Equa
relation of sh

quation (Barr
cribed circle 
line (Krumbe
perimeter (P)

n opposite de
dness, and he

(29)

) 

(34)

he same, just

L and B repre
etween the 2 

of L and B a

express the 
rpest corner (D

undness as the

dius of the m
oundness inde
ation 32. Do
harpest corner

rett, 1980) re
diameter (DI

ein and Petti
), Equation 35

finition to ro
e calls it Deg

t expressed in

esents the ma
and 3 dimens

axes (Hawkin

roundness ca
DS) and the d

e ratio of the 

most convex 
ex (Barrett, 1

obkins & Fol
r (DS) and ins

lating the sha
I), Equation 3
ijohn, 1938) 
5. 

oundness, it m
gree of angul

(32)

n different te

ayor axis a an
sions (L and B

ns, 1993) 

alled Shape i
diameter of a

sharpest corn

 part and th
1980) betwee
lk (1970) use
scribed circle 

arpest (or the
34. Szadeczsk

relating the 

means that he
larity. Figure

18

(35)

erms, when th

nd intermedia
B are for 2D a

index (Barret
a pebble troug

ner (RCON) an

he longest ax
en the sharpe
ed a modifie
 diameter (DI

e two sharpes
ky-Kardoss ha

concave par

e measures th
 16 shows th

(28)

(30)

(33)

83 

he 

te 
as 

tt, 
gh 

nd 

xis 
est 
ed 
I), 

st) 
as 
rts 

he 
he 



V
 
requir
the di

In
indivi

 

 

 

 

 

 

 

A
(1998

 

 

T
the de
Equat
but it 

Vol. 18 [20

rements consi
istance (x). Se

n order to ap
idual result w

Figure 16

A roundness i
8b) it is descri

The last Equat
efinition furth
tion that has b
is a good exa

13], Bund.

idered when E
ee Equation 3

pply the Equ
will add to eac

 

6: Degree of

index appear
ibed as:  

tion appears a
hermore som
been used tryi
ample of the m

. A 

Equation 36 a
36. 

uation 36 cor
h other to obt

f angularity m

rs on Janoo (

also as a 2D d
me authors ha

ing to define 
misuse of the 

applies as the

rners needs t
tain the final 

 
 
 
 
 
 
 

measuremen
 

(1998), Kuo 

descriptor bec
ad used to de
different aspe
quantities an

e angles (α), i

to be entered
degree of ang

nt technique 

and Freeman

cause there is 
efine the roug
ects (spherici

nd definitions.

inscribed circ

d in the form
gularity. 

(Blot and P

n (1998a) an

not a general
ghness, this i
ity, roundness
. 

18

cle (Rmax-in) an

mula, and eac

(36

ye, 2008) 

nd Kuo, et, a

l agreement o
is not the onl
s or roughnes

(

(17)

84 

nd 

ch 

6)

al. 

on 
ly 
s) 



V
 

 

Su
numb
shown

 

 

 

 

 

Su
becau
be use

Asp

Round

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 

Vol. 18 [20

Table

ukumaran an
ber of sharpne
n in Figure 9:

ukumaran  an
use it is the cu
ed to describe

pect 

dness shape in

shape in

roundne

 

 
 
Averag
outline 

roundne

roundne

roundne

roundne

 

roundne

roundne

 

roundne

degree 

 

 

Angula

13], Bund.

e 5: General 

nd Ashmawy
ess corners (E
: 

nd Ashmawy
ut off between
e the roughne

Name 

ndex 

ndex 

ess 

e roundness of 

ess 

ess 

ess 

ess 

ess 

ess 

ess 

of angularity 

rity factor 

. A 

chronologic

y (2001) pres
Equation 37). 

y (2001) also 
n angularity fa
ss. 

A

Wentwort

Wentwort

Wentwort

Fischer 

Fischer 

Szadeczsk

Wadell 

Wadell 

Russel & 

Krumbein

Cailleux

Pettijohn

Powers 

Kuenen 

Krumbein

Lees 

Dobkins &

Swan 

Sukumara
Ashmawy

cal overview

 

sent an angu
Angles βi req

suggested us
factor and surf

Author 

th 

th 

th 

ky-Kardoss  

Taylor 

n 

n and Sloss  

& Folk  

an and 
y 

w of the parti

1) B
2) H
3) K
4) P

ularity factor 
quired to obta

se not bigger 
face roughnes

Year 

19191 diam

1922b shar

1933 conv

19332 nonc

19332 nonc

19333 conv

1935 diam

1935 diam

19372 clas

1941 char

19471 conv

19494 clas

1953 char

19561 axis

1963 char

1964a 
corn
circl

1970 diam

19741 diam

2001 
 
Segm
angl

icle roundne

Barret, 1980 
Hawkins, 1993 
Krumbein and Petti
Powers, 1953 

(AF) calcul
ain the angula

sampling int
ss. If so this E

Based on

meter of sharper 

rpest corner and 

vex parts 

curved parts out

curved-straight p

vex parts-perime

meter of corners 

meter of corners 

s limit table 

rt 

vex parts 

s limit table 

rt and class limit

s-convex corner 

rt 
ners angles and i
le 

meter of sharper 

meter of sharper 

mentation of par
les 

18

ss 

ijohn, 1938 

lated from th
arity factor ar

terval of N=4
Equation coul

n 

corner 

axis 

tline 

parts outline 

eter 

 

 

t table 

inscribed 

corner 

corners 

rticles and 

(37) 

85 

he 
re 

40 
ld 



V
 

A
round
with t

W
aggre
synth
times
The le
The d

 

 

 

 

 

 

 

Fig

 

H
here i

O
define

 

T
betwe

Vol. 18 [20

A third prope
dness properti
the authors, at

Wright in 195
gate using st
etic resin. Th
. The uneven
ength was the

difference betw

ure 17: Mea

However, with
is presented so

One technique
ed as the ratio

The convex p
een the touchi

Figu

13], Bund.

ROUGH
erty called t
ies, since then
t that time, no

5 developed 
tudies done o
he stones wer
nness of the s
en compared 
ween these tw

asurement m

h the advance
ome research

e used by Jano
o between per

 

perimeter is o
ing points tha

ure 18: (a) C

. A 

HNESS OR
exture appea
n, texture pro
ot measurable

a method to q
on 19 mm st
re cut in thin 
urface was tr
with an unev

wo lines was d

method for ch
(Ja

e of technolo
her’s ideas how

oo (1988) to d
rimeter (P) an

obtained usin
at the Feret’s b

Convex perim
(modified 

R SURFA
ars early in 
operty was lon
e.  

quantify the s
tones. The te
sections. The

raced and the
ven line draw
defined as the

haracterizing
anoo, 1998)

ogy it has bec
w this propert

define the rou
nd convex per

ng the Feret’
box describes

meter (CPER)
after Janoo,

ACE TEXT
the literatur
nged describe

surface textur
st aggregates
e sections pro
e total length 
wn as a series
e roughness fa

g the surface

come easier m
ty should be c

ughness can b
rimeter (CPER)

’s box (or d
s each time it 

), (b) Feret m
, 1998) 

TURE 
e with the s
ed but it was

re or roughne
s were first e
ojection was 
of the trace w

s of chords (s
factor. (Janoo 

e texture of a

measure the 
calculated.   

be seen in Fig
). 

diameter) tend
is turn (Figur

measurement

18

sphericity an
 in accordanc

ess of concret
embedded in 
magnified 12
was measured
see Figure 17
1998). 

an aggregate

roughness an

gure 18a and 

ding a line i
re 18b). 

 
t  

(38)

86 

nd 
ce 

te 
a 

25 
d. 

7). 

 

nd 

is 

in 



V
 

K
ratio p

E
Erosio
surfac
the re
dimen
cycles
erosio

 

 

M
ratio, 
invest

 

 

 

 

 

 

 

 

 

 

T
This i
perim
conve

 

H
accura
works

Vol. 18 [20

Kuo and Freem
perimeter (P) 

Erosion and d
on is a morph
ce, which lea
everse process
nsion by addi
s are not stan
on-dilatation (

Mora and 
CR” (Equati

tigation, they 

 
 
 

Figur

The convex ar
is illustrated 

meter but in th
ex area 

TECHN

Hand measure
acy special d
s placing the 

13], Bund.

man (1998a) 
and average 

dilatation ima
hological proc
aves the objec
s of erosion a
ng pixels arou

ndardized. A 
(Equation 40)

ion 41) and t
are:  

re 19: Evalu

rea is the area
in the Figure

his case the a

NIQUES

ment techniq
devices devel
sample on th

. A 

and Kuo et a
diameter (DA

age processin
cess by which
ct less dense 
and a single d
und its bound
represents the
). 

Kwan 
the “fullness 

ation of area

a of the mini
e 19. The con
area between 

S TO DE

HAND M
que was the fi
loped as the 
he sliding roa

(39)

(41)

al., (1998b) u
AVG), Equation

g techniques 
h boundary im
along the pe

dilatation cyc
dary (Pan et a
e original are

(2000) u
ratio, FR” (E

a and convex

mum convex
nvex area is o
the original 

ETERMIN

MEASURE
irst used by o
“sliding rod

ad calliper as 

)

)

use the rough
n 39.  

are used to 
mage pixels a

erimeter or ou
cle increases 
al., 2006). Th
ea and A1 is 

used the 
Equation 42) 

x area (Mora

x boundaries c
obtained in a 
outline and t

NE PART

EMENT 
obvious reaso
d caliper” use

show Figure

hness (RO) de

obtain the su
are removed 
uter boundary
the particle s

he “n” erosion
the area after

“con
in 

a and Kuan, 

circumscribin
a similar way 
the convex pe

TICLE S

ons, in order t
ed by Krumb
e 20b the leng

18

efinition as th

urface textur
from an obje
y. Dilatation 
shape or imag
n and dilatatio
r “n” cycles o

nvexity 
the

2000) 

ng the particl
as the conve

erimeter is ou

SHAPE

to improve th
bein (1941), 
gth in differen

(40)

(42)

87 

he 

re. 
ct 
is 

ge 
on 
of 

eir 

le. 
ex 
ur 

he 
it 
nt 



V
 
positi
actual
shape
20a sh
curva
rock f
show 

 

 

 

 

 

 

 

 

 
 

F
(W

(Kru

A
the pa
partic

 

 

 

Fi

 

S
prope
and e
aggre
value 

Vol. 18 [20

ons can be ob
lly used by op

e analysis (We
hows (the tw

ature; or the “
fragment, so, 
equipment. 

Figure 20: (a
Wenworth, 19

umbein, 194

Another helpfu
article’s conto
cle’s diameter

 
 
 
 

igure 21: Ci

ieving, e.g. a
erties. By com
elongation ind
gate particles
such as 5:1. 

13], Bund.

btain by usin
pticians to m
entworth, 192

wo adjacent pi
“Szadeczky-K

the outline tr

a) convexity
922b), (b) sli
41) and c) Sz

ul tool to dete
our over a cir
r. 

ircle scale us

according to 
mbining mesh
dex, ASTM D
s that have a
The index re

. A 

ng the scale pr
measure the cu
22b) works m
ivots are inva

Kardoss’s app
raced is then 

y gage, used 
iding rod cal
zadeczky-Ka

the pa

ermine the pa
rcle scale app

sed by Wade
r

SIEVE
EN 933-3:1

h geometries t
D4791 (Flat 

a ratio of leng
epresents the p

rovided in th
urvature of len

measuring the 
ariable) as ma
paratus” devel

analyzed (Kr

to determine
liper, device
ardoss (1933
article outlin

article dimens
earing in Figu

ell (1935) to 
oundness 

E ANALYS
1997, can be
the obtained r
and elongate

gth to thickn
percentage on

he handle; the
nses but easi
movement of
any the centr
lop in 1933 t
rumbein and P

e the curvatu
e to measure 
3) apparatus,
ne. 

sions was the
gure 21, thus i

determine p

SIS 
e used to det
results can be
ed particles a

ness equal to 
n weight of th

e “convexity g
ly applicable 
f the central p
ral pivot mov
that traces the
Pettijohn, 193

ure in particl
the particle 
 it was utiliz

e “camera luc
it is possible 

particle’s dia

termine simp
e used to qua
are defined a
or greater th

hese particles

18

gage” that wa
 to the partic
pivot as Figur
ves more is th
e profile of th
38) Figure 20

le corners 
axis length 

zed to obtain

cida” to proje
to measure th

ameter and 

ple large sca
antify flakines
as those coars
han a specifie
s). The metho

88 

as 
le 
re 
he 
he 
0c 

n 

ct 
he 

le 
ss 
se 
ed 
od 



V
 
is not
the sie
EN 9
from 
fractio
the pa
found
standa
using 
comp
Kwan
the te
is the
advan

C
requir
for p
difficu

 
 
 
 
 
 

A
charac
round
chart 

A
two m
that e
defini

F
determ
that th
he con
his stu

Vol. 18 [20

t suitable for 
eve, and the g
33-3:1997 re
4 mm and u
on and the se
articles is ob

d, finally wit
ards related w
sieve analys

uters age and
n, 2000; Perss
esting time co
e error due th
ntages are mo

Charts develo
red when me
ebbles which
ult to measur

 
 
 
 
 
 

Fig

A qualitative c
cteristics, it w

ded, rounded 
was prepared

A new chart in
mean properti
eliminated th
itions. (Krum

olk (1955) w
mination of sp
he sphericity 
ncluded, it wa
udy. 

13], Bund.

fine material
great amount 
lated to flaki

up to 63 mm. 
econd use a b
btain and wit
th this two p
with the parti
sis to determi
d image analy
son, 1998).  In
ompare with t
he overlappin
re compare w

ped over the
asuring each 
h were meas
e due to the s

gure 21: Kru

chart by Powe
was divided o
and well rou

d with photogr

ncluding sphe
ies of particl
he subjectivit

mbein and Slos

worried abou
phericity and
determinatio
as necessary t

. A 

ls. This due t
of particles i

iness index.  
two sieving 

bar sieve, afte
th the second
parameters th
icle shape but
ine particle’s
ysis sieving r
ndustry is also
the traditiona
ng or hiding 

with disadvant

CHART C
e necessity o
particle. Kru

sured by Wa
econd order s

umbein (194

ers (1953) try
on six roundn
unded) and tw
raphs to enha

ericity and ro
e’s shape, fu
ty of qualita
ss, 1963). (Se

ut the perso
angularity (h

n by chart co
to carry out a

to the difficul
n relation to t
The test is p
operations a

er the first sie
d sieving (ba
he flakiness 
t, this above 
 geometrical 

research is tak
o applying th
l sieving met
of the partic

tages (Anders

COMPAR
of faster resu
umbein (1941
adell’s metho
scale that roun

41) comparis
 

y to include b
ness ranges (v
wo sphericity
ance the reade

oundness appe
urthermore, th
ative descript
ee Figure 13).

on’s error on
he used the Po
omparison has
a more wide r

lty to get the 
the area of th

performed on 
are necessary,
eving the ave
ar sieving) th

index is de
presented are
properties. S

king place (A
e image analy
thod. An inco
cles during th
son, 2010).  

RISON 
ults because 
1) present a c
od because th
ndness repres

son chart for

both (sphericit
very angular,
y series (high
er perspective

ear, this time
here was incl
tion. The ch
 

n the chart’
owers 1953 c
s a negligible
research due t

 fine grains p
he sieve (Pers
n aggregates w
, the first sep

erage maximu
he shortest ax
etermined. Th
e probably th
Sieve analysi
Andersson, 20
ysis sieving w
onvenient of i
the capture p

the long tim
comparison ro
his property 
sents. (See Fi

r roundness 

ty and roundn
, angular, sub
h and low sp
e. (See Figure

e it was easier
luded the num
hart is based

s compariso
comparison ch
e error while 
the high varia

18

passed throug
son, 1998) e.
with grain siz
parates on siz
um diameter o
xis diameter 
here are mor
he most know
s is facing th
010; Mora an
with decrees o
image analys

process but th

me consumin
oundness cha
was the mo
gure 22). 

ness) particle
b-angular, sub
phericity). Th
e 12) 

r to handle th
merical value

d on Wadell

on studied th
hart), he foun
the roundnes

ability show b

89 

gh 
g. 
ze 
ze 
of 
is 
re 

wn 
he 
nd 
on 
sis 
he 

ng 
art 
ost 

’s 
b-

his 

he 
es 
’s 

he 
nd 
ss, 
by 



V
 

Im
autom

 

- 

- 

- 

 

 

 

 

 

 

 
F
th

 

 

 

 

 

 

 

Vol. 18 [20

mage analysis
mated. Differe

Feret Diam
can rotate 
22 (left)  t
to determin

Fourier Te
individual 
textural fe
entrant ang
(right). 

 

  

Fractal Dim
and Vallej
of the fract

 

 

Figure 22: (le
he particle to 

te

13], Bund.

s is a practica
ent techniques

meter: the Fer
around one p
hese method 
ne diameters 

echnique: It 
particles (Eq

eatures for gr
gles in order 

mension: Irre
o, 1997), Fig
tal line can be

eft) Feret mea
define the sho
echnique with

. A 

IMAGE
al method to u
s appear to pr

ret diameter i
particle, or ou
is not a fine 
(Janoo, 1988

produces ma
quation 43). 
anular soils. 
to complete 

egular line at 
gure 23 shows
e defined as E

asurement tech
ortest and lon
h two radiuses

E ANALYS
use for shape
rocess these im

is the longitu
utline, to defi
descriptor, bu
) 

athematical re
This method
The problem
the revolutio

any level of 
s fractal analy
Equation 44.

hnique is defi
ngest Feret dia
s at one angle

 

YSIS 
e classificatio
mages, among

ude between t
fine dimension
ut as it was s

elations that 
d favours the 
m in the meth
on (Bowman 

f scrutiny is b
ysis by the d

ined by two p
ameter (Janoo
e (Bowman et

n since it is f
g them are: 

two parallel l
ns, as it is sh
ay above it is

characterize 
analysis of 

hodology rem
et al., 2001),

by definition 
dividing meth

parallel lines t
o, 1988), (righ
t al., 2001) 

19

fast and can b

lines, this line
hown in Figur
s a helpful too

the profile o
roughness an

mains in the re
 see Figure 2

fractal (Hysli
od. The lengt

turning aroun
ht) Fourier 

(43)

(44)

90 

be 

es 
re 
ol 

of 
nd 
e-
22 

ip 
th 

nd 



V
 

 

 

 

 

 

- 

- 

- 

 

 

 

 

 

 

L
can se

A
digita
analy
partic
resolu

W
better

Vol. 18 [20

Figure 2

Orthogona
between th
techniques

Laser Scan
techniques
particles h
the lower 
Tolppanen

Laser-Aide
surveying 
as to use l
certain per

Figure 2

Last two 3D te
ee in Figure 2

All these prev
al way obtaini
sis regarding 

cles; orientatio
ution have an 

When resoluti
r with the real

13], Bund.

23: Fractal an

al image analy
hem to acquir
s can be used 

nning Techni
s. In Figures 
have control p

part, in Fig
n, 2002). 

ed Tomograp
(see Figure 2
iquid with sa
rcent of light 

4: a) Scanni

echniques obt
25 (right). 

vious techniq
ing the desire
on the errors

on is not rele
influence on 

ion is increas
l form, in the 

. A 

nalysis by th
(Hyslip a

ysis: This tec
re the three pa
in this orthog

ique:  this kin
24a) is show

points in orde
gure 24b) it

phy (LAT), in
25, left)). Thi
ame refractive
go through. (M

ing head, b) 

tain the partic

ques are easil
ed measureme
s involve, am
vant when it 
the accuracy

se more accu
other hand, m

he dividing m
nd Vallejo, 

chnique is bas
article dimens
gonal way. 

nd of laser sc
wed the laser
er to keep a r

can be see 

n this case a l
is technique i
e index as the
Matsushima e

scanning pat

cle shape that

ly written in 
ent, but there 

mong them are
is random an
.  (Zeidan et a

uracy is obta
more resolutio

method at dif
1997) 

sically the use
sions (Fernlu

canning 3D is
r head scann

reference poin
the laser pa

laser sheet is 
is different an
e particles, pa
et al., 2003).

th (Lanaro a

t is later used

codes or scr
are some inte

e image resol
nd large numb
al., 2007) 

ain and the o
on means mor

fferent scrut

e of two imag
und, 2005), an

s one of the m
ning the rock
nt when move
ath followed

used to obtai
nd has specia
articles must 

and Tolppane

d to achieve m

ripts to be in
eresting point
lution and ori
ber of particl

object represe
re spending o

19

tiny scale 

ges orthogon
ny of the abov

most advance
k particles, th
e them to sca
. (Lanaro an

in the particle
al requiremen
let the laser o

en, 2002) 

measures as w

nterpreted in 
ts in the imag
ientation of th
es are involv

entation matc
on memory an

91 

al 
ve 

ed 
he 
an 
nd 

es 
nts 
or 

we 

a 
ge 
he 
e; 

ch 
nd 



V
 
time; 
(Schä

 

 

 

 

 

 

 

S
relativ
but n
simila
outpu
perim

In
defini
Krum
used 
Arasa
differ
three 
single
descri
literat
is not
round
Proba
to rec

M
analy
agreem
other 

T
(3-dim

Vol. 18 [20

thus, resolut
äfer, 2002). 

Figure 25: 
c

chäfer (2002
ve high error
ot for perime
ar results whe
ut for those t
meter should b

T
n order to des
itions (qualit

mbein, 1941; S
to simplify t

an et al., 201
rent scales. Th
sub-quantitie

e definition 
iptors are exp
ture that many
t a clear mea
dness, does it 
ably they coul
cognize in mo

Many image a
sis, fractal d
ment on the 
applications. 

There are seve
mensions, 3-d

13], Bund.

tion needs to

(left) LAT s
completed an

) conclude th
s. It can be v
eter that keep
en 3 different
terms/quantit

be treated with

TERMS, Q
scribe the par
tative and q
Sneed & Folk
the complexit
10) are using
he terms are 
es are probab
can interpret

plained, and t
y of the shap

aning on wha
means that th

ld be on theor
ost of the case

analysis techn
dimension, to
usage or con
  

eral shape des
dimension ort

. A 

o be accordin

scaning parti
nd mesh gen

hat attributes 
vanish or at l
p the error as
t resolutions 
ties that invo
h care. 

DIS

QUANTIT
rticle shape i

quantitative) 
k, 1958). All
ty of shape d

g three sub-qu
morphology/

bly the best w
t the whole 
these three sc
e descriptors 
t this descrip
he angularity
ry but not in 
s.  

IMAGE
niques had be
omography, 
nclusion to en

criptors and a
thogonal and

ng with the g

icles (Matsu
nerated. (Mat

like length 
east diminish
s big as initi
were used in 

olve the peri

SCUSSI

TIES AND
in detail, ther
used in the 

l mathematica
description. S
uantities; one
/form, roundn
way to classif

morphology
ales represen
are presented

ptor defines, e
y never ends? 

reality. Physi

E ANALY
een used to d
etc., (Hyslip
nsure the bes

also various t
d 2-dimension

goal and prec

ushima et al.,
tsushima et a

when measur
h using high r
ially. Johanss

n the same pa
imeter. Thus 

ON 

D DEFINI
re are a numb
 literature (
al definitions
Some author
e and each d
ness and surfa
fy and describ
y. Common 
nt an option. I
d with the sam
e.g. when the
 Could they b
ical meaning 

SIS 
describe the 

p and Vallejo
st particle des

techniques to 
ns). Each tech

cision needed

, 2003), (righ
al., 2003) 

ring digital i
resolution jus
son and Vall 
article obtainin

all quantitie

ITIONS 
ber of terms, 
(e.g. Wadell,
s (quantitative
s (Mitchell &

describing the
ace texture (F
be a particle 
language is 

It is evident in
me name but 
ere is no upp
be more and 
of the quanti

particle shap
o, 1997) but
scriptor for g

capture the p
hnique presen

19

d in any work

ht) 3D scan 

images presen
st for diamete
(2011) obtai

ng an unstab
es relating th

quantities an
, 1932, 1934
es) are mode
& Soga, 2005
e shape but 
Figure. 1). Th

because not 
needed whe

n the reviewe
also that ther

per limit in th
more angular

ities is difficu

pe, e.g. Fourie
t there is no

geotechnical o

particles profi
nts advantage

92 

k. 

nt 
er 
in 
le 
he 

nd 
4; 

els 
5; 
at 
he 
a 

en 
ed 
re 
he 
r? 

ult 

er 
ot 
or 

le 
es 



Vol. 18 [2013], Bund. A 193 
 
and disadvantages. 3-dimensions is probably the technique that provide more information about 
the particle shape but the precision also lies in the resolution; the equipment required to perform 
such capture could be more or less sophisticated (scanning particles laying down in one position 
and later move to complete the scanning or just falling down particles to scan it in one step). 3-
dimensions orthogonal, this technique use less sophisticated equipment (compare with the 
previous technique) but its use is limited to particles over 1cm, also, information between the 
orthogonal pictures is not capture. 2-dimensions require non sophisticated equipment but at the 
same time the shape information diminish compare with the previous due the fact that it is 
possible to determine only the outline; as the particle measurements are performed in 2-
dimensions it is presumed that they will lie with its shortest axis perpendicular to the laying 
surface when they are flat, but when the particle tends to have more or less similar axis the laying 
could be random.  

Advantages on the use of image analysis are clear; there is not subjectivity because it is 
possible to obtain same result over the same images. Electronic files do not loose resolution and it 
is important when collaboration among distant work places is done, files can be send with the 
entire confidence and knowing that file properties has not been changed. Technology evolutions 
allowed to work with more information and it also applies to the image processing area were the 
time consumed has been shortened (more images processed in less time).  

One important aspect in image analysis is the used resolution in the analysis due the fact that 
there are measurements dependent and independent on resolution. Thus, those dependent 
measurements should be avoided due the error included when they are applied, or avoid low 
resolution to increase the reliability.  Among these parameters length is the principal parameter 
that is influences by resolution (e.g. perimeter, diameter, axis, etc.). Resolution also has another 
aspect with two faces, quality versus capacity, more resolution (quality) means more storage 
space, a minimum resolution to obtain reasonable and reliable data must be known but it depend 
on each particular application. 

APPLICATIONS 
Quantify changes in particles, in the author’s thought, is one of the future applications due the 

non-invasive methods of taking photographs in the surface of the dam’s slope, rail road ballast or 
roads.  Sampling of the material and comparing with previous results could show volume (3D 
analysis) or area (2D analysis) loss of the particles as well as the form, roundness and roughness. 
This is important when it has been suggested that a soil or rock embankment decrees their 
stability properties (e.g. internal friction angle) with the loss of sphericity, roundness or 
roughness. 

Seepage, stock piling, groundwater, etc., should try to include the particle shape while 
modelling; seepage requires grading material to not allow particles move due the water pressure 
but in angular materials, as it is known, the void ratio is great than the rounded soil, it means the 
space and the possibilities for the small particles to move are greater; stock piling could be 
modelled incorporating the particle shape to determine the bin’s capacity when particle shape 
changes (void ratio changes when particle shape changes)  Modelling requires all information 
available and the understanding of the principles that apply.   

Industry is actually using the particle shape to understand the soil behaviour and transform 
processes into practical and economic, image analysis has been included in the quality control to 
determine particle shape and size because the advantages it brings, e.g. the acquisition of the 
sieving curve for pellets using digital images taken from conveyor, this allows to have the 
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information in a short period of time with a similar result, at least enough from the practical point 
of view, as the traditional sieving. 

CONCLUSIONS 
• A common language needs to be built up to standardize the meaning on geotechnical field 

that involve the particle shape.  

• Based on this review it is not clear which one is the best descriptor. 

• Image analysis tool is objective, make the results repeatable, obtain fast results and work 
with more amount of information. 

• Resolution needs to be taken in consideration when image analysis is been carried out 
because the effects could be considerable. Resolution must be set according to the necessities. 
Parameters as perimeter can be affected by resolution. 

• There are examples where particle shape has been incorporated in industries related to 
geotechnical engineering, e.g. in the ballast and asphalt industry for quality control.  

 

FURTHER WORK 
Three main issues have been identified in this review that will be further investigated; the 

limits of shape descriptors (quantities) influence of grading and choice of descriptor for relation 
to geotechnical properties. 

Shape descriptors have low and high limits, frequently the limits are not the same and the 
ability to describe the particle’s shape is relative. The sensitivity of each descriptor should be 
compare to apply the most suitable descriptor in each situation. 

Sieving curve determine the particle size in a granular soil, particle shape could differ in each 
sieve size. There is the necessity to describe the particle shape on each sieve portion (due to 
practical issues) and included in the sieve curve. Obtain an average shape in determined sieve size 
is complicated (due to the possible presence of several shapes) and to obtain the particle shape on 
the overall particle’s size is challenging, how the particle shape should be included? 

Since several descriptors have been used to determine the shape of the particles but how is 
the shape related with the soil properties?  It is convenient to determine the descriptor’s 
correlation with the soil properties. 
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