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ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
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bn-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely
ternational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization:

ternational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part

ne main task of technical committees is to prepare International Standards. Draft(International §
jopted by the technical committees are circulated to the member bodies for voting. Publicati
ternational Standard requires approval by at least 75 % of the member bodies.-casting a vote.

other circumstances, particularly when there is an urgent market reguirement for such docy
chnical committee may decide to publish other types of normative document:

an ISO Publicly Available Specification (ISO/PAS) represents_an agreement between technical
an ISO working group and is accepted for publication if it is\approved by more than 50 % of the
of the parent committee casting a vote;

an ISO Technical Specification (ISO/TS) represents an agreement between the members of a
committee and is accepted for publication if it is. approved by 2/3 of the members of the committe
a vote.

h ISO/PAS or ISO/TS is reviewed after three-years with a view to deciding whether it should be con
further three years, revised to become an.nternational Standard, or withdrawn. In the case of a

O/PAS or ISO/TS, it is reviewed again-after six years at which time it has to be either transposq
ternational Standard or withdrawn,

tention is drawn to the possibility‘that some of the elements of this document may be the subject
ghts. 1ISO shall not be held responsible for identifying any or all such patent rights.

O/TS 17892-4 was prepared by the European Committee for Standardization (CEN) in collabor
echnical CommitteedSO/TC 182, Geotechnics, Subcommittee SC 1, Geotechnical investigation an
accordance withdhe Agreement on technical cooperation between ISO and CEN (Vienna Agreemsg

hroughout the{text of this document, read "...this European pre-Standard..." to mean "...this
becification, (",

O 17892 consists of the following parts, under the general title Geotechnical investigation and
hboratory testing of soil.
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— Part 1: Determination of water content

— Part 2: Determination of density of fine-grained soil

— Part 3: Determination of particle density — Pycnometer method

— Part 4: Determination of particle size distribution

— Part 5: Incremental loading oedometer test

— Part 6: Fall cone test
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— Part 7: Unconfined compression test on fine-grained soil

— Part 8: Unconsolidated undrained triaxial test

— Part 9: Consolidated triaxial compression tests on water-saturated soil
— Part 10: Direct shear tests

— Part 11: Determination of permeability by constant and falling head

— Part [rzrDeterminatiorn of the Alteroerg nmits
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Foreword

This document (CEN

ISO/TS 17892-4:2004) has been prepared by Technical Committee CEN/TC 341

“Geotechnical investigation and testing”, the secretariat of which is held by DIN, in collaboration with Technical
Committee ISO/TC 182 “Geotechnics”.
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Determination of particle density — Pycnometer method

Determination of particle size distribution

: Incremental loading oedometer test
: Fall cone test

: Unconfined compression test on fine-grain soil

Unconsolidated undrained triaxial test

Consolidated triaxial compre'ssion tests on water-saturated soil

/0: Direct shear tests
| 1: Determination of permeability by constant and falling head

[ 2: Determination’ of the Atterberg limits

to the CEN/CENELEC Internal Regulations, the national standards organizations of the-f6llowing
are bound to announce this Technical Specification: Austria, Belgium, Cyprus, Czech Republic) Depmark,
inland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, Luxembourg,|Malta,
ds, Norway, Poland, Portugal, Slovakia, Slovenia, Spain, Sweden, Switzerland and Unjted’Kingdom.

TS 17892 consists of the following parts, under the general title Geotechnical investigation and tesffing —
y testing of soil:
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Introduction

This document covers areas in the international field of geotechnical engineering never previously standardised. It
is intended that this document presents broad good practice throughout the world and significant differences with
national documents is not anticipated. It is based on international practice (see [1]).

© ISO 2004 — Al rights reserved vii
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1 Scope

This document describes methods for the determination of the particle size distribution of soil samples.

:2004(E)

The particle size distribution is one of the most important physical characteristics of soil. Classification of soils is
mainly based on the particle size distribution. Many geotechnical and geohydrological properties of soil are related
to the particle size distribution.

The particle size distribution provides a description of soil, based on a subdivision in discrete classes of particle

sizes.
fines,

sieving

he sieving method is applicable. Soils with more than 10 % fines can be analysed by a comb
and sedimentation.
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nation of

Sieving is the process whereby the soil is separated in particle size classes by the use‘of tegt sieves.
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size classes to be separated. Two sedimentation methods are described; the hydrometer metho
method.

bthods described are applicable to all non-cemented soils with particle sizes’less than 125 mm.
ding on the purpose for the determination of the particle size distribation, pretreatment or corr
n carbonate, dissolved salts and/or organic matter can be requireds. The use of these methods §

n the laboratory report.

N methods that incorporate detection systems using x-rays, laser beams, density measurements arj
Fs are not covered by this document.

prmative references
lowing referenced documents are indispensable for the application of this document. For dated re
e edition cited applies. For undated references, the latest edition of the referenced document (incl
ments) applies.

bO/TS 17892-1, Geotechnical investigation and testing — Laboratory testing of soil — Part 1: Detg
r content (ISO/TS 17892-1:2004).

bO/TS 17892-3, Geotechnical investigation and testing — Laboratory testing of soil — Part 3: Detg
cle density — Pycnometer method (ISO/TS 17892-3:2004).

5, Test sieves.=-Metal wire cloth, perforated metal plate and electroformed sheet - Nomina
0s.

10-1, TeSt Sieves - Technical requirements and testing - Part 1: Test sieves of metal wire cloth.

1042, Test sieves - Technical requirements and testing - Part 2: Test sieves of perforated metal pla
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3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

3.1

particle size distribution
proportions by mass of the various particle size classes present in a specific soil

3.2

equivalent diameter

particle d

3.3

ameter calculated from sedimentation data using Stoke's law, and assuming spherical particles

coarse-grained cohesionless soils

soils com
cohesive

NOTE TH

34

fine-grai
soils com
This cate

3.5
mixed sq
soils com

NOTE TH

3.6
fines
particles

3.7

Dy
the small

4 Equ

prising gravel and/or sand sizes particles with less than about 10 % of fines, and which ‘are virtua

e fines content is measured only quantitatively, by difference after washing the material away.

ned soils
prising more than about 10 % of fines, sometimes with sand but with little or no gravel-sized pz
jory includes both non-cohesive and cohesive soils

ils
prising gravel, sand, and more than about 10 % of fines

ese soils may or may not be cohesive, depending on the*amount of clay present.

pbassing the 0,063 mm sieve

bst sieve mesh aperture through*which 90 % or more of the particles will pass

ipment

4.1 Gehneral

4.1.1 Balances

Balances

shall have an accuracy of 0,3 % of the total dry specimen mass and a readability of 0,1 % of tg

specimer

ly non-

rticles.

tal dry

mass

41.2 Drying ovens

Drying ovens shall be capable of maintaining a temperature of 105 °C +5 °C and 50 °C =+ 5 °C.

4.1.3 Desiccator

Desiccator shall contain anhydrous silica gel.

WARNING — Traditional blue self-indicating silica gel contains cobalt chloride which has been reclassified
as potential carcinogen by inhalation by EU Directive 98/98/EC.

© I1SO 2004 — All rights reserved
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41.4 Evaporating dish
Evaporating dish shall be made of porcelain or non-corroding metal, having a minimum content of 100 ml.
41.5 Sieves

Sieves shall comprise a sieve of 0,063 mm, suitably reinforced for use as a washing sieve, with receiver, and one
sieve of 2,0 mm.

4.2 Sieving
4.21 |Test sieves

Test sieves of metal wire cloth or perforated metal plate in accordance with ISO 565 and 1SQ 3310, togéther with
approgriate receivers shall be used.

The aperture of the test sieves should adequately cover the range for the particular soil tested,|but it is
recommended that within the full range of 125 mm to 0,063 mm not less than 12 sieves are used. The smallest test

sieve ghould have an aperture of 0,063 mm. The number of sieves used shall\be sufficient to ensureg that any
discontinuities in the grading curve are detected. The test sieves should be vigually checked before every pse.

4.2.2 |Ancillary apparatus

The ancillary apparatus shall consist of

— cdgrrosion resistant trays;

— large corrosion resistant or plastic tray or bucket;
— sgoop;

— sig¢ve brushes;

— rupber tubing;

— cylindrical beaker, 800 ml or more;

3.
=5

le box (optional);

— mechanical sieveshtiaker (optional).
4.3 Hydrometer method

4.3.1 |Hydrometer

The hydrometer shall be torpedo-shaped and made of glass as free as possible from visible defects. he glass
shall be resistant to chemicals and well annealed. The hydrometer stem and bulb shall be circular in cross section
and symmetrical around the main axis, without abrupt change in cross section. The hydrometer shall always float,
at all points within its range, within the stem within 1,5° of the vertical. The scale and inscription shall be marked
clearly and permanently, showing no apparent irregularities in spacing. The graduation lines shall be at intervals of
0,0005 g/ml and the range of the hydrometer shall be between 0,9950 g/ml and 1,0300 g/ml. The hydrometer shall
be indelibly marked with a unique identification number.

4.3.2 Graduated glass cylinders
Graduated glass cylinders shall be provided with parallel sides and with constant cross sectional area across their

length. The diameter shall be at least twice that of the hydrometer bulb and the length be sufficient to ensure that
the hydrometer can float freely in 1000 ml of pure water.

© 1SO 2004 — All rights reserved 3
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4.3.3 Thermometers

Thermometer shall cover a temperature range of 0 °C to 50 °C and be accurate to 0,5 °C.

4.3.4 Water bath

The water bath shall be insulated and may have a temperature controller.

4.3.5 Mechanical shaker or mixer

The medhanical shaker or mixer shall be capable of keeping the appropriate quantities of soil and\water in
continuoys suspension.

4.3.6 Timer

The stop jwatch or stop clock shall be readable to 1 s.
4.3.7 Working bench

The workjng bench shall be free from vibrations.?)

4.3.8 Centrifuge

The centrifuge or vacuum filter and ancillaries, or any other apparatus shall be suitable for separating out the soil
particles following pretreatment for the removal of salts, organic and/or calcareous matter (optional).

4.4 Pipette method
441 Plpette

The pipefte shall be calibrated. It shall have a volume of 20 ml and be mounted in a pipette configuration (Figure 1).

1) Free from vibrations means no ripples can be seen on the surface of a suspension placed on the working bench.

4 © 1SO 2004 — All rights reserved
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4

11

Key

1 Bulb

2 Stgp cock

3 Safety bulb suction inlet
4  Safety bulb

5 Thfee-way stop cock

6 Outlet tube

7  Sampling pipette

8 Sefimentation cylinder
9 Graduated scale

10 Sligling panel

11 Clamps

4.4.2 |Balance

The bg

4.4.3 |Thermometers
Therm

444

Water bath

Figure 1 — Example of pipette configuration

lance shall have an accuracy of 0,3 mg.

bmeters shall cover a temperature range of 0 °C to 50 °C and be accurate to 0,5 °C.

The water bath shall be insulated and may have a temperature controller.

4.4.5

The m
contind

ous suspension.

Mechanical,shaker or mixer

echanical shaker or mixer shall be capable of keeping the appropriate quantities of soil and

4.4.6

Timer

A stop watch or stop clock shall be readable to 1 s.

4.4.7

Working bench

The working bench shall be free from vibrations.2)

4.4.8

Centrifuge

water in

The centrifuge or vacuum filter and ancillaries, or any other apparatus shall be suitable for separating out the soil
particles following pretreatment for the removal of salts, organic and/or calcareous matter (optional).
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4.5 Reagents

4.51 General
Reagents shall be of analysis quality.

4.5.2 Water

The water shall be distilled, de-ionised or demineralised.

4.5.3 Djspersing agent

The dispgrsing agent may be water. However, if flocculation occurs, this can be prevented by adding\a)dispersing
agent. Options include but are not limited to:

— Sieving: sodium hexametaphosphate, approximately 2 g/l or sodium pyrophosphate, approximately 2 g/l

— Sedimentation: sodium hexametaphosphate approximately 40 g/l (0,07 M) or sodium pyrophosphate, ajpproxi-
matgly 20 g/l (0,07 M).

Solutions|shall be renewed monthly. Sodium carbonate shall not be added to theZsodium hexametaphosphate.
4.5.4 Hydrogen peroxide

Hydrogen peroxide (20% V/V) may be used to remove organic material.
4.5.5 Hydrochlorid acid

Hydrochleorid acid (0,2 M (= 1 %)) may be used to remove_ecarbonates (optional).

5 Test procedure

5.1 Selection of test method

The test method shall be selected asfollows:

For mixed soils separate sieving-and sedimentation shall be performed.

If 90 % of more of the particles are larger than 0,063 mm sieving shall be performed.

If more tHan 10 % of thé particles are smaller than 0,063 mm sedimentation shall be performed.

If the complete_curve of the grain size distribution is required, sieving and sedimentation test shall be carried [out.

5.2 Sieving
5.2.1 General

5.21.1  The general procedure for sieving is outlined in Figure 2.

6 © 1SO 2004 — All rights reserved
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5.21.2

5.21.3
measuring

5214

Sieves shall be regularly checked for compliance with ISO 3310-1 and 1ISO 3310-2.

The oven temperature shall be verified at least every two years by means of a calibrated temperature

device.

Oven-drying shall be done at 105 °C £ 5 °C, unless the soil is susceptible to heating. Susceptible soils
shall be dried at 50 °C.

NOTE Soils susceptible to heating include organic soils, gypsum and laterite.

522 Sp

5.2.21

For soils fontaining more than 10 % fines, use of the dry preparation method may introduce significant errorg.

ecimen preparation

Wet preparation should be used.

5.2.2.6 10 5.2.2.8 is only applicable to wet preparation.

5.2.2.2

comply thi

A representative specimen shall be prepared by riffling or quartering, and)oven-drying. Minimum rpasses
for dried gpecimens required for testing are given in Table 1. If it is found that the)amount of soil is not suffigient to

s fact shall be reported.

Table 1 — Minimum mass required for sieving as a function of particle diameter Dy,

Particle diameter | Minimum massequired for sieving
Do
mm 9
0,5 50
1,0 100
4,0 150
6,0 350
8,0 600
16,0 2500
22,4 5000
31,5 10000
45,0 20000
63,0 40000
75,0 56000

© I1SO 2004 — All rights reserved
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5.2.2.3 If sedimentation is also required, this shall be done using a separate specimen, which is not oven-dried.

5.2.2.4 Soils may be pretreated prior to sieving to remove dissolved salts, organic and/or calcareous matter if
required. The method shall be stated on the test report together with the amount of material removed. A suggested
method for pretreatment for organic and carbonate material is included in annex B.

5.2.2.5 The dry specimen shall be weighed to the nearest 0,1 % of the total dry mass (m).

5.2.2.6 The specimen shall be placed in a tray or bucket and covered with water. It shall stand for a minimum of
1 hour[and be stirred frequently.

For specimens with particles with diameter above 5 mm, it may be necessary to split the sample_on @ suitable
nd treat the coarse fraction separately. If necessary the mass of the fraction passingithe”sieve shall be
by riffling.

The specimen shall be washed through a 2 mm sieve nested in a 0,063 mm sieve until the water runs
clear. Ensure that neither sieve becomes overloaded. Material passing the sieves can be collected if

All material retained on the sieves shall be transferred, oven<dried, and weighed to the nearest p,1 % of
the total dry mass of the specimen.

5.2.3 |Test execution

5.2.3.1 The dried material shall be sieved down to 0,063-mm, weighing the soil retained on each test gieve, and
any material passing the 0,063 mm sieve. The masses.tetained on each sieve shall not exceed the valueg listed in
Table

When p sieving machine is used, sieving should-be continued for at least 10 min. When hand sieving is [used, the
sieve ghould be shaken for at least 2 min, and;then until no more material passes.

When the maximum mass listed in Table 2 is exceeded, the sieving shall be performed in stages. The spil on the
first sigve exceeding the maximum ‘anmiount is split in smaller portions which are then sieved separately.| The total
mass @n each sieve is calculated-from the sum of masses retained from each portion.

5.2.3.2 For each sieving-sequence, the cumulative mass retained on each sieve and the fraction pgssing the
last sigve shall be calculated. If this differs from the mass at the start of sieving by more than 1 %, the sieving shall
be repgated.

© 1SO 2004 — All rights reserved 9
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5.3 Hydrometer analysis
5.3.1 General

5.3.1.1  The general procedure for hydrometer analysis is outlined in Figure 3.

© 1SO 2004 — All rights reserved 11
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' 500 ml

Key

1 sample

2 quartgring

3 weighing

4 drying

5 stirring

6 sepafating

7 dryin];

8 evaporation and decantation
9 sieving

10 weighing

11 agitation

12 sedimentation
13 computation
a dispersant

b  water content

(¢}

evaporating dish

Figure 3 — General procedure for sedimentation
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measu

5.3.1.3

25 °C.

5.3.1.4
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The oven temperature shall be verified at least every two years by means of a calibrated temperature

ring device.

The temperature shall be kept constant for the duration of the test. The test may be performed in a
temperature-conditioned room, in an insulated water bath or in a constant temperature bath. The temperature
fluctuation during the test should not exceeded 0,5 °C, the temperature itself falling within the range of 15 °C to

Oven-drying shall be done at 105 °C £ 5°C, unless the soil is susceptible to heating. Susceptible soils

shall b

deiad ot EO O
<

VIAVIR LAV py e L SV AV e

5.3.1.8 For test carried in a temperature-conditioned room, a calibrated temperature measuring,'devic

placed

5.3.1.6
in the

5.3.1.7
individ

— VO

permanently in the room to provide a continuous temperature record.

If a constant temperature bath is used, care shall be taken that its agitator does)not introduce
pecimen.

Calibration of the hydrometer shall be performed prior to its first uSe. Corrections may b
hally or combined, but the following points should always be taken into account:

lume and geometry;

b shall be

vibrations

e applied

— sqale calibration;
— meniscus correction;
— temperature correction, if necessary;
— digpersing agent correction.
A method for determining these corrections is described in annex A.
5.3.2 |Specimen preparation
5.3.2.1 A specimen of non-dried-soil shall be selected in accordance with Table 3.
Table 3 — Dry mass of soil specimen for sedimentation test
Soil type Dry masgs of soil

Soil containing sand up to 75

Cohesive soils, with little or no sand 30 to 50

Very plastic to plastic clays 10 to 30
5.3.2.2 The water content of the soil shall be determined on a separate specimen according to CEN ISO/TS
17892-1 .
5.3.2.3 The density of solid particles, when required, shall be determined on a separate specimen in accordance

with CEN ISO/TS 17892-3.

NOTE The density of solid particles is needed for the calculation of equivalent particle diameters and corresponding fractions.

©1S02
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5.3.24

When required, the soil samples shall be pretreated to remove organic and/or carbonate m

Suggested methods are given in annex B.

NOTE

Pretreatment is recommended if organic material and/or carbonate compounds are present in significant qu

unless geotechnical classification of carbonate soil is required.

5.3.2.5

The soil specimen shall be placed in a conical flask. If the specimen has been pretreated

centrifuge is used, the pretreated soil should remain in the centrifuge bottle.

5.3.2.6

aterial.

antities,

and a

shaken u

The dispersion shall be complete because otherwise the particles could form aggregates.

NOTE An

5.3.2.7
achieve f

For gentl
speed sti

for soil v
experiend

5.3.2.8
fine partig

In some
2 mm sie

When ac
removed

5.3.2.9
graduatio

5.3.2.10

5.3.2.11

smallest mesh size as deseribed in 5.2.3.

5.3.2.12

The susp
in the wa

100 ml of the dispersant solution shall be added to the soil specimen. The mixture shall be tho
ntil all the soil is in suspension.

indication of incomplete dispersion is the formation of layers in the suspension when allowed to'stand.

The suspension shall be agitated by using a mechanical shaker or stirrer for a period long enough
il dispersion of the soil particles.

b mixing such as end-over-end shaking, a period of 4 h is appropriate. Eor other methods, such as
rrer or a vibration stirrer, a 20 minutes agitation is usually sufficient., A.reduced period should be g

hich might be broken down by the agitation process. The agitation period may also be red
e shows that the soil is readily dispersed.

les shall be washed through the sieve using a jet of water,)the amount of which shall not exceed 80

cases, double separation may be needed, e.g. both.on a 2 mm and 0,063 mm sieve. Separation
ve may be helped by brushing.

cidently the total volume of the suspension-passing the sieve exceeds 1000 ml, the excess water §
by evaporation. Only if the suspension does not contain any dispersing agent, is decanting allowed

The suspension passing the sievie shall be transferred to the measuring cylinder and made up to
n mark with water.

The material retained om' the sieve shall be transferred to an evaporating dish, and dried in an ove

The material shall*be allowed to cool and the soil retained on the sieves shall be sieved down

Any material-passing the smallest mesh size shall be added to the sedimentation cylinder.

ension,shall rest for at least 12 h. When a water bath is used, the sedimentation cylinder shall be

oughly

to

a high-
dopted
ced if

The prepared soil suspension shall be transferred to the.0,063 mm sieve placed on the receiver, and the

0 ml.

on the

hall be

the 11

to the

placed

er-bath and the temperature of the cylinder shall become equal to the temperature of the water batlr.

The wate

14

r level in the water bath should be at least as high as the level in the sedimentation cylinder.

© I1SO 2004 — All rights reserved


https://standardsiso.com/api/?name=97c1b9b6e090e7b36c5ddee714995f67

ISO/TS 17892-4:2004(E)

5.3.2.13 A sedimentation cylinder shall be prepared with a reference solution consisting of 100 ml dispersant
solution and 900 ml of water. This cylinder shall be treated identically to the cylinder containing the soil suspension.

5.3.3 Test execution

5.3.3.1  The suspension shall be agitated vigorously until full suspension is obtained, e.g. by turning the
sedimentation cylinder end-over-end about 60 times in 2 min.

5.3.3.2 The cylinder shall be placed back and the timer shall be started. The hydrometer shall be immersed in
the sugpernsionso thatitisattowedto ftoat freety:

5.3.3. Hydrometer readings R',, shall be taken at the upper rim of the meniscus after short periods of time (e.g.
0,5 miM, 1 min and 2 min), to the nearest 0,001 g/ml. The hydrometer shall be removed slowly and rinsed.

5.3.3.4 The hydrometer shall be placed in the reference solution, the hydrometer shall-be read and this value
shall bg recorded as the reference value R, to the nearest 0,001 g/ml.

5.3.3.8 The hydrometer shall be re-inserted slowly in the soil suspension at suitable intervals, about 1% s before
a reading is due. The hydrometer shall be read to the nearest 0,001 g/ml.

NOTE A suitable interval would be readings at 4, 8, 30, 60, 120, 480 min, and.24 h, calculated from the beginping of the
sedimeptation period. The number of readings can be more or less, however with a minimum of 3, suitably distributgd over the
sedimeptation curve.

NOTE 4 It is not essential to keep rigidly to the schedule provided that.the actual time of the reading is recorded.

5.3.3.6§ The temperature of the suspension shall be recorded once in the first 15 min, and then after every
hydronmpeter reading, to the nearest 0,5 °C.

5.3.3.7 If the temperature at any reading differs more than 1 °C from the previous reading, an additional reading
in the feference solution shall be taken.

It is alqo allowed to apply a correction forthe'temperature as described in annex A.
5.4 Pipette method

5.41 |General

5.4.1.1 The generalprocedure is outlined in Figure 3.

5.4.1. The oven~temperature shall be verified at least every two years by means of a calibrated temperature
measuring device:

5.41. Oven-drying shall be done at 105 °C £ 5°C, unless the soil is susceptible to heating. Susceptible soils

shall be-gfted-at-56-2C-

5.4.2 Specimen preparation

5421 The soil specimen shall be prepared as described for the hydrometer method (5.3.2). The dry mass shall
be approximately 50 g for sandy soils, and 20 g for silty or clayey soils.

5.4.3 Test execution
5.4.3.1 A number of evaporating dishes shall be dried at 105 °C, and the mass of each dish shall be determined

to the nearest 0,1 mg (m.)).

© 1SO 2004 — All rights reserved 15
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5.4.3.2 The suspension shall be agitated vigorously by turning the sedimentation cylinder end-over-end about
60 times in 2 min.

5.4.3.3  The cylinder shall be placed back and the timer shall be started.

5.4.3.4 The temperature of the suspension shall be determined and the insertion depth and insertion time for the
relevant fraction shall be read from Table 4.

Table 4 — Insertion depth of pipette

Upper limit particle fraction
pum
Temperalure 38 25 20 16 8 4 /
of the sys-
pensioh Settling time
© 90 320 6 15 20 1 #
s s min min min h h
Insertion depth of pipette mm
15,0 99 153 110 176 59 44 44
15,5 100 155 112 179 60 45 44
16,0 102 157 113 181 60 45 45
16,5 103 159 115 183 61 46 46
17,0 104 161 116 186 62 46 46
15,5 106 163 118 188 63 47 47
18,0 107 166 119 191 64 48 47
18,5 108 168 121 193 64 48 48
19,0 110 170 122 196 65 49 49
19,5 111 172 124 198 66 50 49
20,0 112 174 125 201 67 50 50
20,5 114 176 127 203 68 51 50
21,0 115 178 128 205 68 51 51
21,5 117 180 130 208 69 52 g2
22,0 118 183 132 210 70 53 82
22,5 119 185 133 213 71 53 43
23,0 121 187 135 215 72 54 4
23,5 122 189 136 218 73 54 44
24,0 24 9T T38 2271 74 55 55
24,5 125 194 139 223 74 56 55
25,0 127 196 141 226 75 56 56
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5.4.3.5

5.4.3.6

5.4.3.7

dried ipaR-6
0,1 mg.

5.4.3.8

A minimum of 3 fractions should be taken, distributed evenly over the particle size distributioncurve.

6 Testresults

6.1

6.1.1

The fra

where

Sn

NOTE

NOTE ?

sandy,

materia

soils.

6.2

6.2.1

ISO/TS 17892-4:

2004(E)

The pipette shall be inserted carefully in the suspension to the required depth. The pipette shall be filled
gradually, and it shall be emptied into an oven-dry evaporating dish. The pipette shall be rinsed with water, and the
washings shall be added to the same evaporating dish.

The evaporating dish shall be dried with the soil fraction in a drying oven until a constant mass is
obtained, and the dry mass (m5,) shall be determined to the nearest 0,1 mg.

A sample shall also be taken by the pipette from the reference solution, and this shall be put into an
oven-dry dish. The pipette shall be flushed, the washmgs shall be added to the dish. The evaporating dish shall be

and-th devimmaca chall b datarpainad o th

1l =

4

van—ntil o ocaonctant o~ oco o i
all OveT orrar o oortStartt 1rirasSs- 19 uulullluu, ara— o TCc—Ury— rrasSS \IILD} grra DT OCteTTT i icU o of

5.4.3.4 to 5.4.3.7 shall be repeated for all required particle sizes.

bieving
Fraction passing each sieve
ction of the soil passing each sieve shall be calculated by.equation (1):

m +m,+..+m
: 2 =x100%

m

is fraction passing the sieve (%);
is mass of soil passing the smallest mesh size (g);
, m, is mass of soil passingythe consecutive sieves, up to the sieve considered (g);
is total dry mas$ of the specimen (g).
If the soil has been pretreated, the dry mass after pretreatment replaces m in above equation.

It can someétimes be appropriate to exclude particles > 2 mm from the calculation if they are insignificant,
silty or clayey soil samples containing a few stones, stone fragments, shells, etc. If this is done then the
excludedsshould be stated in the report, expressed as a percentage of the total mass. This is recommendeq

e nearest

(1)

P.g. mainly
amount of
for mixed

tydrometer

Total dry mass

The total dry mass of the specimen shall be calculated by equation (2):

where

m

100
X ——
Y1004+ w

is total dry mass (g);

© I1SO 2004 — All rights reserved
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my, is wet mass of soil (g);

w

is water content (%).

When the specimen was pretreated, the dry mass after pretreatment shall be calculated as above. This dry mass
replaces m in all following calculations.

6.2.2 Fraction passing each sieve
The fraction passing each sieve shall be calculated according to 6.1.1.

6.23 T
The true
Rh =

where
R
R,

Cm

6.24 E

The effed
(see anngx A).

6.25 E

The equi

18

ue hydrometer reading
nydrometer reading shall be calculated from
R'h + Cm

s true hydrometer reading;
s observed hydrometer reading;

S meniscus correction.

fective depth

tive depth H, shall be calculated from the true hydrometer.reading using the hydrometer scale cali

juivalent particle diameter

alent particle diameter corresponding to reading R, shall be calculated using Stoke's law, by equati

r

0,005531
(p, —D)xt

s equivalent particle diameter (mm);

s dynamic viscosity) of water (see Table 5);

s effective depth of hydrometer (mm);

s particle density (Mg/m®);

@)

bration

pn (4):

(4)

stime (s).
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Table 5 — Dynamic viscosity of water

ISO/TS 17892-4:2004(E)

Temperature Viscosity n|
°C mPa s
10 1,304
15 1,137
20 1,002
25 0,891
30 0,798
NOTE Intermediate values can be calculated
by interpolation.
6.2.6 | Modified hydrometer reading
The mpdified hydrometer reading R4 shall be calculated by the equation (5):
R{=R'w— R (9)
where
R{ is modified hydrometer reading;
R, is observed hydrometer reading;
R} is observed hydrometer reading in reference solution.
R'yy and R'q should consist only of the decimal part ofithe reading, multiplied by 1000.
6.2.7 | Fraction smaller than equivalent diameter
The fraction smaller than the corresponding equivalent diameter shall be calculated by the equation (6):
100X p.
K=—"TPp, (6)
m(p, —1)
K| is fraction smaller than equivalent diameter (%);
pd s particlédensity (Mg/m®);
m| is drysmass of specimen (g);
R{_“is modified hydrometer reading.
6.3 Pipette method
6.3.1 Total dry mass
The total dry mass of the specimen shall be calculated by equation (7):
100
= w X—— (7)
100 +w
where
© 1SO 2004 — All rights reserved 19
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m

is total dry mass (g);

my, is wet mass of soil (g);

w is water content (%).

When the specimen was pretreated, the dry mass after pretreatment shall be calculated. This dry mass replaces m
in all following calculation.

6.3.2 Fraction passing each sieve

The fract

on passing each sieve shall be calculated according to 6.1.1.

6.3.3 Fraction smaller than equivalent diameter

The fract

| (mz,f —m; —my )XV,

on smaller than the equivalent diameter determined from Table 4 shall be calculated’by equation (8)):

(8)

de the

ned by
en the

joined

K 5 Lx100%
V,xm

where
K s mass percentage of fraction (%);
m4,; |s mass of the empty evaporating dish (g);
my,; |s mass of evaporating dish with dried fraction (g);
mp s mass of oven-dried remains of reference liquid-{g);

V1 Is the volume of the suspension in the sedimentation cylinder (ml);
V, s volume of the pipette (ml).

7 Testreport

The test feport shall affirm that-the“test was carried out in accordance with this document, and shall incly

following jnformation:

a) the method(s) of test used;

b) identffication of-the’sample being tested, e. g. by boring number, sample number, test number, etc.;

c) the test resuits, presented on a semi-logarithmic plot (see Figure 4). When results have been obtai
sieving-and sedimentation, these should be combined in one graph. If there is a discontinuity betws
sieving-and sedimentation curves, priority shall be given to the sieving data and the two curves shall b
together to give a smooth continuous curve. Alternatively, test results may be tabulated, rounded to the
nearest 1 %;

d) the value for the density of solid particles, used in the calculations, and whether this value was determined or
assumed;

e) method of pretreatment, when applied;

f)  the name of the test organisation;

g) any deviation from the specified procedure, and particulars that could be important for interpreting the test
results.

20
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