
BSI Standards Publication

Soil quality — Determination of particle 
size distribution in mineral soil material — 
Method by sieving and sedimentation

BS ISO 11277:2020+A1:2024

Full document details: BS ISO 11277:2020+A1:2024

http://www.avadocuments.com/doc/bs-iso-11277-2020-a1-2024
http://www.avadocuments.com/doc/bs-iso-11277-2020-a1-2024


© ISO 2020

Soil quality — Determination of 
particle size distribution in mineral 
soil material — Method by sieving and 
sedimentation
Qualité du sol — Détermination de la répartition granulométrique 
de la matière minérale des sols — Méthode par tamisage et 
sédimentation

INTERNATIONAL 
STANDARD

ISO 11277:
2020+A1

Third edition
2020-04

Reference number
ISO 11277:2020(E)

National foreword

This British Standard is the UK implementation of 
ISO 11277:2020+A1:2024. It supersedes BS ISO 11277:2020, which 
is withdrawn.

The start and finish of text introduced or altered by amendment is 
indicated in the text by tags. Tags indicating changes to ISO text carry 
the number of the ISO amendment. For example, text altered by ISO 
amendment 1 is indicated by .

The UK participation in its preparation was entrusted to Technical 
Committee EH/4, Soil quality.

A list of organizations represented on this committee can be obtained on 
request to its committee manager.

Contractual and legal considerations

This publication has been prepared in good faith, however no 
representation, warranty, assurance or undertaking (express or 
implied) is or will be made, and no responsibility or liability is or will be 
accepted by BSI in relation to the adequacy, accuracy, completeness or 
reasonableness of this publication. All and any such responsibility and 
liability is expressly disclaimed to the full extent permitted by the law.

This publication is provided as is, and is to be used at the 
recipient’s own risk.

The recipient is advised to consider seeking professional guidance with 
respect to its use of this publication.

This publication is not intended to constitute a contract. Users are 
responsible for its correct application.

© The British Standards Institution 2024 
Published by BSI Standards Limited 2024

ISBN 978 0 539 22427 6

ICS 13.080.20

Compliance with a British Standard cannot confer immunity from 
legal obligations.

This British Standard was published under the authority of the 
Standards Policy and Strategy Committee on 30 April 2020.

Amendments/corrigenda issued since publication

Date Text affected

30 June 2024 Implementation of ISO amendment 1:2024

BRITISH STANDARD

Full document details: BS ISO 11277:2020+A1:2024

http://www.avadocuments.com/doc/bs-iso-11277-2020-a1-2024
http://www.avadocuments.com/doc/bs-iso-11277-2020-a1-2024


© ISO 2020

Soil quality — Determination of 
particle size distribution in mineral 
soil material — Method by sieving and 
sedimentation
Qualité du sol — Détermination de la répartition granulométrique 
de la matière minérale des sols — Méthode par tamisage et 
sédimentation

INTERNATIONAL 
STANDARD

ISO 11277:
2020+A1

Third edition
2020-04

Reference number
ISO 11277:2020(E)

Full document details: BS ISO 11277:2020+A1:2024

http://www.avadocuments.com/doc/bs-iso-11277-2020-a1-2024
http://www.avadocuments.com/doc/bs-iso-11277-2020-a1-2024


﻿

﻿

ii� © ISO 2020 – All rights reserved

COPYRIGHT PROTECTED DOCUMENT

©  ISO 2020
All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may 
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting 
on the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address 
below or ISO’s member body in the country of the requester.

ISO copyright office
CP 401 • Ch. de Blandonnet 8
CH-1214 Vernier, Geneva
Phone: +41 22 749 01 11
Fax: +41 22 749 09 47
Email: copyright@iso.org
Website: www.iso.org

Published in Switzerland

Full document details: BS ISO 11277:2020+A1:2024

http://www.avadocuments.com/doc/bs-iso-11277-2020-a1-2024
http://www.avadocuments.com/doc/bs-iso-11277-2020-a1-2024


﻿

﻿

Foreword.........................................................................................................................................................................................................................................iv
Introduction...................................................................................................................................................................................................................................v
1	 Scope.................................................................................................................................................................................................................................. 1
2	 Normative references....................................................................................................................................................................................... 1
3	 Terms and definitions...................................................................................................................................................................................... 1
4	 Symbols........................................................................................................................................................................................................................... 2
5	 Principle......................................................................................................................................................................................................................... 2
6	 Field sampling.......................................................................................................................................................................................................... 3
7	 Sample preparation............................................................................................................................................................................................ 4
8	 Dry sieving (material >2 mm) .................................................................................................................................................................... 4

8.1	 General............................................................................................................................................................................................................ 4
8.2	 Apparatus..................................................................................................................................................................................................... 4
8.3	 Procedure..................................................................................................................................................................................................... 5
8.4	 Calculation and expression of results.................................................................................................................................. 6

9	 Wet sieving and sedimentation (material <2 mm) .............................................................................................................. 6
9.1	 General............................................................................................................................................................................................................ 6
9.2	 Apparatus..................................................................................................................................................................................................... 6
9.3	 Reagents..................................................................................................................................................................................................... 15
9.4	 Calibrations.............................................................................................................................................................................................. 16

9.4.1	 Sampling pipette (see Figure 4)........................................................................................................................ 16
9.4.2	 Dispersing-agent correction................................................................................................................................ 16

9.5	 Test sample............................................................................................................................................................................................... 16
9.6	

Text deleted
9.7	 Removal of soluble salts and gypsum............................................................................................................................... 19
9.8	 Removal of carbonates................................................................................................................................................................... 19
9.9	 Removal of iron oxides................................................................................................................................................................... 20
9.10	 Dispersion................................................................................................................................................................................................. 20
9.11	 Wet sieving at 0,063 mm.............................................................................................................................................................. 20
9.12	 Sedimentation........................................................................................................................................................................................ 21
9.13	 Calculation of results for fractions <2 mm.................................................................................................................... 22

10	 Test report.................................................................................................................................................................................................................23
Annex A (normative) Determination of particle size distribution of mineral soil material 

that is not dried prior to analysis......................................................................................................................................................24
Annex B (normative) Determination of particle size distribution of mineral soils by a 

hydrometer method following destruction of organic matter............................................................................27

Annex D (informative) Ultrasonic bath assisted wet sieving and sedimentation ...............................................38
Bibliography .............................................................................................................................................................................................................................40

© ISO 2020 – All rights reserved� iii

Contents� Page

Destruction of organic matter ................................................................................................................................................. 17

Annex C (informative) Precision of the method .....................................................................................................................................36
 

Full document details: BS ISO 11277:2020+A1:2024

http://www.avadocuments.com/doc/bs-iso-11277-2020-a1-2024
http://www.avadocuments.com/doc/bs-iso-11277-2020-a1-2024


﻿

﻿





 
             
            
            
           


             












              
            



            
















iv� © ISO 2020 – All rights reserved

Full document details: BS ISO 11277:2020+A1:2024

https://www.iso.org/directives-and-policies.html
https://www.iso.org/iso-standards-and-patents.html
https://www.iso.org/foreword-supplementary-information.html
https://www.iso.org/foreword-supplementary-information.html
https://www.iso.org/members.html
http://www.avadocuments.com/doc/bs-iso-11277-2020-a1-2024
http://www.avadocuments.com/doc/bs-iso-11277-2020-a1-2024


﻿

Introduction

The physical and chemical behaviour of soils is controlled in part by the amounts of mineral particles 
of different sizes in the soil. The subject of this document is the quantitative measurement of such 
amounts (expressed as a proportion or percentage of the total mass of the mineral soil), within stated 
size classes.

The determination of particle size distribution is affected by organic matter, soluble salts, cementing 
agents (like iron compounds), relatively insoluble substances such as carbonates and sulfates, or 
combinations of these. Some soils change their behaviour to such a degree, upon drying, that the 
particle size distribution of the dried material bears little or no relation to that of the undried material 
encountered under natural conditions. This is particularly true of soils rich in organic matter, those 
developed from recent volcanic deposits, some highly weathered tropical soils, and soils often described 
as “cohesive” (see Reference [4]). Other soils, such as the so-called “sub-plastic” soils of Australia, show 
little or no tendency to disperse under normal laboratory treatments, despite field evidence of large 
clay content.

The procedures given in this document recognize these kinds of differences between soils from different 
environments, and the methodology presented is designed to deal with them in a structured manner. 
Such differences in soil behaviour can be very important, but awareness of them depends usually on 
local knowledge. Given that the laboratory is commonly distant from the site of the field operation, 
the information supplied by field teams becomes crucial to the choice of an appropriate laboratory 
procedure. This choice can be made only if the laboratory is made fully aware of this background 
information.

© ISO 2020 – All rights reserved� v

ISO 11277:2020+A1:2024(E)  

Full document details: BS ISO 11277:2020+A1:2024

http://www.avadocuments.com/doc/bs-iso-11277-2020-a1-2024
http://www.avadocuments.com/doc/bs-iso-11277-2020-a1-2024


Full document details: BS ISO 11277:2020+A1:2024

http://www.avadocuments.com/doc/bs-iso-11277-2020-a1-2024
http://www.avadocuments.com/doc/bs-iso-11277-2020-a1-2024


﻿

Soil quality — Determination of particle size distribution 
in mineral soil material — Method by sieving and 
sedimentation
WARNING — Persons using this document should be familiar with usual laboratory practice. 
This document does not purport to address all of the safety problems, if any, associated with its 
use. It is the responsibility of the user to establish appropriate safety and health practices and to 
ensure compliance with any national regulatory conditions.

IMPORTANT — It is absolutely essential that tests, conducted in accordance with this document, 
be carried out by suitably qualified staff.

1	 Scope

This document specifies a basic method of determining the particle size distribution applicable to a 
wide range of mineral soil materials, including the mineral fraction of organic soils. It also offers 
procedures to deal with the less common soils mentioned in the introduction. This document has been 
developed largely for use in the field of environmental science, and its use in geotechnical investigations 
is something for which professional advice might be required.

A major objective of this document is the determination of enough size fractions to enable the 
construction of a reliable particle-size-distribution curve.

This document does not apply to the determination of the particle size distribution of the organic 
components of soil, i.e. the more or less fragile, partially decomposed, remains of plants and animals. 
It is also realized that the chemical pre-treatments and mechanical handling stages in this document 
could cause disintegration of weakly cohesive particles that, from field inspection, might be regarded 
as primary particles, even though such primary particles could be better described as aggregates. If 
such disintegration is undesirable, then this document is not used for the determination of the particle 
size distribution of such weakly cohesive materials.

2	 Normative references

The following documents are referred to in the text in such a way that some or all of their content 
constitutes requirements of this document. For dated references, only the edition cited applies. For 
undated references, the latest edition of the referenced document (including any amendments) applies.

ISO 565, Test sieves — Metal wire cloth, perforated metal plate and electroformed sheet — Nominal sizes 
of openings

ISO 3310-1, Test sieves — Technical requirements and testing — Part 1: Test sieves of metal wire cloth

ISO 3310-2, Test sieves — Technical requirements and testing — Part 2: Test sieves of perforated metal plate

ISO 11265, Soil quality — Determination of the specific electrical conductivity

ISO 11464, Soil quality — Pretreatment of samples for physico-chemical analysis

3	 Terms and definitions

There are no normative references in this document.

INTERNATIONAL STANDARD�
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a) the particles are rigid, smooth spheres;

b) the particles settle in laminar flow, i.e. the Reynolds Number is less than about 0,2; this constraint
sets an upper equivalent spherical particle diameter (see below) slightly greater than 0,06 mm for
Stokesian settling under gravity (Reference [2]);

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

d) there is no interaction between the particle and fluid;

e) the diameter of the suspension column is large compared to the diameter of the particle, i.e. the
fluid 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 in 
suspension matches that of the particle. This is the concept of equivalent spherical diameter. It is the 
principle upon which the expression of the diameter of particles, as derived from sedimentation, is 
based in this document.
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Stokes's Law can be written, for the purposes of this document, as in Formula (1):

t h gd= −( ) 18 2η ρ ρ/ s w p (1)

where

t is the settling time, in seconds, of a particle of diameter dp (see below);

η is the dynamic viscosity of water at the test temperature (see Table B.2), in millipascals 
per second;

h is the sampling depth, in centimetres;

ρs is the mean particle density, in megagrams per cubic metre (taken as 2,65 Mg/m3; see note);

ρw is the density of the liquid containing the soil suspension, in megagrams per cubic metre 
(taken as 1,00 Mg/m3; see note);

g is the acceleration due to gravity, in centimetres per second squared (taken as 981 cm/s2);

dp is the equivalent spherical diameter of the particle of interest, in millimetres.

NOTE 1	 It is realized that there are considerable differences between the densities of soil particles, but for 
the purposes of this document it is assumed that the mean particle density is that of quartz, i.e. 2,65  Mg/m3 
(Reference [8]), as this is the commonest mineral in a very wide range of soils. The density of water is 0,998 2 Mg/
m3 and 0,995 6 Mg/m3 at 20 °C and 30 °C, respectively (see Reference [6]). Given the effect of the addition of 
a small amount of dispersant (see 9.3.2), the density of water is taken as 1,000  0  Mg/m3 over the permitted 
temperature range of this document (see 9.2.2).

Furthermore, 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 (see Table 3).

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 (References [4]). Such 
trivial names shall not be used in describing the results of particle size determination according to this 
document. Phrases such as “... passing a 20 mm aperture sieve ...” or “... less than 0,063 mm equivalent 
spherical diameter ...” shall be used instead. If trivial names shall be used, for example, to cross-reference 
to another International or National Standard, then the trivial name should be defined explicitly, so as 
to remove any doubt as to the meaning intended, e.g. silt (0,063 mm to 0,002 mm equivalent spherical 
diameter) (see Clause 4). Furthermore, it is common to use the word “texture” to describe the results 
of particle-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 
(see Clause 10) to describe the results obtained by the use of this document.

6	 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.
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Table 1 — Mass of soil sample to be taken for sieving

Maximum size of material forming > 10 % of the soil
(given as test sieve aperture, in mm)

Minimum mass of sample to be taken for sieving
kg

63 50
50 35

37,5 15
28 6
20 2
14 1
10 0,5
6,3 0,5
5 0,2

2 or smaller 0,1

7	 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 (9.5) can be taken either according to the procedures in 
ISO 11464 or from the material passing a 2 mm aperture sieve according to 8.2.

8	 Dry sieving (material >2 mm) 

8.1	 General

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

It is common to refer to sieves as having a particular mesh-size or mesh number. These are not the same 
as the sieve aperture, and the relationship between the various numbers is not immediately obvious. 
The use of mesh numbers as a measurement of particle size is difficult to justify, and shall not be used in 
reporting the results of this document.

8.2	 Apparatus

8.2.1	 Test sieves, with apertures according to ISO 565, and with well-fitting covers and receivers.

The full range of sieves appropriate to the largest particle(s) present should be used (see Table 1 and 
9.2.3). The apertures chosen shall be stated in the test report (Clause 10). The accuracy of the sieves 
shall be verified monthly against a set of master sieves kept for this purpose, using an accepted 
method such as particle reference materials, microscopy, etc. (see Reference [2) depending on the sieve 
aperture. Tolerances shall meet the requirements of ISO 3310-1 and ISO 3310-2. Sieves that do not meet 
these specifications shall be discarded. A record shall be kept of such testing.

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

Special care shall be taken to ensure that covers and receivers do not leak. Sieves shall be inspected 
weekly when in regular use, and on every occasion if used less often. A record shall be kept of such 
inspections. Round-hole sieves shall not be used.
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8.2.2 Balance, capable of weighing to an accuracy of within ±0,5 g.

8.2.3 Mechanical sieve shaker.

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

8.2.4 A sieve brush and a stiff brush.

8.2.5 

8.3 Procedure

Weigh the dry test sample, prepared in accordance with ISO 11464, to the nearest 0,5 g (m1). 
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 (8.2.1) and record the amount retained on each sieve to the nearest 0,5 g. Do not 
overload the sieves (see Table 1) but sieve the material in portions if necessary.

Weigh the material passing the 20 mm aperture sieve (m2), or a suitable portion of it (m3) (see Table 2) 
obtained by an appropriate subsampling method (see 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.

The total mass of the fractions should be within 1 % of m2 or m3, as appropriate. If it is not, then check 
for sieve damage and discard sieves as appropriate (see 8.2.1).

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

Test sieve 
aperture

Maximum mass
kg

Sieve diameter
mm

mm 450 400 300 200 100
50 10 8,9 4,5 — —

37,5 8 7,1 3,5 — —
28 6 5,3 2,5 — —
20 4 3,6 2 — —
14 3 2,7 1,5 — —
10 2 1,8 1 — —
6,3 1,5 1,3 0,75 — —
5 1 0,9 0,5 — —

3,35 — — 0,3 0,15
2 — — 0,2 0,1

1,18 — — 0,1 0,05
0,6 — — 0,075 0,0375

© ISO 2020 – All rights reserved� 5
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Test sieve 
aperture

Maximum mass
kg

Sieve diameter
mm

mm 450 400 300 200 100
0,425 — — 0,075 0,0375

0,3 — — 0,05 0,025
0,212 — — 0,05 0,025
0,15 — — 0,04 0,02

0,063 — — 0,025 0,0125

8.4	 Calculation and expression of results

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 m1. For example (Formula (2)):

Proportion retained on the mmsieve mm20 20 1= ( )[ ]m m/ (2)

For the material passing the 20 mm sieve, multiply the mass of material passing each sieve by m2/m3 
and calculate this as a proportion of m1. For example (Formula (3)):

Proportion retained onthe mmsieve mm6 3 6 3 2 3 1, , / /= ( ) ( ) m m m m (3)

Present the results as a Table  showing, to two significant figures, the proportion by mass retained 
on each sieve and the proportion passing the 2 mm sieve. The data shall also be used to construct a 
cumulative distribution curve (see Figure 1).

9	 Wet sieving and sedimentation (material <2 mm) 

9.1	 General

This clause specifies the procedure (see Figure 2) for the determination of the particle size distribution 
of the material passing the 2 mm aperture sieve down to <0,002 mm equivalent spherical diameter (see 
note). In order to ensure that primary particles, rather than loosely bonded aggregates, are measured, 
organic matter and salts are removed, especially sparingly soluble salts such as gypsum which would 
otherwise prevent dispersion and/or promote flocculation of the finer soil particles in suspension (see 
9.6), and a dispersing agent is added (9.3.2). These procedures are required in this document, and their 
omission shall invalidate its application. Sometimes iron oxides and carbonates, especially of calcium 
and/or magnesium, are also removed. Preferred procedures for the removal of these compounds are 
given in the note in 9.7. The removal of any compound shall be recorded in the test report (see Clause 10).

NOTE 1	 Gravitational sedimentation can give a value for the total amount of material <0,002 mm equivalent 
spherical diameter. However, the method cannot be used to divide this class further with reliability, as particles 
less than about 0,001  mm equivalent spherical diameter can be kept in suspension almost indefinitely by 
Brownian motion (see Reference [2]).

9.2	 Apparatus

The apparatus specified hereafter is sufficient to deal with one sample. Clearly it is more efficient 
to work in batches. Experience has shown (see Reference  [7]) that one operator can process up to 
36 samples in a batch at a time, given sufficient apparatus and space, especially if calculations are dealt 
with by a computer.

Table 2 (continued)
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9.2.1	 Sampling pipette or sampling needle, of a pattern similar to that shown in Figure  3 with 
sideways openings, the chief requirement being that the smallest practicable horizontal zone of 
sedimenting suspension shall be sampled. The pipette shall be of not less than 10 ml volume and shall be 
held in a frame so that it can be lowered to a fixed depth within a sedimentation tube (see Figure 4).

NOTE 1	 Experience suggests that a pipette with an upper volume of 50 ml is more than sufficient for most 
purposes. A 25 ml volume pipette is a convenient compromise for routine analysis, but a smaller volume pipette 
will be found to be sufficient for soils with down to about 10 % mass fraction of <0,063 mm equivalent spherical 
diameter. Below this amount, greater precision is likely to be obtained with a pipette of larger volume.

NOTE 2	 The position of the pipette is adjusted to the new suspension surface after each sampling.

NOTE 3	 Automated systems can be used, if the results are proven to be equivalent.
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