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1 State of the art
Measurements of the particle size distributi-

on and characterisation of shape is one of the ne-
cessary tasks in order to describe sediments and 
soil samples in detail (SCHEFFER & SCHACHTSCHABEL 
2002). After pretreatment of unconsolidated rocks 
like drying, gentle comminution of lumps and remo-
val of biological material as well as removal of so-
luble salts (ISO 11464 2006), the classic method 
for measurements of the particle size distribution is 
regulated by several standards (DIN 19683 Blatt 2 
1973, DIN 18123 1971, DIN 66115 1983, DIN ISO 
1299 2000). Most of them are related to the Ger-
man nomenclature for grain size fractions of soils 
and sediments (SCHEFFER & SCHACHTSCHABEL 2002). 
Classic methods for measurements of broadly dis-
tributed samples always require a separation into 
at least one fine and one coarse fraction. 

The common procedure can be described as 
follows: 

Weighting of the pretreated sample-sieve ana-
lysis (manually or sieve shaker) at 2 mm-recording 
the mass of the coarse amount-wet-sieving of the 
fraction < 2 mm at 63 microns-drying and recording 
the mass of the fraction between 63 microns and 
2 mm-measurements of the fraction < 63 microns 
using a sedimentation method (e.g. Andreasen Pi-
pette, Köhn Pipette or Areometer application)-syn-
thesis of sieve- and sedimentation results.

One essential disadvantage of sedimentation 
methods is the long measuring time, sometimes la-
sting longer than one day. In addition it is questiona-
ble, how the density of a sample containing different 
minerals can be determined precisely. Another dis-
advantage is the missing information on the shape 
of the particles: Especially in humid climate zones 
the process of siallitic alteration is responsible for 
an enrichment of clay minerals in the soil and the fi-
ner fractions often reveal essential amounts of kao-

linite, montmorillonite, illite, etc.(RÖLLIG 1971). The-
se minerals belong to the so-called phyllosilicates 
(or layer silicates), which are composed of [SiO4] te-
trahedrons combined with Al-octahedrons. A deter-
mination of shape varies frequently from particle to 
particle. The reason for the “random” shape is, that 
the fit between the network of tetrahedral and oc-
trahedral sheets is based on weak Van der Waals 
forces, thus the fits are not exact, the different dis-
tortions of these sheets have an influence on the 
dimensions of the particles, and the sheet struc-
ture causes a flaky habit of the minerals (HATHA-
WAY 1979). Unfortunately, for the calculation of the 
particle size distribution with help of sedimentation 
technique, which uses settling velocity of the par-
ticles, the precise knowledge of the shape is nee-
ded, especially with regard to the flaky habit of the 
phyllosilicates, which can orientate themselves in 
a laminar flow in that way that their settling veloci-
ty is much slower than it should be for their volu-
me. Hence, this effect results in a too fine calcula-
tion of the particle size distribution with respect to 
the reality. Laser diffraction calculates volume infor-
mation based on the equivalent spherical diameter 
of the particles passing a laser beam in a laminar 
flow, so that all possible orientations are measured 
(DIN 13220-1 1999). Published results of particle 
size analyses of kaolinite, illite as well as montmo-
rillonite revealed  - as expected - much finer dis-
tributions for the results based on sedimentation 
technique than for results based on laser diffrac-
tion, the determination of a correction factor was 
not feasible and for the measurement of the parti-
cle size distribution a laser diffraction system was 
recommended (BERTHOLD, LÜHMANN, KLEIN & NICKEl 
2000).  Missing correlation factors are also known 
from a comparison between sieve-pipette measure-
ments and analyses performed with a laser diffrac-
tion system (BEUSELINCK, GOVERS, POESEN, DEGRAER 
& FROYEN 1998). 
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 2 Introduction of a new measu-
ring method
Thus, in order to overcome the problems appea-

ring with the classic methods, time is ripe to analyse 
soil samples using modern measuring techniques. 

As a proposal of a modern technique, a step 
by step – procedure with a presentation of an ac-
companying sample (field Name: “sand”, fig. 1) is 

Fig. 1: Broadly distributed sample with the field name 
“sand”

given below:
1. Weighing the entire amount of the dry or dried 

sample: 
2. Dry sieving at 6.3 mm and recording the mass 

of the residue on the sieve (9.55 % > 6.3 mm)
3. Wet – sieving of the fraction < 6.3 mm at 63 

microns, weighing and recording the mass of 
the dried residue (60.06 % > 63 microns)

4. Measurement of the fine fraction performed with 
a laser diffraction instrument using a measuring 
range from e.g. 0.5 – 175 microns:

5. Measurement of the fraction between 63 
microns and 6.3 mm performed with an image 
analysis instrument using a measuring range 
from e.g. 20 – 6820 microns:(fig. 2,3). 

 As an outstanding innovation of this measuring 
technique the characterisation of the shape (as 
one essential criterion to identify the compositi-
on of the soil, the grade of transportation or its 
origin) during the analysis itself should be high-
lighted (fig.4).

7. Merge of the results from the image analy-
ser with those from the laser diffraction instru-
ments under consideration of the recorded mass 
measured with the wet–sieving procedure (Fig.. 
5)

8. Visual determination of the maximum size (es-
timated maximum size: Approx. 3 cm) 

9. Link of the merged curve with the recorded mass 
of the fraction > 6.3 mm using a commercial eva-
luation software package (fig. 6-8).

Fig. 2: Measurement specification and statistical evaluation ba-
sed on 6 measurements of the fraction < 63 microns 
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As a consequence of the measurements the 
sample was identified as a silty sand with a mi-
nor amount of clay and a reasonable fraction of 
fine gravel. 

3 Conclusions
For measurements of the particle size distributi-

on of broadly distributed sediments and soil samp-
les a separation in fine and coarse fractions by 
sieve procedures is necessary. As classic measu-
ring methods sedimentation techniques for the fi-
nest fraction and sieve procedures for the coarser 
fractions are mandatory. In terms of sedimentation 
techniques, the disadvantages like long measuring 
times and an overestimation of the finest fraction 
are reported since several years. Modern measu-
ring techniques are able to overcome these pro-
blems, but a correlation between classic and mo-
dern methods is often not feasible. 

Fig. 3: Statistical evaluation based on 3 measurements 
of the fraction between 63 microns and 6.3 mm

Fig.4: Image analysis, fraction between 63 μm and 6.3 
mm: Excerpt of 20 particles out of 106 particles with 
EQPC > 1500 μm; total amount of measured particles: 
157605
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Fig. 5: Merged curve
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Fig. 6: Merged and linked curve
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Fig. 7: Cumulative distribution 

Fig.8: Density distribution curve q3lg

The proposed step by step procedure in combi-
nation with the presentation of results will introduce 
the    measurement of the particle size distribution 
and the characterisation of the shape with modern 
measuring techniques. The duration of the proce-
dure is much shorter than the classic one and the 
result is not any longer based on a sedimentation 
method with all the oddities caused by incorrect 
assumptions of shape and density of the particles. 
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