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3 Terminology and symbols

3.1 Terminology

Particles within particular size ranges or classes are commonly described as cobbles, gravel, coarse sand, silt, etc.
The meaning of such trivial names differs between countries, and in some cases there are no exact translations of
such words from one language to another; for example, the Dutch word "zavel" has no equivalent in English. The
only fraction for which there appears to be common agreement is clay, which is defined as material of less than
0,002 mm equivalent spherical diameter [1, 6]. Such trivial names shall not be used in describing the results of
particle size determination according to this International Standard. Phrases such as "...passing a 20 mm aperture
sieve..." or "...less then 0,063 mm equivalent spherical diameter..." shall be used instead. If trivial names must be
used, for example to cross-reference to another (inter-)national standard, then the trivial name should be defined
explicitly, so g ey Si ; ; equivalent
spherical dianeter) (clause 4 and, for example, [3]). Further, it is common to use the word 'texture' te-dgscribe the
results of patticle size distribution measurements, e.g. 'the particle size of this soil is of clay texture'.(This is incorrect
as the two concepts are different, and the word 'texture’ shall not be used in the test report (clause 10) tp describe
the results olptained by use of this International Standard.

It is commor to refer to sieves as having a particular mesh-size or mesh number. These.are not the sgme as the
sieve apertufe, and the relationship between the various numbers is not immediately‘obvious. The usg of mesh
numbers as f measurement of particle size is difficult to justify, and shall not be usédin reporting the redqults of this
International |[Standard.

3.2 Symbaqls

The following symbols are found throughout the text and, where approptiate, units and quantities are as g|ven below
(Sl conventign is followed for common units e.g. g = gram; m = metre;"mm = millimetre; s = second, etc.).

Mg megadram (106 g)

mPa millipascal

t is the $ettling time, in seconds, of a particle of\diameter dp;
n is the glynamic viscosity of water at the testtemperature (see Table B.2), in millipascals per second
h is the sampling depth, in centimetres;

Os is the mean particle density, innmegagrams per cubic metre (taken as 2,65; note in clause 4);

pw is the |density of the liquidh containing the soil suspension, in megagrams per cubic metre (takep as 1,00;
note il clause 4);

g is the acceleration'due to gravity, in centimetres per second squared (taken as 981);

dp s the gquivalent spherical diameter of the particle of interest, in millimetres;

4  Principle

Particle size distribution is determined by a combination of sieving and sedimentation, starting from air-dried soil [6]
(see note below). A method for undried soil is given in Annex A. Particles not passing a 2 mm aperture sieve are
determined by dry sieving. Particles passing such a sieve, but retained on a 0,063 mm aperture sieve, are
determined by a combination of wet and dry sieving, whilst particles passing the latter sieve are determined by
sedimentation. The pipette method is preferred. A hydrometer method is given in Annex B. A combination of sieving
and sedimentation enables construction of a continuous patrticle size distribution curve.

The key points in this procedure are summarized as a flow chart in Figure 2. This International Standard requires
that the proportions of fractions separated by sedimentation and sieving be determined from the masses of such
fractions obtained by weighing. Other methods of determining the mass of such fractions rely on such things as the
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interaction of particles with electromagnetic radiation or electrical fields [1]. There are often considerable difficulties
in relating the values obtained by different methods, one to another, for the same sample. It is one of the intentions
of this International Standard that close adherence to its details should help minimize interlaboratory variation in the
determination of the particle size distribution of mineral soils. Therefore the proportions of fractions shall be
determined only by weighing. If this is not the method used, then compliance with this International Standard cannot
be claimed in the test report (clause 10).

Both the pipette and hydrometer methods assume that the settling of particles in the sedimentation cylinder is in
accordance with Stokes' Law [1, 6, 9], and the constraints that this implies, namely:

a) the particles are rigid, smooth spheres;

b) the parficies settie I faminar flow T.e. the Reynolds NUMDer 15 1855 than apout 0,2, This constraint 3ets an upper
equivalent spherical particle diameter (below) slightly greater than 0,06 mm for Stokesian(sgttling under
gravity |[1];

c) the sugpension of particles is sufficiently dilute to ensure that no particle interferes with’the settling of any other
particld;

d) there i4 no interaction between particle and fluid;

e) the diameter of the suspension column is large compared to the diameter of:‘the particle, i.e. the fluig is of ‘infinite
extent'

f) the particle has reached its terminal velocity;
g) the particles are of the same relative density.
Thus, the [diameter of a particle is defined in terms of the diameter of a sphere whose behaviour if suspension
matches that of the particle. This is the concept of equivalent spherical diameter. It is the principle ugon which the
expression of the diameter of particles, as derived from-sedimentation, is based in this International Standard.
Stokes' Law can be written, for the purposes of this.nternational Standard, in the form:
t=18nhl[(ps — pw)9dp?]
where
t s the settling time, in seconds, of a particle of diameter dj, (below);
n s the dynamic viscasity of water at the test temperature (Table B.2), in millipascals per secopd;
h s the sampling depth, in centimetres;

Ps |s the mean particle density, in megagrams per cubic metre (taken as 2,65; see note);

pw Isithe density of the liquid containing the soil suspension, in megagrams per cubic metre (taken as 1,00;

nata)
e T1utC ),

g s the acceleration due to gravity, in centimetres per second squared (taken as 981);
dp is the equivalent spherical diameter of the particle of interest, in millimetres;

NOTE — It is realized that there are considerable differences between the densities of sail particles, but for the purposes of
this International Standard it is assumed that the mean particle density is that of quartz, i.e. 2,65 Mg/m3 [10], as this is the
commonest mineral in a very wide range of soils. The density of water is 0,9982 Mg/m3 and 0,9956 Mg/m3 at 20 °C and 30 °C,
respectively [8]. Given the effect of the addition of a small amount of dispersant (8.3.2), the density of water is taken as
1,0000 Mg/m3 over the permitted temperature range of this International Standard (8.2.2). Further, for routine use, it is
recommended that the sampling times be converted to minutes and/or hours, as appropriate, to lessen the risk of error
(Table 3).
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5 Field sampling

The mass of sample taken in the field shall be representative of the particle size distribution, especially if the
amount of the larger particles is to be determined reliably. Table 1 gives recommended minimum masses.

6 Sample preparation

Samples shall be prepared in accordance with the methods given in ISO 11464.

NOTE — For many purposes, particle size distribution is determined only for the fraction of the soil passing a 2 mm aperture
sieve. In this case, the test sample (8.5) may be taken either according to the procedures in ISO 11464 or from the material
passing a 2 mTapeTtuTe Sieve accoraing to 7-2:

7 Dry sieying (material > 2 mm)

7.1 General

The procedure specified in this clause applies to material retained on a 2 mm aperture ‘sieve. Table 34 gives the
maximum mass which shall be retained on sieves of different diameters and apertures./If more than thisfamount of
material is refained, then it shall be subdivided appropriately, and resieved.

7.2 Appar

7.2.1 Test qeves , with apertures which comply with ISO 565, and with.well-fitting covers and receivers.

tus

The full range of sieves appropriate to the largest particle(s) present\should be used (Table 1; note in 7.2.3). The
apertures chpsen shall be stated in the test report (clause 10). The“accuracy of the sieves shall be verifigd monthly
against a set|of master sieves kept for this purpose, using an accepted method such as particle reference materials,
microscopy etc. [1] depending on the sieve aperture. Tolerances shall meet the requirements of ISO 3310-1 and
ISO 3310-2. Bieves that do not meet these specifications shall be discarded. A record shall be kept of such testing.

Brass sieveq are particularly liable to splitting and-distortion, and steel sieves are strongly recommended for the
larger apertuyes.

Special carelshall be taken to ensure that cevers and receivers do not leak. Sieves shall be inspected wgekly when

in regular use, and on every occasion if-used less often. A record shall be kept of such inspections. Round-hole
sieves shall pot be used.

7.2.2 Balange, capable of weighing to an accuracy of within + 0,5 g.

7.2.3 Mechanical sieve shaker

NOTE — It i$ usually impracticable to sieve mechanically at sieve apertures much greater than 20 mm, unless yery heavy-
duty equipment is available. Mechanical sieve shaking is essential to sieve efficiency at smaller apertures.

7.2.4 A sieedrush and a stiff brush.

7.3 Procedure

Weigh the dry test sample, prepared in accordance with ISO 11464, to the nearest 0,5 g (m;). Place the weighed
material on the 20 mm sieve, and by brushing the material gently over the sieve apertures with the stiff brush (to
remove any adhering soil), sieve the material. Take care not to detach any fragments from the primary particles.
Sieve the retained material on the nest of sieves of selected apertures (7.1.1), and record the amount retained on
each sieve to the nearest 0,5 g. Do not overload the sieves (Table 1), but sieve the material in portions if necessary.

Weigh the material passing the 20 mm aperture sieve (m,), or a suitable portion of it (m3) (Table 2) obtained by an
appropriate subsampling method (clause 6), and place this on a nest of sieves, the lowermost having an aperture of
2 mm. Shake the sieves mechanically until no further material passes any of the sieves (see note). Record the
mass of material retained on each sieve and the mass passing the 2 mm aperture sieve.
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The total mass of the fractions should be within 1 % of m, or m;, as appropriate. If it is not, then check for sieve
damage, and discard sieves as appropriate (note in 7.2.3).

Sieve equipment performance should be verified against a suitable test material, e.g. standard particle reference
materials, ballotini, at intervals of one month. The results of this check shall be recorded.

NOTE — For practical purposes, it is usual to choose a standard sieve shaking time which gives an acceptable degree of
sieving efficiency with a wide range of soil materials. The minimum recommended period is 10 min.

Table 1 — Mass of soil sample to be taken for sieving

Maximum size of material forming >10% of the soil Minimum mass of sample to be taken for  sieving
(given as test sieve aperture, in mm) kg
63 50
50 35
37,5 15
28
20 2
14 1
10 0,5
6,3 0,5
5 0,2
2 or smaller 0,1

Tablgl 2 — Maximum mass of material to be retained@n each test sieve at the completion of sieving

Maximum mass
kg
Test sieve aperture Sieve diameter
mm
mm 450 300 200
50 10 4,5
37,5 8 35
28 6 25
20 4 2,0
14 3 15
10 2 1,0
6,3 15 0,75
5 1 ,n Q.5
3,35 0,3
2 0,2
1,18 0,1
0,6 0,075
0,425 0,075
0,3 0,05
0,212 0,05
0,15 0,04
0,063 0,025
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7.4 Calculation and expression of results

©1SO

For the material retained by the 20 mm and larger aperture sieves, calculate the proportion by mass retained by
each sieve as a proportion of m;. For example:

proportion retained on the 20 mm sieve =

[m(20 mm)])/my

For the material passing the 20 mm sieve, multiply the mass of material passing each sieve by m,/mj;, and calculate
this as a proportion of m,. For example:

proportion retained on the 6,3 mm sieve = m(6,3 mm)[(m,/m3)/m;]

Present the |
and the prop
(Figure 1).
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Figure 2 — Flow chart
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Dimensions in millimetres
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1 Bulb capacity 125 ml approx.
2 Pipette and changeover cock capacity ~ 10 ml.

NOTE — This design has been found satisfactory, but alternative designs may be used.

Figure 3 — Sampling pipette for sedimentation test
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A and B 125 ml bulb funnel with stopcock G  Sampling pipette
C Safety bulb suction inlet tube H Sedimentation tube
D Safety bulb D, F and G are joined to three-way stopcock E
F Outlet tube
1 Scale graduated in millimetres 3 Sliding panel
2 Clamps 4 Constant-temperature bath

NOTE — This design has been found satisfactory, but alternative designs may be used.

Figure 4 — Arrangement for lowering sampling pipette into soil suspension

10
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8.2.2 Constant temperature room or bath , which can be maintained at between 20 °C and 30 °C + 0,5 °C. If a
bath is used, it shall accept a sedimentation tube immersed to the 500 ml mark, and shall not vibrate the contents of
the tube. Similarly, if a room is used, it, and its furniture, shall be constructed so that activity does not cause the
tubes and their contents to vibrate.

NOTE — This temperature range has been chosen to allow for the difficulties of maintaining one specified temperature in
different parts of the world. In addition, the lower temperature gives sedimentation times that fit well into an average working
day, whilst the upper temperature still allows for a sensible settling time for the fraction 0,063 mm equivalent spherical diameter
(clause 4, Table 3).

Table 3 — Pipette sampling times and  d, (for a particle density of 2,65 Mg/m  3)
at a sampling depth of I00 mm £ 1 mm at different temperatures

Times, after mixing, of starting sampling operation

Temperature 1 st sample 1) 2nd sample 3rd sample 4.5t sample
°C min S min S min S h min S
20 0 56 4 38 51 35 7 44 16
21 0 54 4 32 50 27 7 34 4
22 0 53 4 26 49 19 7 23 53
23 0 52 4 19 48 7 13 13
24 0 51 4 13 47 0 7 3 2
25 0 49 4 45 52 6 52 50
26 0 48 4 44 53 6 44 2
27 0 47 3 57 43 58 6 35 42
28 0 46 3 52 42 59 6 26 53
29 0 45 3 47 42 3 6 18 33
30 0 44 3 41 41 6 9 45

dp (mm) 0,063 0,020 0,006 0,002
1) Sampling depth 200 mm = 1 mm to allow adequate time for the stabilization of the suspension after mixipg.

8.2.3 Twpo glass sedimentation tubes , without pouring lips, of approximate internal diameter 50 mnp, and overall
length 350 mm, graduated at 500 ml volume, and with either rubber bungs to fit, or a stirrer.

8.2.4 Stiryer of noncorrodible material, as in Figure 5.

8.2.5 Five glass,weighing vessels , with masses known to the nearest 0,000 1 g.

8.2.6 Mechamnicatshaker—capablteof keeping-30gof sui-msuspensiomim 150 mtoffiquid—Adevicewhich rotates
the container end-over-end at 30 revolutions/min to 60 revolutions/min is suitable. The vigorous end-to-end type of
shaker, and the horizontal rotary shaker are both unsuitable, and neither shall be used (see note in 8.9).

8.2.7 Test sieves complying with ISO 565, ISO 3310-1 and I1SO 3310-2, having apertures of 2 mm and 0,063 mm,
plus two intermediate sieves. The test report shall state which apertures are used. Round-hole sieves shall not be
used.

NOTE — The choice of the sieve of aperture 0,063 mm given here is for illustration, but accords with the widespread use of
this particle size to define the upper boundary of the silt fraction. Local requirements may decide on another aperture. The
choice of apertures for the intermediate sieves is a matter for local knowledge, but experience suggests that sieves of aperture
close to 0,2 mm and 0,1 mm are useful for a very wide range of soils.

11
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Dimensions in millimetres

550
500

50
oo
|

Prepare a stirfer as shown, suitable materials being

a) brassora
b) Perspex/P
c) asection ¢

8.2.8 Suital

8.2.9 Balan

8.2.10 Dryi

8.2.11 Stop

8.2.12 Desi
five weighing
longer effecti

uminium,
lexiglas
f a rubber stopper fitted onto a glass rod, etc.

Figure 5 — Stirrer; perforated stopper fitted onto glass rod, for example

le sample divider (clause 6).

Ce, capable of weighing to ansaccuracy of within £ 0,000 1 g.

g oven, capable of maintaining a temperature between 105 °C and 110 °C.

clock , readable-to’1 s.

Ccator containing anhydrous silica gel (preferably of the self-indicating type), capable of |
vessels>The desiccant shall be inspected daily and dried at between 105 °C and 110 °(
ve.

olding the
C when no

8.2.13 A 650 ml tall-form glass beaker with cover glass to fit, or a 300 ml centrifuge bottle with a leakproof cap.

NOTE — This apparatus is used for chemical pretreatment, a constant problem during which is the adhesion of very fine
particles to glass. The problem is much reduced if the treatment is carried out in a polycarbonate or polysulfone centrifuge
bottle. Both materials will withstand repeated heating to 120 °C and are resistant to hydrogen peroxide and common dispersing
agents. Their use can also save significant amounts of operator time.

8.2.14 Centrifuge , capable of holding the 300 ml centrifuge bottles (see 8.8).

8.2.15 100 ml measuring cylinder

8.2.16 25 ml pipette .

12
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8.2.17 Gilass filter funnel capable of holding the 0,063 mm sieve.
8.2.18 Wash bottle containing water (8.3).

8.2.19 Rod, of glass or strong plastic, 150 mm to 200 mm long and at least 4 mm in diameter, with a rubber sleeve
at one end.
8.2.20 Electric hotplate, capable of maintaining a temperature between 105 °C and 110 °C.

NOTE — A hotplate is essential if polymer centrifuge bottles are used for the chemical pretreatment, but Bunsen, gauze and
tripod are sufficient if glass beakers are used.

8.2.21 Schtion device similar to that shown in Figure 6 is useful, but not essential.

2

A
1 Tovacyum 3 Pasteur pipette or similar
2 Flexiblg tube 4 Reservoir (51or 101)

Figure 6 — Sketch of suction device

8.2.22 Sipve)brush.

8.2.23 Electrical conductivity meter  accurate to 0,1 dS/m.

8.3 Reagents

All reagents shall be of recognized analytical grade. Use water conforming to class 2 of ISO 3696, i.e. having an
electrical conductivity no greater than 0,1 dS/m at 25 °C at the time of use.

8.3.1 Hydrogen peroxide solution, 30 % volume fraction.

NOTE — A 30 % volume fraction solution is one which will yield 30 ml of gaseous oxygen from 100 ml of solution (under
standard conditions of temperature and pressure) upon reduction to water either by chemical means, or by boiling.

13
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8.3.2 Solution of a dispersing agent.

The most widely used is that prepared by dissolving 33 g of sodium hexametaphosphate and 7 g of anhydrous
sodium carbonate in water to make 1 | of solution. This is the preferred dispersant. Store away from strong sunlight,
and preferably in a dark bottle. Record the date of preparation on the bottle. The solution is unstable and shall be
replaced after one month.

Buffered sodium hexametaphosphate is commonly referred to in the literature as "Calgon”. This is a trade name.
The substance sold as such is often not the reagent described in this subclause, is of variable composition, and
shall not be used as a dispersing agent in the method given in this International Standard [11].

It is permissible to use other dispersing agents (see note), the choice of which shall be recorded in the test report

(clause 10).

Whichever dispersant proves to be the maost suitable for a particular soil, it is essenti

| that the

suspension i
is stable, i.e
sample.

NOTE — Th¢
has been four
firstly that flog
dispersing age
sodium carbo
hexametapho
be required t
analysed with
medium [12].

8.3.3 Octan

NOTE — Oc
pentan-2-ol (al

8.4 Calibrg
8.4.1 Samp

Clean and d
constant-tem
Drain off the
new mass. H
and take the

8.4.2 Dispe
Follow this p

Pipette 25 m

5 examined visually to ensure that effective dispersion has occurred and that the dispersed-s
that no flocculation has, or is, occurring. This inspection shall be carried out for each

e sodium carbonate buffers the solution, and the suspension of the soil, to about pH 9;8\ This disp¢g
d successful with a very wide range of soils. However, if there are signs that dispersion is ineffectiy
culating salts might be present (see 8.8). If dispersion is still unsuccessful after'removal of salts,
ents should be considered. A very effective, but less widely used dispersing agent, is prepared by rd
hate with 20 % volume fraction ammonia solution, in the ratio of 5 ml ammonia solution to 15
phate solution. There are many other dispersing agents [2]. Whichever is chosen, considerable inves

establish its effectiveness. It should be remembered that some soils 'show fewer problems of d
but drying (Annex A). Some soils derived from recent volcanic depasits.will disperse more effectivel

-2-0l or a similar volatile antifoaming agent.

an-2-ol is highly effective and relatively long-lasting. Ethanol or methanol can also be used, but
myl alcohol) is discouraged because it is potentially addictive.

itions

ing pipette (Figure 4)

[y the pipette thoroughly and immerse the tip in water held at the same temperature as
water above E through F. Drain the pipette into a weighing bottle of known mass, and det
rom the known masses caleulate the internal volume of the pipette. Repeat this exercise t
average of the three vplumes as the internal volume of the pipette to the nearest 0,05 ml (V.

'sing agent correction

ocedure eachtime a new batch of dispersing agent is prepared.

of dispersing agent solution into one of the glass sedimentation tubes, and fill the tube to

uspension
and every

rsing agent
e, consider
then other
placing the

ml of the
tigation will
ispersion if
in an acid

the use of

hat of the

perature environment (8.2.2). By means of a tube attached to C, draw water into the pipett¢ above E.

brmine the
ree times
ml).

he 500 ml

mark with wa
and leave th

!

iter. Mix.the contents of the tube thoroughly. Place the tube in the constant temperature en
tube Yor at least 1 h. Between any of the times at which samples may be taken from the sa

vironment,
pling tube

(Table 3), takeza sample (V. ml) of the dispersing agent solution from the sedimentation tube using th¢ sampling

pipette. Drain the pipette into a weighing vessel of known mass, and dry the contents of the vessel between 105 °C
and 110 °C. Allow the vessel to cool in the desiccator and determine the mass of the residue in the vessel to
0,000 1 g (m,).

NOTE — The minimum temperature equilibration period in the water bath is 1 h, but if a large number of tubes is placed in a
bath equilibration will take at least 4 h. In such cases it is advantageous to arrange the work so that equilibration takes place
overnight. Equilibration will be quicker if the supply of water used to fill up the tubes is kept at, or near to, the same temperature
as the constant-temperature environment.

8.5 The test sample

The test sample shall be taken from the material passing a 2 mm aperture sieve (clause 6 and 7.2) and weighed to
the nearest 0,001 g (mg). The mass of test sample depends on the type of soil. Approximately 30 g for a sandy soil
and 10 g for a clay soil are appropriate for pipette analysis, with proportionate masses for soils intermediate to these
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extremes. For the hydrometer method (Annex B), take twice this amount of material. Place the test sample in either
the 650 ml glass beaker or the 300 ml centrifuge bottle (8.2.13 and its note).

NOTE — Highly organic soils contain relatively little mineral matter. It might be necessary to take up to 100 g of such soils in
order to obtain sufficient mineral matter for a reliable analysis of the particle size distribution of this component. Such a large
amount of organic material should be apportioned between several vessels for ease of operation, with combination of the
mineral residues at a later stage.

8.6 Destruction of organic matter

Destroy the organic matter with hydrogen peroxide solution as follows. Add approximately 30 ml of water to the test
sample and allow it to become thoroughly wet (see note 1 below). Add 30 ml of 30 % volume fraction hydrogen

ous reaction

peroxide
can cause
vigorous r

WARNING
forms of o
in soil. Do
slow react

If using th
bunsen by
contents f
gentle boi
still undec
hydrogen
removed 3

If destruc
between 1
centrifuge
sleeve on
obtain a ¢
decant the
or nearly s

NOTE 1 O
beneficial.

If a centrif
solution.
or decant
residues d
below 0,4

nllltinn, and-mix the contents of the vessel very gnnfl\]/ ||t:ing the glnee or plncfir‘ rod. A \/ig

foaming of the sample mixture. This can be controlled by adding a few millilitres of octan=2
baction to subside.

— Carry out this step with caution. Hydrogen peroxide can decompose violéntly with
rganic matter, manganese compounds and finely-particulate iron sulfides, all of which can o

on by heating or addition of more hydrogen peroxide.
e 650 ml beaker, cover with the cover glass and leave overnight.<Place the vessel on th

equently. Do not allow the contents to dry out, adding more water. if necessary. Bring the su
and heat until all signs of bubbling due to decomposition of hydrogen peroxide have ceas

peroxide. Highly organic soils will need several suchktreatments, the products of the rd
fter every 2 or 3 treatments before continuing with mote peroxide.

on of organic matter has been carried out in_acentrifuge bottle, bring the volume of thg
50 ml and 200 ml by addition of water. If a glass beaker has been used, then transfer the
bottle, taking care to remove all traces of /material from the sides of the beaker by means
the glass or plastic rod. Again, the final yoldme should be 150 ml to 200 ml. Centrifuge the b
ear supernatant [15 min at a minimuny relative centrifugal force (RCF) of 400g is recomn
latter or remove by means of the suction device. Repeat the treatment until the supernatant
0.

ry organic materials are often\strongly hydrophobic, in which case the addition of a few drops of oct

Lige is not available,\the mineral residues may be flocculated by adding 25 ml of 1 mol/l cal

Stir thoroughly, bring to about 250 ml with water, allow to stand until the supernatant is clear
this from thé¢residue. Add another 250 ml of water and repeat the washing procedure uyntil the dark

f the decomposed organic matter have gone. Check that the electrical conductivity of the
dS/m befare attempting to disperse the residue (8.8).

rner, as appropriate (8.2.20) and warm gently. Control any foaming‘with octan-2-ol as beforg¢,

ol. Allow any

some
Ccur

not examine the reaction by looking into the top of the vessel, Do not accelerate an apparently

e hotplate or
and stir the
Epension to a
pd. If there is

bmposed organic matter, remove the vessel from the heaf)allow it to cool and repeat the tjeatment with

action being

b contents to
Contents to a
pf the rubber
ottle so as to
nended], and
is colourless

An-2-ol can be

Cium chloride
then siphon

washings is

n filter paper

Another aternatlve is to filter the resrdue from the oxrdatlon step on a hardened hlgh wet- strengt
(2,7 um pore , A It is essential
to observe the filtrate closely to see that no sorI is lost. If partlcles pass through the fllter paper return the filtrate to
the container, add calcium chloride solution to the suspension as above, stir and refilter.

If flocculation with calcium chloride, or filtration are ineffective in preventing loss of fine soil particles, then a few
drops of a 60 g/l aluminium sulfate solution can be stirred into the soil suspension. The absolute minimum of
aluminium sulfate shall be used, as excess could cause problems in the subsequent dispersion of the soil.

NOTE 2 Lignified (woody) residues of plants are extremely difficult to decompose, and their complete destruction is often
impossible. Such fragments are usually regarded as decomposed when they have lost all traces of dark colour.

Transfer the washed residue quantitatively to a centrifuge bottle. In all cases, it is not essential for the supernatant
to be absolutely colourless, so long as it is obvious that the bulk of the dark decomposition products of the organic
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matter have been removed, but the solution shall be clear. The use of calcium chloride solution or aluminium sulfate
solution, in conjunction with filtration, decantation, suction or siphoning, shall be recorded on the test report
(clause 10).

8.7 Removal of soluble salts and gypsum

After removal of the residues following the destruction of organic matter, add sufficient water to the soil in the
centrifuge bottle so that the soil:water ratio is between 1:4 and 1:6 by volume. Shake the contents of the bottle
vigorously so that all the sediment is in suspension; then shake for 1 h on the end-over-end shaking machine.
Centrifuge to obtain a clear supernatant and measure its electrical conductivity (E;). If the latter is < 0,4 dS/m,
soluble salts and gypsum are not present in significant amounts. If the value of the E_ is > 0,4 dS/m, then remove
the supernatant in which the E. was measured. Add 250 ml of water to the soil residue, cap the bottle and shake on

the end-over
is < 0,4 dS/m
(8.8). If the E
removal of gy

Whilst the re
carbonates i
preferred pr(
dithionite in ¢

-end shaking machine for 1 h. Centrifuge to obtain a clear supernatant and measure the £
, soluble salts and gypsum have been removed to an extent sufficient not to interfere inthe
. is > 0,4 dS/m, repeat the washing procedure until the E of the supernatant is < 0,4 dS/m.
psum in the test report (clause 10).

moval of soluble salts and gypsum is obligatory, that of iron (and associated aluminium) oxig
not (see note below). The removal of these compounds is a matter for localrdecision, but i
cedures are as follows. Iron oxides are removed by shaking the soil ‘overnight with 40

a. 0,3 mol/l sodium acetate solution buffered to pH 3,8 with acetic acid;-in the ratio of 1 par

parts of solugon, both by volume.

Very iron-rich soils usually need several treatments. Magnetite is not affected by this procedure [7]. In c€g

especially th
well as iron.
excess of aq

The following
the removal

the washed,

of 25 ml of a
15 min, stirri
overnight. If

decanted, ot
with water ur
fraction, then
that there wil
1 mol/l calciy

pse developed from recent volcanic deposits, this reagent can remove large quantities of alu
Calcium and magnesium carbonates are removed by.tfeating the soil with the minimun
Lieous hydrochloric acid.

procedure has been found to be applicable to a widé range of soils, and is best applied to th
bf organic matter (8.6). Where the carbonate. gontent is greater than about 2 % mass fract
Centrifuged soil (above) 4 ml of 1 mol/l hydroehloric acid for each percent of carbonate, plus
id. Make up to about 250 ml with water, and place the suspension on the water bath at aboy
g the suspension from time to time. Remove from the water bath and leave the suspensid

herwise centrifugation (8.6) and decantation will be necessary. Repeat the washing and d
til the E,. of the supernatant is less than 0,4 dS/m. If the carbonate content is less than about
only an initial 25 ml of 1 mal/l' hydrochloric acid solution is required. However, there is th
be insufficient calcium in"solution to give good flocculation. It is recommended, therefore, th
m chloride solution isradded at the same time as the acid. The rest of the procedure is id

both situatiops. If magnesium carbonates are present in substantial amounts, then the treatment can |

Hot hydrochl
Removal of i

NOTE — Be
carbonates is

bric acid shall notde used in soils containing significant amounts of chlorite, as this can disso
on/aluminium<oxides and/or carbonates shall be recorded in the test report (clause 10).

cause of-thé slowness of the procedure and the difficulty of quantitative recovery of the residue,
hot normally a routine procedure in the determination of particle size distribution.

again. If it
dispersion
Record the

es, and of
done, the
O/l sodium
t soil to 40

rtain soils,
Mminium as
N possible

e soil after
on, add to
an excess
t 80 °C for
n to stand

he soil flocculates sufficiently to leave-a perfectly clear supernatant, then this can be siphgned off or

ecantation
2 % mass
bn the risk
At 20 ml of
entical for
e lengthy.
Ive.

removal of

8.8 Dispe

fon

Add sufficient water to the centrifuge bottle so that the total volume is between 150 ml and 200 ml, shake the
contents until all the soil is in suspension, and add 25 ml of dispersing agent from a pipette. Shake the bottle for
18 h on the end-over-end shaker. Ensure that if soils are shaken over the weekend, the total shaking time is 18 h.

NOTE — For operational reasons, overnight shaking is a sensible option.

If an end-over-end shaker is not available, then a vibrating blade stirrer can be used, but the blender type of stirrer
should not be used because it can comminute primary particles.
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8.9 Wet sieving at 0,063 mm

Place a 0,063 mm aperture sieve in the large glass funnel, and place the funnel in the stand so that the neck of the
funnel is inside one of the 500 ml sedimentation tubes. Transfer the dispersed suspension from the centrifuge bottle
guantitatively onto the sieve, and wash the soil using a jet of water from the wash-bottle until the water runs clear. If
necessary, agitate the suspension on the sieve, to alleviate sieve blockage, using the glass or plastic rod and
rubber sleeve. Take great care to avoid damage to the sieve mesh when this is done. The total volume of the
washings should not exceed 500 ml.

NOTE — Certain highly weathered tropical soils can be difficult to sieve, and it can help to wet the sieve by gently rubbing a

few drops of dispersing agent over and under the mesh prior to this step.

Remove tiie
spray fronp the wash-bottle. Place th|s dish in an oven between 105 °C and 110 °C until the residue
any particles adhering to the inside of the funnel into the sedimentation tube. Allow the dried residue to
sieve on the sieves <2 mm down to 0,063 mm, returning any material passing the latter to the
cylinder. Weigh the fractions retained on each sieve, and record their masses. Make up, the susp
sedimentation tube to 500 ml with water.

8.10 Se

Place the
to the 500
8.4.2). Ag

Himentation

Eedimentation tube in the constant temperature environment. If a bathis used, the tube shall

ml mark. Allow the tube and contents to equilibrate with the demperature of the system
tate the contents of the sedimentation tube vigorously, eithef.by means of the stirrer, whi
used with ja powerful plunging action, or by inserting a bung in the tube; followed by end-over-end sha
cases no material shall be left adhering to the base of the tube. The contents of the tube shall be agi
30 times/min for a minimum of 2 min. Replace the tube upright in.the constant-temperature environmen

The instar
bungs hay
About 15
suspensio

t the tube and contents are placed upright, or stirring with the plunger stops, start the tin
e been used, then remove them from the cylinder, taking care not to agitate the cylinder wh
5 before a sample is to be taken (Table 3),~lower the pipette, with tap E closed, vertically
N, and centrally in the sedimentation tube) until the tip is the appropriate depth (x 1 mr
suspensiop surface (Table 3). Take care to disturb-the suspension as little as possible, and complete

ms of a gentle

is dry. Wash
cool, and re-

dedimentation

pnsion in the

be immersed
(see note in
ch should be
iking. In both
ated at least
t.

her. If rubber
ilst doing so.
into the soil
n) below the
he operation

within abopt 10 s. Open tap E and withdraw a-'sample of the suspension such that the pipette and the
are full. This sampling operation shall take about 10 s. Withdraw the pipette from the suspension so
the pipettq is clear of the top of the sedinientation tube.

During thg
beaker do
and out th

sampling some of the sdspension can be drawn above tap E into bulb D. Run this surplus
vn outlet tube F by opening tap E so that E and D are connected. Wash with water from res
ough F until no suspension remains in this part of the system.

Place a w
contents @

eighing vessel‘of known mass (to 0,000 1 g) under the tip of the pipette and open tap
f the pipette_aré delivered to the vessel. Wash any suspension left on the inner walls of th

bore of tap E
hat the tip of

into a small
voir A into D

so that the
pipette into

the vessel
the oven h

times giver asses msy,
mss3, etc. The fractlons 0063 mm to 0,002 mm, and <0,002 mm shaII be determmed as a minimum. The
construction of a particle size distribution curve requires that at least two other fractions intermediate between these
two points be determined.

NOTE — The choice of the two fractions is a matter for local decision. Experience suggests that it is more important to
determine the amount of material below 0,032 mm equivalent spherical diameter than material above that size, if a reliable
particle size distribution curve is to be drawn.

8.11 Calculation of results for fractions < 2 mm

The method of calculation assumes that the sample mass is the sum of the constituent fractions, and not the mass
of sample taken as specified in 8.5.
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NOTE — This approach has its drawbacks in that it assumes that there are no significant errors at various stages of the
sampling, drying and weighing of each fraction. However, in order that this International Standard be applicable to the widest
range of soils, it is believed that this assumption is preferable to the risk of errors arising from the inadequate dispersion of

oven-dried soil

. The method given in this clause is thus the preferred method.

Calculate the mass of solid in suspension in 500 ml (mf;, mf,, mfy etc.) in grams, for each pipette sampling time
from the equation:

mf, = msy (500/V,)

where:

mfy is

Similarly, the]
mg=m

where:

my is

Ve is
By way of ex
fraction
fraction

fraction

The samples
contain the s

mass of
mass of
mass of
The principlg

the fractions
this total sam

he calibrated volume of the pipette, in millilitres.

hmple, denote the masses of the pipetted fractions (calculated as in 500 ml) as follows:

ame mass of dispersant, i.e._m,. Thus the mass of the fractions (in grams) can be calculated

mass of solid material in 500 ml of dispersant solution, my, in grams, is given, by:

(500/V,,)

he mass of residue, in grams;

he calibrated volume of the pipette, in millitres.

<0,063 mm = mfy;
<0,020 mm = mf,;
<0,002 mm = mf;.

taken at the shorter time intervals will contain the material of smaller particle size and each

fraction <0,063 mm,t0.<0,020 mm = mf; — mf, = m(0,063 mm to 0,020 mm);
fraction <0,020-m3m to >0,002 mm = mf, — mfz = m(0,020 mm to 0,002 mm),
fraction <0,002 mm = mfz —my = m(<0,002 mm).

is extended to other fractions sampled. The mass of sample <2 mm is thus the sum of the
obtained by wet sieving at 0,063 mm and the masses of the fractions obtained by calculatig

ample will
as:

masses of
n. Denote

ple/mass as my in grams.

Calculate the

proportion in each fraction <2 mm as follows:

proportion = mass of fraction/my

If required, the proportions of material <2 mm in diameter can be recalculated as proportions of the total soil mass
inclusive of material >2 mm in diameter, as follows:

proportion in total soil mass = Py(<2 mm) x Pg(<2 mm)

where:

Pt(<2 m

18

m) is the proportion of the fraction <2 mm;
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Pg(<2 mm) is the proportion of material <2 mm in the total soil (clause 7).

Present the results as a table showing the proportion in each size fraction to two significant figures. State clearly the
basis on which the results are presented, i.e. as a proportion of the material <2 mm, or as a proportion of the total
soil. In addition, the results shall also be presented as a cumulative particle size distribution curve (Figure 1).

9 Precision

The following information is based on replicate analysis (n = 12) of soil types including cambic and humic arenosols,
mollic and calcaric gleysols and fluvisols, a rendzic leptosol, a gypsic regosol, a eutric vertisol, a dystric cambisol

and haplig
stated siz{

fraction for such a range of soil types. Individual laboratories are urged strongly to accumul
as part of a continuous quality control exercise.

cted for the
te such data

Size fraction
mm

Standard deviation
as % of content.in fraction

2,000 to 0,600
0,600 to 0,212
0,212 to 0,063
0,063 to 0,002
<0,002

<1
<2,5
<3
<2
<2

10 Test

The test rg

a) reference to this International Standard,;

b) the datg of the laboratory analysis;

c) the me

the insfructions given within this nternational Standard;

report

port shall include the following information:

hods of test used, specifying.the parts of the standard used where alternatives exist, in acqordance with

d) the resplts of the sieve andpipette analyses, or the hydrometer analyses as appropriate;

e) sufficient information t@_identify the sample unequivocally within the laboratory records;

f) the name of the opérator;

g) the name and address of the laboratory.
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Annex A
(normative)

Determination of particle size distribution of mineral soil material

Al

that is not dried prior to analysis

Introduction

©1SO

This annex A specifies the procedure for soils which should not be dried because of the resulting change in

properties, e
especially w
<2 mm saoil.

The decision
The soils m
oxidized trop
below which
diameter. It i
they are sub
test sampleg
calculation o

A.2 Procd
A.2.1 App
A.2.1.1 Set
A.2.1.2
A.2.1.3 Dry
A2.1.4 Sey

Those made
300 mm, will
A.2.1.5 Pla
A.2.1.6 Sie

A.2.1.7 Sog

Bal@ince capable of weighing to within an accuracy of + 0,5 g.

size the material is discarded. A separate sample is taken for the determination of particleg
5 important that the two test samples are taken at about the same time from the field samp
mitted to the test procedure at similar gravimetric moisture contents. Samples of mass equal
are taken for the determination of the dry mass of the material, and these masses are U
the proportions of the size fractions present in the soil.

rdure for material retained on a 2 mm aperture'sieve

Aratus

of test sieves in accordance with 7.1.2.
ng oven capable of maintaining atemperature between 105 °C and 110 °C.
eral corrosion resistant trays.

from aluminium alloy sheet’about 2 mm thick, with sides about 25 mm deep and a base of le
be suitable.

itic bucket or ather corrosion resistant container of about 10 | capacity.
e brushes. \and a stiff brush such as a wire brush.

ium hexametaphosphate solution  or other suitable dispersing agent (8.3.2).

A.2.1.8

A length of 6

Means-of supporting the test sieves, and a device for washing the material on the sieves.

Specially their dispersion characteristics. Some loss of precision can be expected with/th|s method,
th cohesive soils, due to the greater difficulty in obtaining a representative sample, especjally of the
However, this loss of precision is likely to be less than the errors arising from analysis,_of thg dried soil.
as to which soils should or should not be analysed from the wet state is a matterfor local judgement.
pst likely to need this approach are those developed from recent volcanic materials, cerfain highly
ical soils, and highly cohesive soils. The method involves the wet sieving of'material down to 2 mm,

<2 mm in
le, so that
to the two
sed in the

ngth about

mm bore tubing attached to a tap, or a fine-jet watering-can will suffice for the latter purpose.

A.3 The test sample

Take a mass of sample (clause 6) for sieving in proportion to the largest particles present (Table 1). Weigh the
sample to the nearest 0,5 g and record the weight (m;). Take an equal mass of sample by an exactly similar
procedure and record the mass. Place this sample in a non-corroding tray and dry it in an oven at between 105 °C
and 110 °C. Record the dry mass to the nearest 0,5 g (m,).
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A.4 Dispersion

Place the undried test sample in the plastic bucket, add about 5 | of water and 350 ml of dispersing agent. The
sample shall be covered by the solution. Mix the contents of the container gently and allow to stand overnight.

NOTE — Itis impracticable to attempt to destroy organic matter in samples of this size. Note also that the remarks concerning
dispersion, other than those related to problems of drying, given in the note to 8.3.2 might still apply.

A.5 Sieving at 2 mm

Mix the sample in the bucket gently again, and then pour the suspension slowly onto a nest of sieves (clause 7).
Table 2 dives the mass of sample to be taken in relation to sieve size. Several sievings of pdrtions of the
suspensioh might be needed. Make sure there is no material remaining in the bucket, and thenCgerjtly brush the
material oh the largest-aperture sieve with the stiff brush to remove any material adhering to theprimary particles.
Ensure that no fragments of the latter are dislodged during this process. Wash the material on the sieves thoroughly
and wash|onto the sieve any material adhering to the brush; tap water will suffice for this purpoge. Allow the
material passing the 2 mm sieve to run to waste. Sieve the material on the nest of sieves;, bfush each fraction into a
weighed djsh and dry at between 105 9C and 110 9C. Record the mass retained on each sieve to the rjearest 0,5 g.
The matenjal retained on the 2 mm sieve should be washed thoroughly, any further material passing thge sieve being
allowed to|run to waste.

NOTE — T[he extent to which coarse particles absorb water is impossible tolestimate by eye. Unless lodal experience
suggests sfrongly to the contrary, all fractions should be dried before weighingflt)is realized that there is an apparent paradox
in drying fractions separated by a wet process, and reporting dry-mass proportions. However, wet separation is jmade to avoid
difficulties In dispersion of dried soil, and to avoid changes in particle size distribution due to shrinkage and adhesion of
particles ugon drying. The method given is the preferred method. The masses of the fractions can be reported as| proportions of
each in the|wet soil, if this is desired for some reason. The moisture cantent of each fraction, and of the origina| material shall
then be given in the test report. The practical difficulties of this appreach in routine analysis are very real, and intercomparison
of results bgtween this and the preferred method will be difficult.

Transfer thhe material retained on the 2 mm aperture sieve to a non-corroding tray, and dry the contents in the oven
at a temperature between 105 °C and 110°C. Sjeve-this dried material on a 2 mm aperture sieve, apd record the
mass of the material retained, to the nearest 0,5 g;'Reject any material passing this sieve.

A.6 Calculation and expression<ofresults

A.6.1 Cdalculation

Calculate the mass of material“retained on each sieve as a proportion of the oven-dried sample mass m,. For
example:

propgrtion retainedon the 16 mm sieve = m(16 mm)/m,_

A.6.2 Expressian of results

Present thie results as a table showing the proportion by mass, to two significant figures, retained on gach sieve. In
addition, theresults shall be shown as a cumulative distribution curve (I:igum ’I)

A.7 Wet sieving of material < 2 mm diameter

Sieve the field-moist sample on a 2 mm aperture sieve so as to obtain about 300 g of <2 mm diameter material. It is
usually necessary to rub the sample gently over the sieve mesh to do this. Take care not to damage the sieve
mesh, nor to disaggregate primary particles. Take two subsamples, of about 30 g each, by quartering the sieved
material. The masses of the two samples shall agree to within 0,5 g (m5 and m,).

NOTE — It is convenient to keep a separate 2 mm sieve for this purpose. It can also be convenient to keep a complete set of
sieves for wet sieving if this is to be carried out often. Place one subsample in a non-corroding tray and dry it as in clause A.3.
Record the mass of the dried sample (mj;). The other subsample is taken for sieving and sedimentation in accordance with the
procedure in 8.9 and 8.10.
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A.8 Calculation and expression of results

The proportions of material in the fractions <2 mm equivalent spherical diameter are calculated and expressed as in
8.10 as proportions of the oven-dried mass (/ms).

A.9 The test report

This shall be made in accordance with the criteria given in clause 10. In addition, the report shall state clearly that
the analysis was made on undried material, and the relevant clauses of this International Standard shall be stated.
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Annex B
(normative)

Determination of particle size distribution of mineral soils

by a hydrometer method following destruction of organic matter

B.1

Introduction

This anne
the particl
The analy
taken for
hydromets
the readin
matter has

B.2 Apj

Iltems for v

B.2.1 Hy

The bulb 4
loading m
chemical-
use,andr

with a smgoth surface (Esparto paper is a suitable grade). The stem and bulb shall be circular in cros

symmetric
cleaning,
within 1,59
spacing. T
hydromets
scale shal
when plag
hydromets
permissibl
legibly andg

a) the bas

K B specifies the method to be followed for the quantitative determination, by means of ach
b size distribution of mineral soil material that has been wet-sieved through a 0,063 mm)ay
5is requires that the particle density is known or can be assumed (clause 4), and that'the
analysis, and the organic carbon content of the sample, are known [6]. Studies\have sh
r method is less precise than the pipette method, and that the single greatest-error in the
g of the hydrometer scale [5]. The hydrometer method shall not be used for'samples in v
not been destroyed, as floating organic matter exacerbates the latter problem.

paratus

hich details are not otherwise given are as stated in 8.2.

rometer, of the type illustrated in Figure B.1

nd stem shall be made from glass free from visible defects, resistant to chemicals and well &
terials fitted to the outside base of the hydrometer shall be affixed with a heat- (up to 80 °Q
sistant cement. The soundness of the fixative shall be verified at least weekly when the hyg
bpaired if not in good condition. The scale and markings shall be in permanent ink on a high

al about their common long axis. Fhere shall be no abrupt changes of form that will hindé
pr allow the entrapment of air ‘bubbles. The hydrometer shall float, over its whole range, V
of the vertical. The graduation lines shall be straight, of uniform thickness, and show no ir
he scale shall be straight, without twist, and with graduation lines at right angles to the lorn
r. The graduation lineS shall be every 0,000 5 g/ml, in the format shown in Figure B.1. Theg

ed in water at_20)°C it shows the true density of water at that temperature (see note
r shall be adjusted in relation to a liquid having a surface tension of about 55 mN/m. T
e scale errar.Shall be plus or minus one scale division, i.e. + 0,000 5 g/l. The following sha
permanéntly on the bulb of the hydrometer in a manner that does not obscure any part of th

is of the scale e.g. g/ml at 20 °C (this is the usual basis for commercially available hydromete

drometer, of
erture sieve.
mass of soil
own that the
ormer lies in
hich organic

hnealed. Any
), water- and
rometer is in
quality paper
5-section and
r drying and
vith the stem
egularities in
g axis of the
basis of the

be density (mass-per unit volume) in grams per millilitre. The hydrometer shall be calibrated such that

below). The
ne maximum
Il be marked
P scale:

rs);

b) the ma

Ker's name or mark;

c) a certifying number;

d) the number of this International Standard.

Any alteration or repair to the hydrometer can change its mass, and hence require its recalibration. The masses of
hydrometers shall be verified at least once a month when they are in frequent use. The mass of a hydrometer shall
always be checked when the instrument is brought back into use after an interval. The identifying numbers and
masses of hydrometers shall be recorded in a book kept for that purpose. Readings taken from hydrometers used in
this International Standard shall be recorded in the following manner. Subtract 1,000 from the scale reading and
multiply the remaining number by 1 000 (see note below). Scale readings <1,000 will give negative values, whilst

scale read

ings >1,000 will give positive values.
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Dimensions in millimetres
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NOTE — Calibrations in g/ml at 20 °C

Figure B.1 — Hydrometer for determination of fine particle size

For example
Observed reading Recorded value
0,999 5 -0,5
1,000 0,0
1,0015 +1,5
NOTE — Older hydrometers are commonly calbrated to read a density of water of 1, g/ml a , rather than the true

density of 0,9982 g/ml [6, 8]. It is recommended strongly that older hydrometers of this type are not used in this International
Standard. If there are no others are available, then a value of 1,8 shall be added to the observed hydrometer reading d'
(clauses B.4 and B.5, and Table B.1).

B.2.2 Two 1 | measuring cylinders marked at 1 | volume, about 60 mm diameter, 360 mm high and fitted with
ground glass stoppers.

It is important that all the cylinders have similar dimensions as this affects the calibration of the hydrometer (B.2.1).
If glass stoppers are unavailable, well-fitting rubber stoppers may be used. The cylinders shall not have pouring lips.

B.2.3 Thermometer to cover the temperature range 0 °C to 50 °C, readable to + 0,5 °C.

B.2.4 Mechanical shaker capable of keeping 75 g of soil and 150 ml of water in continuous suspension (8.2.6).
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