INTERNATIONAL
STANDARD

ISO

17892-3

First edition
2015-12-15

Corrected version
2015-12-15

Geotechnical investigation and
testing — Laboratory testing of soil —

Part 3:

Determination of particle density

Reconnaissance et essais géotechniques — Essais de laboratoire

sur-les.sols —

Partie 3: Détermination de la masse volumique des grains

Reference number
1SO 17892-3:2015(E)

©1S0 2015



ISO 17892-3:2015(E)

COPYRIGHT PROTECTED DOCUMENT

© IS0 2015, Published in Switzerland

All rights reserved. Unless otherwise specified, 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

Ch. de Blandonnet 8 « CP 401
CH-1214 Vernier, Geneva, Switzerland
Tel. +41 22 749 01 11

Fax +41 22 749 09 47
copyright@iso.org

WwWw.iso.org

ii © ISO 2015 - All rights reserved



IS0 17892-3:2015(E)

Contents Page
FFOT@WOTM ........ooccccceeeesse e85 5588585555555 iv
I OQUICHION ... vi
1 S0P ... 1
2 NOTIMATIVE FE@FEI@IICES ..........ccoo e 1
3 Terms and defiNITIONIS ... 1
4 Apparatus...........n,
4.1 Calibration requirements...
4.2 GENETAL..oooo s
4.3 Fluid displacement @ QUIPIMIEIIT ...
4.4  Gas diSplacement @QUIPITIEIIT ... e
5 TESE PIOCEAUITES ...........oo e
5.1 Fluid pycnometer method.
51.1  General...nnn
5.1.2  Reference measurements
5.1.3  Specimen requirements.....................
514  Test execution ...
5.2 GaS PYCNOMETET TNETNOM ...
5201 GOIIETAL oo
5.2.2  :Reference measurements
5.2.3 Specimenhrequirements..... .o

5.2.4  Test execution..

6 T@SE T@SULES ...
6.1 Fluid pycnometer Method j5e) 4 7800u 2 i
6.1.141,- D1y, massof sSpecimen: iy /st iRel s
6.1.2  Density of solid parnticles
6.2 GAS PYCNOMETET MIETNOM ...
6.2.1  Dry mass of specimen.........ccccocee
6.2.2  Volume of the specimen..........ccc......
6.2.3  Density of solid particles
7 T@ST TEPOTE ... 9
Annex A (normative) Calibration, maintenance, and Checks.............ce s 10
BIDLEOZTAPIIY . ... 12

© 1S0 2015 - All rights reserved iii



ISO 17892-3:2015(E)

Foreword

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 established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are
described in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed for the
different types of ISO documents should be noted. This document was drafted in accordance with the
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of
any patent rights identified during the development of the document will be in the Introduction and/or
on the ISO list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement.

For an explanation on the meaning of ISO specific terms and expressions related to conformity
assessment, as well as inforination dbout/ASO’s]adherénice to the WTO[principles in the Technical
Barriers to Trade (TBT) see the following URL: Foreword - Supplementary information.

ISO 17892-3 was prepared by the European Committee for standardization (CEN) TC 341 Geotechnical
investigation and testing, in collaboration with ISO/TC 182 Geotechnics, Subcommittee SC 1 Geotechnical
investigation and testing, in accordance with the-Agreementon technical cooperation between ISO and
CEN (Vienna Agreement).

This International Standard cancels and replaces ISO/TS 17892-3:2004, which has been technically
revised. It also incorporates the Technical Corrigendum ISO/TS 17892-3:2004/Cor.1:2006.

ISO 17892 consists of the following parts, under the general title Geotechnical investigation and testing
— Laboratory testing of soil:

— Part 1: Determination of water content

— Part 2: Determination of bulk density

— Part 3: Determination of particle density

— Part 4: Determination of particle size distribution
— Part 5: Incremental loading oedometer test

— Part 6: Fall cone test

— Part 7: Unconfined compression test

— Part 8: Unconsolidated undrained triaxial test
— Part 9: Consolidated triaxial compression tests
— Part 10: Direct shear tests

— Part 11: Permeability tests

— Part 12: Determination of liquid and plastic limits

iv © ISO 2015 - All rights reserved
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This corrected version of ISO 17892-3:2015 incorporates the following corrections plus other minor
editorial modifications.

Foreword: It has been clarified that this is a first edition of an International Standard that is replacing a
Technical Specification.

3.1: The word ‘dry’ has been added to the definition.

4.3.2: A temperature range has been specified.

Figure 2: Labels Vs and V. have been removed.

5.2.4.3: An alternative method to determine the volume of the specimen has been added.
6.1.2: A temperature has been specified for p,.

6.2.2: A note has been added.

Formula (7): Formula has been modified with a factor of 10-6 instead of 106.
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ISO 17892-3:2015(E)

Introduction

This part of ISO 17892 covers areas in the international field of geotechnical engineering never
previously standardized internationally. It is intended that this part of ISO 17892 presents broad
good practice and significant differences with national documents is not anticipated. It is based on
international practice (see Reference [1]).

vi © ISO 2015 - All rights reserved



INTERNATIONAL STANDARD ISO 17892-3:2015(E)

Geotechnical investigation and testing — Laboratory
testing of soil —

Part 3:
Determination of particle density

1 Scope
This part of [SO 17892 specifies methods for the determination of the particle density of soils.

This part of ISO 17892 is applicable to the laboratory determination of the particle density of soil within
the scope of geotechnical investigations, and describes two methods, a pycnometer method by fluid
displacement and a pycnometer method by gas displacement.

The fluid pycnometer method described in this part of ISO 17892 applies to soil types with particle
sizes under about 4 mm, or soils crushed to meet this requirement. Larger pycnometers are used for
coarser materials. The particle size of soils suitable for testing in the gas pycnometer is limited by the
dimensions of the specimen container of the particular gas pycnometer being used.

NOTE1 This part of ISO 17892 fulfilsithe requirements of the determination of particle density of soils for
geotechnical investigation and testing in accordance,with EN,1997-1 and EN 1997-2.

NOTE 2  The presence of dissolved salts in the pore water can affect the results of these tests. Techniques for
compensating for dissolved salts are available but are beyond the scope of this standard.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

ISO 17892-1, Geotechnical investigation and testing — Laboratory testing of soil — Part 1: Determination
of water content

ISO 14688-1, Geotechnical investigation and testing — Identification and classification of soil — Part 1:
Identification and description
3 Terms and definitions

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

31
density of solid particles

Ps
dry mass of the particles divided by their volume

4 Apparatus

4.1 Calibration requirements

See Annex A for calibration requirements of the following equipment.

© IS0 2015 - All rights reserved 1
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4.2 General
4.2.1 Balance, shall have an accuracy of 0,01 g or 0,1 % of the weighed soil mass, whichever is greater.

4.2.2 Dessicator, shall be of suitable size and contain dry, self-indicating desiccant such as silica gel. It
is not required if test specimen containers with close-fitting lids are used.

NOTE The purpose of the desiccator is to prevent absorption of moisture from air.

4.2.3 Riffle box, should be used to obtain a representative part of the specimen. Distribution by hand
(quartering) is also acceptable if this results in a representative part of the specimen.

4.2.4 Drying oven, of the forced-draught type and shall be capable of maintaining a uniform
temperature throughout the drying chamber. Any air circulation shall not be so strong that any transport
of particles can take place.

4.2.5 Sample crushing equipment, a mortar and soft-ended pestle (e.g. a pestle with a rubber or
wooden tip) shall be used to break up dried soil specimens. More substantial sample crushing equipment
may be required to crush gravel sized rock particles.

4.3 Fluid displacement equipment
4.3.1 Fluid pycnometer, shall lhave awolume'of at least 50 ml, alglass stopper,which has been ground

to fit precisely, and a capillary rising tube (see Figure 1).

A

Key
1  pycnometer with capillary and thermometer

2 pycnometer with capillary

Figure 1 — Examples of fluid pycnometers

4.3.2 Water bath or temperature-controlled enclosure or cabinet, thermostatically-controlled
water bath, or a temperature-controlled room or cabinet, operating in the range 10 to 30 °C and with
temperature variation not exceeding +0,5 °C during the test shall be used.

2 © IS0 2015 - All rights reserved
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4.3.3 Temperature measurement, temperature measuring device accurate to 0,1 °C shall be used.

The temperature measuring device should preferably be included in the glass stopper of the pycnometer.
Alternatively, a temperature measuring device may be placed in the water bath or in the temperature-
controlled enclosure/room, as close to the pycnometer as possible.

4.3.4 Apparatus to remove trapped air, vacuum pump or water aspirator that is capable of producing
a partial vacuum should be used to remove air from the sample during the test.

4.3.5 Control liquid, of known or measured density is required to fill the pycnometer bottle. Distilled,
demineralized, or deionized water is often the most suitable liquid. Alternatively, a suitable organic
solvent such as hexane or kerosene may be used. Control liquids with a surface tension lower than that of
water might be found to be preferable to rapidly saturate fine soils.

NOTE Use of liquids other than water can cause health or safety hazards, or contravene national laws.
4.4 Gas displacement equipment

4.4.1 Gas pycnometer, with sample and expansion chambers, isolation valves and a pressure gauge
shall be used (see Figure 2).

4.4.1.1 Other equipment arrangements are permitted, with pressure measurement being on either
chamber. The pressure in the specimen chamber may either be increased or decreased on opening the
isolation valve.

4.4.1.2 The chambers and valves shall be pressure-tight;at thesinstrument’s working pressures.

4.4.1.3 The system shall be fitted with a pressure gauge with an accuracy of 0,1 kPa or 0,1 % of the
working pressure of the gas pycnometer; whichevervalue is greater.

4.4.1.4 For improved accuracy, the sample chamber,should have a volume not more than two times that
of the sample, and the volumes of the sample and expansion chambers should not differ by more than a
factor of three.

2
7

1 4 6
Key
1 fill valve 5 expansion chamber
2 pressure indicator 6 ventvalve
3 sample chamber 7 gasinlet
4  isolation valve

Figure 2 — Schematic diagram of a typical gas pycnometer

© IS0 2015 - All rights reserved 3
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4.4.2 Compressed gas

Helium is preferred as the measurement gas. Other gasses that give good diffusion into soil pores may
be used, but this should be stated in the report. Unless otherwise specified as being acceptable by the
gas pycnometer equipment manufacturer, research grade (>99,5 % purity) helium should be used in
conjunction with the instrument.

5 Test procedures
5.1 Fluid pycnometer method

5.1.1 General

The fluid pycnometer method is based on the determination of the difference in the volume of liquid
required to fill the pycnometer with and without the sample being present. The density of solid particles
is calculated from the dry mass of the soil particles and the volume difference.

5.1.2 Reference measurements

5.1.2.1 Determine the dry mass of the clean and dry pycnometer to the nearest 0,01 g or 0,1 % of the
weighed soil mass, whichever is the greater (img).

5.1.2.2 Fill the pycnometer;with théscontrol\fluid/sothat ne air shall be left in the pycnometer or
capillary tube.

5.1.2.3 Place the pycnometer in the water bath, or in the temperature-controlled room or cabinet.
Record the temperature. If using a water bath, only themeckthe stopper, and the capillary rising tube of
the pycnometer should emerge aboveithe surface of thewater/in-the bath.lieave)the pycnometer in the
water bath until the control fluid temperature is-equalito that'of the water bath, a minimum of 1 h should
be allowed. If a temperature-controlled room or cabinet is used, a much longer period will be required
for temperature equilibration, a minimum of 16 h should be allowed.

5.1.2.4 Check the level of the control fluid in the pycnometer and add or remove fluid when necessary.
Depending on the type of pycnometer, the level of the fluid should be at the top of the capillary.

5.1.2.5 Ifusing a water bath, take the pycnometer out and immediately dry its external surfaces.

5.1.2.6 Without delay, determine the total mass of the pycnometer filled with control fluid, to the
nearest 0,01 g or 0,1 % of the weighed soil mass, whichever is greater (m1).

NOTE Excessive time delay or excessive handling once the pycnometer is removed from the temperature-
controlled environment can result in a significant loss of fluid due to thermal expansion.

5.1.3 Specimen requirements

5.1.3.1 The specimen may be oven-dried or tested moist. If oven-dried, the sample should be dried in
accordance with [SO 17892-1.

5.1.3.2 The selected specimen shall be representative of the soil, shall have a dry mass of atleast 10 g
and shall pass through a 4 mm sieve (or nearest equivalent) if using a 50 ml pycnometer. If larger particles
are present, they may be crushed to meet the 4 mm limit, or a larger capacity pycnometer shall be used
with a correspondingly larger sample. In either case, care should be taken to break down aggregations of
oven dried fine soils with the mortar and pestle to release individual particles before testing.

4 © IS0 2015 - All rights reserved
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5.1.3.3 [n materials with enclosed voids, the measured density of the particles might underestimate
the true density of the minerals present. This is a consequence of the volume of air in the enclosed voids
being included in the volume of the particles. If the true density of the solid particles is to be determined,
the sample should be crushed to remove enclosed voids.

5.1.3.4 Tests on predominantly organic material should be performed using a pycnometer with a
nominal volume of 100 ml or greater and it should be filled with a volume of sample of at least 75 % of
the volume of the pycnometer.

NOTE Tests on organic soils are prone to significant error because the organic component will often have a
density below 1 Mg/m3, and great care is required to obtain reliable results.

5.1.4 Test execution

For both oven-dried and moist specimens, at least two determinations shall be made. If the results do
not agree to within 0,03 Mg/m3, the tests shall be repeated.

5.1.4.1 Oven-dried specimens (method A)

5.1.4.1.1 Ensure that the pycnometer is clean and dry. Place the dry specimen in the pycnometer and
determine the total mass to the nearest 0,01 g or 0,1 % of the weighed soil mass, whichever is greater (m3).

5.1.4.1.2 Add control fluid to the pycnometer until the specimen is covered with 10 mm to 20 mm
of fluid. Ensure that any trappéd air/in|the specimen is removed, for example by mechanical agitation,
by gentle heating or by the application of vacuum. While mechanical agitation alone can be sufficient
to remove air from coarse specimiens)theusel of eithertheat or vacuum is recommended for all fine
specimens. Pre-soaking of the specimen can be beneficial. In all cases take care not to lose any sample
from the pycnometer.

5.1.4.1.3 Fill the pycnometer withrcontrolifluid and proceed in accordance with 5.1.2.2 to 5.1.2.5.

5.1.4.1.4 Without delay, determine the mass of the pycnometer completely filled with the saturated
specimen and control fluid to the nearest 0,01 g or 0,1 % of the weighed soil mass, whichever is
greater (m3).

5.1.4.2 Moist specimens (method B)
5.1.4.2.1 Ensure that the pycnometer is clean and dry. Place the moist specimen in the pycnometer.

5.1.4.2.2 Add control fluid to the pycnometer until the specimen is covered with 10 mm to 20 mm of
fluid. Ensure that any trapped air in the specimen is removed, e.g. by mechanical agitation, by gentle
heating or by the gentle application of vacuum. While mechanical agitation alone can be sufficient to
remove air from coarse specimens, the use of either heat or vacuum is recommended for all fine
specimens. Pre-soaking of the specimen can be beneficial. In all cases, take care not to lose any sample
from the pycnometer.

5.1.4.2.3 Fill the pycnometer with control fluid and proceed in accordance with 5.1.2.2 to 5.1.2.5.

5.1.4.2.4 Without delay, determine the mass of the pycnometer completely filled with the saturated
specimen and control fluid to the nearest 0,01 g or 0,1 % of the weighed soil mass, whichever is
greater (m3).

5.1.4.2.5 Remove the specimen from the pycnometer and dry it to a constant mass in accordance
with ISO 17892-1 (mg4). Alternatively, the moist mass of the specimen and the water content of a
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