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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 proceglures used to develop this document and those intended for its further maintenange
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor
different types of ISO documents should be noted. This document was drafted in accordance'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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5 drawn to the possibility that some of the elements of this document may be the subjec
ts. ISO shall not be held responsible for identifying any or all such patent rights. Detai
rights identified during the development of the document will be in the Introduction ang
ist of patent declarations received (see www.iso.org/patents).

hame used in this document is information given for the convenience of users and does
an endorsement.

blanation on the meaning of ISO specific terms and €xpressions related to confory
L, as well as information about ISO’s adherence to.the WTO principles in the Techn
Trade (TBT) see the following URL: Foreword - Supplementary information.

3 was prepared by the European Committee for standardization (CEN) TC 341 Geotechn
n and testing, in collaboration with ISO/TC 182 Geotechnics, Subcommittee SC 1 Geotechr
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n and testing, in accordance with the Agreement on technical cooperation between ISO
a Agreement).

ational Standard cancels and replaces ISO/TS 17892-3:2004, which has been technig
hlso incorporates the Technical CGerrigendum ISO/TS 17892-3:2004/Cor.1:2006.

consists of the following parts, under the general title Geotechnical investigation and tes
hry testing of soil:

Determination of water content
Determinationof-bulk density
Determindtion of particle density

Determination of particle size distribution
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Part 5;

Incremental loading oedometer test

Part 6:
Part 7:
Part 8:
Part 9:

Fall cone test
Unconfined compression test
Unconsolidated undrained triaxial test

Consolidated triaxial compression tests

Part 10: Direct shear tests
Part 11: Permeability tests

Part 12: Determination of liquid and plastic limits
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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.

5.24.3: An alternative method to determine the volume of the specimen has been added.
6.1.p: A temperature has been specified for pr,.
6.22: A note has been added.

Formula (7): Formula has been modified with a factor of 10-6 instead of 106:

© ISO 2015 - All rights reserved v
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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]).
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Geotechnical investigation and testing — Laboratory
testing of soil —

Part 3:
Determination of particle density

1
Thi
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displacement and a pycnometer method by gas displacement.
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NOT

compensating for dissolved salts are available but afe'beyond the scope of this standard.

2

Thd
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ISO
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ISO
Idef

3

Scope
5 part of [SO 17892 specifies methods for the determination of the particle density of soil

5 part of ISO 17892 is applicable to the laboratory determination of the particle density off
scope of geotechnical investigations, and describes two methods, a pycnometer meth

fluid pycnometer method described in this part of ISO 17892<applies to soil types w

s under about 4 mm, or soils crushed to meet this requirement. Larger pycnometers a

ensions of the specimen container of the particular gas pychometer being used.

E1 This part of ISO 17892 fulfils the requirements 6f\the determination of particle density
echnical investigation and testing in accordance with EN 1997-1 and EN 1997-2.

E2 The presence of dissolved salts in the poretwater can affect the results of these tests. Te

Normative references

following documents, in whole-or in part, are normatively referenced in this docume

ater content

14688-1, Gegteshnical investigation and testing — Identification and classification of soi
tification and description

Terins and definitions

For

S.
soil within
bd by fluid

th particle
e used for

Fser materials. The particle size of soils suitable for testing\in the gas pycnometer is limiited by the

of soils for

hniques for

nt and are

spensable for its applicatioh. For dated references, only the edition cited applies. F¢r undated
rences, the latest edition ofjthe referenced document (including any amendments) appligs.

wn

17892-1, Geotechnicalinvestigation and testing — Laboratory testing of soil — Part 1: Delermination

| — Part 1:

3.1

thelnurnoses ofthis document the following terms and definitions annlu
) SR 7 =] 38 i

density of solid particles

Ps
dry

4

4.1

See

mass of the particles divided by their volume

Apparatus

Calibration requirements

Annex A for calibration requirements of the following equipment.

© ISO 2015 - All rights reserved
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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/unifprm
temperatufre throughout the drying chamber. Any air circulation shall not be so strong that any transport
of particleq can take place.

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

4.3 Fluid displacement equipment
4.3.1 FIdid pycnometer, shall have a volume of at least 50 mi;aglass stopper which has been ground

to fit precidely, 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,

denfiineralized, or deionized water 1s often the most suitable liquid. Alternatively, a sulta

soly
wat

NOT

4.4

4.4
sha

4.4
cha
isol

4.4

4.4
wor

4.4
of t

ent such as hexane or kerosene may be used. Control liquids with a surface tension lower/{
er might be found to be preferable to rapidly saturate fine soils.

E Use of liquids other than water can cause health or safety hazards, or contrayenénational
Gas displacement equipment

1 Gas pycnometer, with sample and expansion chambers, isolation valves and a preg
1 be used (see Figure 2).

1.1 Other equipment arrangements are permitted, with{pressure measurement being
ber. The pressure in the specimen chamber may eithefidbe increased or decreased on g
htion valve.

1.2 The chambers and valves shall be pressure-tight at the instrument’s working pressu

1.3 The system shall be fitted with a pressutie gauge with an accuracy of 0,1 kPa or 0
king pressure of the gas pycnometer, whichéver value is greater.

1.4 For improved accuracy, the sample ehamber should have a volume not more than twd

ble organic
han that of

laws.

sure gauge

b on either
pening the

[eS.

1 % of the

times that

he sample, and the volumes of the sample and expansion chambers should not differ by more than a
factor of three.

Key

Bw N R

©IS

7

6
fill valve 5 expansion chamber
pressure indicator 6 ventvalve
sample chamber 7 gasinlet
isolation valve

Figure 2 — Schematic diagram of a typical gas pycnometer
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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 Flui

d nuvcnometer method
pr A e

5.1.1 Ge

The fluid g
required td
is calculate

5.1.2 Re

5.1.2.1 D
weighed sa

5.1.2.2 H
capillary ty

5.1.2.3
Record the
the pycnon
water bath
be allowed
for temper

5.1.24 (
Depending]

5.1.2.5 If

5.1.2.6 V
nearest 0,0

NOTE i
controlled ¢

TTOTITC T TITOCE

neral

ycnometer method is based on the determination of the difference in the velume of lig

d from the dry mass of the soil particles and the volume difference.
ference measurements

etermine the dry mass of the clean and dry pycnometer to the nearest 0,01 g or 0,1 % of]
il mass, whichever is the greater (img).

ill the pycnometer with the control fluid so that ng.air shall be left in the pycnomete
be.

temperature. If using a water bath, only the'neck, the stopper, and the capillary rising tub
heter should emerge above the surface afithe water in the bath. Leave the pycnometer in
until the control fluid temperature is.equal to that of the water bath, a minimum of 1 h shq

If a temperature-controlled room+0¢ cabinet is used, a much longer period will be requ
hture equilibration, a minimum o0f16 h should be allowed.

heck the level of the control)fluid in the pycnometer and add or remove fluid when necesg
on the type of pycnometet, the level of the fluid should be at the top of the capillary.

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

Uithout delay; determine the total mass of the pycnometer filled with control fluid, to
1 g or 0,1 % of the weighed soil mass, whichever is greater (m1).

xcessive time delay or excessive handling once the pycnometer is removed from the temperat|
nvisonment can result in a significant loss of fluid due to thermal expansion.

juid

fill the pycnometer with and without the sample being present. The densityof'Solid particles

the

" or

Place the pycnometer in the water bath, or inithe temperature-controlled room or cabinet.

e of
the
uld
red

ary.

the

Lire-

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.

© ISO 2015 - All rights rese
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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

HETE N

dengt

Tests on organic soils are prone to significant error because the organic component will often have a

lowaz 1l Mo [:a3 _d-ai bitoia ool
VIg7 1T

3 At Lla -
Ty OoCTOVwW—T = ara gt eatcarets 1\,\1\411 COTtoO0DTaTrTr T CIt

31
aoTe-FesHres:

5.1/4 Test execution

both oven-dried and moist specimens, at least two determinations shall be made. If thg results do

agree to within 0,03 Mg/m3, the tests shall be repeated.

For
not

5.144.1 Oven-dried specimens (method A)

5.14.1.1 Ensure that the pycnometer is clean and dry. Place the dry ‘specimen in the pycngmeter and

dets

5.1
of f
by
to 1
spe

brmine the total mass to the nearest 0,01 g or 0,1 % of the weighed-soil mass, whichever is gi

4.1.2 Add control fluid to the pycnometer until the specimen is covered with 10 mm
uid. Ensure that any trapped air in the specimen iscréinoved, for example by mechanicg
bentle heating or by the application of vacuum. While mechanical agitation alone can b
emove air from coarse specimens, the use of either heat or vacuum is recommended
Cimens. Pre-soaking of the specimen can be beneficial. In all cases take care not to lose

eater (m3).

to 20 mm
| agitation,
b sufficient
for all fine
iny sample

frorp the pycnometer.

5.1 1.2.5.

4.1.3 Fill the pycnometer with controlfluid and proceed in accordance with 5.1.2.2 to 5

b saturated
hichever is

5.1}4.1.4 Without delay, determine‘the mass of the pycnometer completely filled with th

sperimen and control fluid to_the nearest 0,01 g or 0,1 % of the weighed soil mass, w

greater (m3).

5.14.2 Moist specimens (method B)

5.1}4.2.1 Ensuréthat the pycnometer is clean and dry. Place the moist specimen in the pycnjometer.
5.14.2.2 -Add control fluid to the pycnometer until the specimen is covered with 10 mm t¢ 20 mm of
fluigl. Ensure that any trapped air in the specimen is removed, e.g. by mechanical agitatior], by gentle
hea

tlng or by the gentle apphcatlon of vacuum. Whlle mechanical agltatlon alone can be spfficient to
ren ] e ended for all fine
spec1mens Pre- soakmg 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

© ISO 2015 - All rights reserved
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separate specimen determined in accordance with ISO 17892-1 may be used to calculate the dry mass
of the test specimen.

5.2 Gas pycnometer method

5.2.1 General

The gas pycnometer method is based on the determination of the difference in the change in gas
pressure, within the apparatus, between tests with the sample present and a reference test without a
sample. The pressure difference is converted to a volume difference using Boyle’s Law. The density of

the particles is calculated from the dry mass of the sample and the volume difference.

NOTE The term “gas jar” has been used in some countries to describe a method for testing gravel-sjzed
samples using a glass vessel that is not a pycnometer, and water as the fluid. The gas pycnometer method
described hpre is not the same as the “gas jar” method, but the two are easily confused.

5.2.2 Reference measurements

5.2.2.1 Using appropriate pressure readings, determine the volume ofCthe sample chambery in
accordancd with the equipment manufacturer’s instructions, using the chosen sample container (see
5.2.4.2) in the absence of any sample (V,). Similarly, determine the volume of'the expansion chamber (V).
5.2.3 Spgcimen requirements

The specinjen shall be oven dried in accordance with [SO 17892+].

5.2.3.1 The selected specimen shall be representative.of the soil and shall have a dry mass of at lpast
10 g. If the specimen contains coarse material, it should®e crushed prior to testing if required.

5.2.3.2 (are should be taken to break down aggregations of oven dried fine soils with the mortar and
pestle befofe testing.

5.2.3.3 Ih materials with enclosed voids, the measured density of the particles might underestimate
the true dsEsity of the minerals presént. This is a consequence of the volume of air in the enclosed vpids
being included in the volume of the.particles. If the true density of the solid particles is to be determiped,
the sample{should be crushed to.remove enclosed voids.

5.2.4 Tept execution

5.2.4.1 Determin€ the mass of the specimen to the nearest 0,01 g or 0,1 % of the weighed soil niass
whichever fis the gteater (mg).

5.24.2 T en

container should be chosen so that it is at least 75 % full. Alternatively, a known reference volume can be
added to the specimen to fill the container almost completely.

5.2.4.3 Determine the volume of the specimen, in accordance with the equipment manufacturer’s
instructions or in accordance with Formula (6) (Vs).

5.2.4.4 Perform the test at least three times on each specimen. If the results do not agree to within
0,03 Mg/m3, the tests shall be repeated.

© ISO 2015 - All rights reserved


https://standardsiso.com/api/?name=174a937a64799521ab75541e8f168615

6

6.1

6.1.

IS0 17892-3:2015(E)

Test results
Fluid pycnometer method

1 Dry mass of specimen

For oven dried specimens (method A), the dry mass m4 shall be determined from Formula (1):

my, =m, —m,

For

6.1
The

wh

If m

whyd

moist specimens (method B), the value of my shall be determined from Formula (2):

m2:m4+m0

2 Density of solid particles

density of the solid particles shall be determined from Formula (3):

ps is the density of the soil particles, in Mg/m3;

mg is the mass of the dry pycnometer, in g;

m1 is the mass of the pycnometer filled with the control fluid, in g;

my is the mass of the pycnometer with the dry specimen, in g;

m3 is the mass of the pycnometer with the specimen and filled with the control fluid, in|
my is the dry mass of test-Specimen, in g;

pL is the density of thecontrol fluid at the test temperature (see Table 1 if the fluid is d
and distilled water), in Mg/m3.

1 and m3 are determined at different temperatures, Formula (3) becomes Formula (4):
ps = "4

S [<m1 - mO)/'DLl] - [<m3 - m2>/pL3]
P1E

8

b-aired

pL1 is the density of the control fluid at the temperature at which m1 is determined;

pL3 is the density of the control fluid at the temperature at which m3 is determined.

© ISO 2015 - All rights reserved
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Table 1 — Density of de-aired and distilled water at various temperatures, corrected for

uplift in air

Temperature Density Temperature Density
T (°C) pw (Mg/m®) T (°C) pw (Mg/m?)

10 0,999 73 21 0,998 02
11 0,999 63 22 0,997 80
12 0,999 53 23 0,997 57
13 0,999 41 24 0,997 33
14 0,999 27 25 0,997 08
15 0,999 13 26 0,996 81
16 0,998 97 27 0,99654
17 0,998 80 28 0,996 26
18 0,998 62 29 0,995 98
19 0,998 42 30 0,995 68
20 0,998 23

The tabulated values can also be determined from Formula (5) fromvhich intermediate or valueq for

other temperatures can be calculated:

1

Py = »
1+[(2,31-T -2 —182]-106]

where
pw is the density of de-aired and distilled water, in Mg/m3;

T isthe temperature, in °C.

(5)

NOTE If the soil contains components that are soluble in the control fluid (e.g. salt in saline soils), the der]sity

of the contrpl fluid and of the specimen camnralter as a result.
6.2 Gas pycnometer method

6.2.1 Dry mass of speCimen

The dry mass of the-specimen is obtained directly from measured mass ma.

6.2.2 Volume 'of the specimen

ol 0 hm]
The volumeofthesamplte s talcutated from Formuta(63:

where
Vs is the volume of the specimen, in m3;
V. is the volume of the sample chamber, in m3;

V; is the volume of the reference or expansion chamber, in m3;

(6)

© ISO 2015 - All rights reserved
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Po is the initial pressure in the equipment, which can be atmospheric pressure, in kPa;
P71 isthe pressure in the system before opening the isolation valve, in kPa;

Py isthe pressure in the system after opening the isolation valve, in kPa.

NOTE Formula (6) only applies to equipment of the same design as Figure 2.

6.2.3 Density of solid particles

The density of the solid pm‘fir]pc isdetermined from Formula (7)

whére

Thd
and

f)
g)

m, -6
p, =—-10
VS

ps is the density of the soil particles, in Mg/m3;
my4 is the dry mass of test specimen, in g;

Vs is the volume of the specimen, in m3.

Test report

test report shall affirm that the test was carried¢out in accordance with this part of IS
shall contain the following information:

method of test used;
if using the fluid pycnometer method,'the volume of the pycnometer if it is not 50 ml;

if using the gas pycnometer method; the identity of the gas used if it is not helium;

and any other relevant details required, e.g. depth of specimen within a sample, metho
selection, if relevant;

visual descriptionsof-the specimen including any observed features noted after testing
the principles in’1SO 14688-1;

mean valuedér'the particle density in Mg/m? to two decimal places;

any dewiation from the specified test procedure, and any other information that could bg
for interpreting the test results, e.g. crushing the sample.

(7)

0 17892-3

identification of the specimen tested, e.g. by borehole number, sample number and sa];‘lple depth

of sample

, following

important

© ISO 2015 - All rights reserved
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Annex A
(normative)

Calibration, maintenance, and checks

A.1 Generalrequirements

Allmeasurpment equipment used in this part of ISO 17892 shall be calibrated periodically, its perfermgnce
shall be checked where required at intervals, and it shall be operated in a controlled environment if
required by this part of ISO 17892. This Annex specifies these requirements for this method.

If calibratipn of measurement equipment is carried out by a third party, it shall beCearried out by an
accredited|calibration laboratory. The certification shall show traceability to recognized nationdl or
internationjal standards of measurement.

Where caljbration of test measuring equipment is carried out in house, the laboratory shall hold
appropriatg reference standards or instruments that are used solely for_calibration purposes. These
should be ¢alibrated by an accredited calibration laboratory with certification requirements as abpve.
When notih use, reference measurement equipment should be retainéd sécurely in a suitable environnpent
separate from working standards or instruments. Reference standards and instruments shall be at least
as accuratd as the working device so that the desired accuracy ofit€st measurement is achieved.

In-house calibration procedures shall be documented, shall only be performed by approved perdons
and records of such calibrations, and of performance chetks, shall be retained on file.

Regardlesq of the required calibration or check intervals in this Annex, whenever any item of refergnce
equipment| or test measurement equipment has been mishandled, repaired, dismantled, adjustedl or
overhauled, it shall be recalibrated before further use.

All calibrafed equipment shall be used only within the range for which it has been calibrated.

A.2 Envijronmental conditions

There are io specific environfmental conditions applicable to the execution of this test method if a water
bath is usdd. However, for‘the fluid pycnometer method, the temperature of the test room or cabjnet
shall be mgintained constant within 0,5 °C if no water bath is used.

A3 qu‘lement

A.3.1 Ovens

The set temperature close to the centre of the usable oven space of an empty oven shall be checked by
means of a calibrated temperature measuring device at least once a year.

The temperature distribution of an empty oven shall be checked before first use and after any major
repair or replacement of heater elements and/or thermostat. If any of the individual temperature points
is found to be outside the specified range of the set temperature, remedial action shall be taken.

A.3.2 Thermometers

Reference thermometers shall be calibrated or replaced at intervals not exceeding five years. All other
liquid-in-glass thermometers shall be calibrated before first use and shall be re-calibrated or replaced
at intervals not exceeding five years.
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