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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. www.iso.org/directives

Attention i

patent rights. ISO shall not be held responsible for identifying any or all such patent fights. Details of]

patent righ
the ISO list

Any trade
constitute

For an ex
assessmen
to Trade (1

1SO 178921
CEN/TC 3
1SO/TC 18]

CEN (Vienma Agreement).

This first ¢
revised. It

ISO 17892
— Laborat,

— Part1:
Part 2:
Part 3;

Part 4:

5 drawn to the possibility that some of the elements of this document may be the subjec

of patent declarations received. 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 Technical Barn
BT), see the following URL: Foreword - Supplementaty information

2 was prepared by the European Committee for Standardization (CEN) Technical Commi
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Part 5;

Incremental loading oedometer test

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

Fall cone test
Unconfined compression test on fine-grained soils
Unconsolidated undrained triaxial test

Consolidated triaxial compression tests on water-saturated soils

Part 10: Direct shear tests
Part 11: Determination of permeability by constant and falling head

Part 12: Determination of Atterberg limits
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Introduction

This document covers areas in the international field of geotechnical engineering never previously
standardised internationally. 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 Reference [1]).
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INTERNATIONAL STANDARD

ISO 17892-2:2014(E)

Geotechnical investigation and testing — Laboratory
testing of soil —

Part 2:
Determination of bulk density

Thi
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Scope

5 International Standard specifies three methods for the determination of the bulk
S, comprising:

linear measurement method;
immersion in fluid method;
fluid displacement method.

5 International Standard is applicable to the laboratory~determination of the bulk den
nin the scope of geotechnical investigations.

linear measurement method is suitable for the determination of the bulk density of §
pil of regular shape, including specimens prepared for other tests. The specimens used
angular prisms or cylinders with circular cross sections.

immersion in fluid method covers the determination of the bulk density of a specimen o
pacted soil by measuring its mass in air'ahd its apparent mass when suspended in fluid. T
' be used when lumps of material of suitable size can be obtained.

fluid displacement method covers the determination of the bulk density of a specime
lsuring its mass in air and the.mass of fluid displaced by immersion. The method may be

lumlps of material of suitable size can be obtained.

Ifth
intg

The
Ifr

eimmersion in fluid mrethod or fluid displacement method is used, and if the fluid is likely t
the specimen (eg water) the specimen should be coated before testing to prevent fluid p

bulk density ofasoil is useful in the determination of the in situ overburden stress as a functi

bquired, the dry density of a specimen may be calculated from the bulk density and|

con

NOTE
for geotechnical investigation and testing in accordance with EN 1997-1 and EN 1997-2.

ent, if knewn.

density of

sity of soil

| specimen
are either

Fnatural or
he method

n of soil by
used when

D penetrate
enetration.

bn of depth.

the water

This International Standard fulfils the requirements of the determination of the bulk de

r[sity of soils

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

© IS0 2014 - All rights reserved
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3 Terms and definitions

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

31
bulk density

P
mass of soil per unit volume of the material, including any water or gas it contains

3.2
dry density

Pd
mass of oven-dried soil per unit volume of the material

4 Equipment

4.1 Lindar measurement method

The follow|ng items are necessary for the linear measurement method:
4.1.1 Cutfting and trimming tools (e.g. a sharp knife, wire saw, spatula, cutting ring, soil lathe).
4.1.2 Stelel straight edge, with a maximum deviation from straightof 0,1 % of its length.

4.1.3 Try-square or a jig (e.g. a mitre box) or split mould, o ensure that flatness shall be accurate to
within 0,5 P6 of each dimension and that right-angles are within 0,5° of true.

4.1.4 Callipers, either analogue or digital, readable to 0,1 mm or 0,1 % of the measured lenigth,
whichever [value is the greater.

4.1.5 Balance, accurate to 0,01 g or 0,1 % of the weighed mass, whichever value is the greater.

4.2 Immersion in fluid method

The follow|ng items are necessary for the immersion measurement method:
4.2.1 Container of a suitable size.
4.2.2 Balance, accurate to 0,01 g or 0,1 % of the weighed mass, whichever is the greater.

4.2.3 Thermonmieter or temperature measuring device, accurate to 1°C.

4.2.4 Cradle and supporting frame, similar in principle to that shown in Figure 1 which, with the
frame attached to the scoop or platform of the balance, can support the cradle below the balance.

4.2.5 Materials: modelling clay or putty and a suitable coating, to prevent fluid penetration (if used,
e.g. paraffin wax).

4.2.6 Equipmentfor melting wax (ifused), preferably electrically heated and thermostatically controlled.

4.3 Fluid displacement method

The following items are necessary for the fluid displacement method:

2 © ISO 2014 - All rights reserved
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4.3.1 Rigid container with a siphon tube. The container shall be large enough to accommodate
the specimen.

4.3.2 Container, to collect the fluid siphoning over from the specimen container.
4.3.3 Balance, accurate to 0,01 g or 0,1 % of the weighed mass, whichever value is the greater.

4.3.4 Thermometer or temperature measuring device, accurate to 1°C.

4.3 5 Matertatsrmuodetting clay or putty and-asuitabtecoating; to prevent ftuid-pemretration (if used,

e.g.[paraffin wax).

4.36 Equipmentfor melting wax (ifused), preferably electrically heated and thermostatically controlled.
Altgrnatively, the equipment described in 4.2 can be used. In such case, a correction for the uplift for the
cradlle shall be included in the calculations.

5 |Test procedure

Test specimens should be at least 50 cm3 in volume, and preferably significantly larger.

NOTE If smaller specimens are tested they may be less représentative of the material as a whole and the
resylt may not be as accurate as suggested by the reported valug;

5.1/ Linear measurement method

5.1/1 General

The principle of the method is to weigh a specimen of known volume. Three procedures arje specified
for preparing the specimen. Other methods are also accepted if they provide representative|specimens
of regular shape.

5.12 Specimen from block-sample

5.112.1 Atleast 10 mm(from the outside face of the block sample shall be cut away and an apgroximately
recangular prism of sgilslightly larger than the final dimensions of the specimen shall be formed. If the
spefimen is to be usedfor some other test, its shape and dimensions shall also be appropriate fpr that test.

5.1{2.2 Foraftectangular prism specimen the faces shall be made plane and parallel by carefyl trimming
and| checking'with a straight edge and try-square or other jig. The other four faces of the prifm shall be
trimimed ‘so that they are mutually perpendicular and at right angles to the end faces.

5.1.2.3 For a cylindrical specimen the specimen shall be placed in a soil lathe and the excess soil
removed with vertical cuts in thin layers. The specimen shall be rotated between each cut until a cylindrical
specimen is produced. The specimen shall not be trimmed while it is being rotated. After trimming, the
specimen shall be removed from the lathe. It shall be cut to the required length and the ends shall be made
plane and normal to the specimen axis.

5.1.3 Specimen from sample tube

5.1.3.1 If the specimen is likely to deform on removal from the tube, its volume should be determined
by measurement according to 5.1.5.4.

© ISO 2014 - All rights reserved 3
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5.1.3.2 For samples that are extruded from a sample tube, measurements can be made directly on the
sample. Remove the caps, wax or other sealing material from each end of the sample tube. Extrude the
sample and trim surplus soil from the ends of the specimen until flat and perpendicular to the specimen
axis. The measurements should then be made as soon as possible on the extruded sample.

5.1.4 Cylindrical specimen of smaller diameter than the sample tube

Either the sample may be extruded from the sample tube through a cylindrical cutter or a cylindrical
cutter may be pushed into the sample. The sample tube or specimen cutter shall be pushed steadily
at constant speed into the soil. The specimen shall be trimmed further to make the ends flat and

Lo 1 . .
perpendlcuucu totmespecimenmaxrs,; asecessary:

5.1.5 Mae

5.1.5.1 T
whichever

5.1.5.2 H

asurements

he trimmed specimen shall be weighed to the nearest 0,01 g or 0,1 % of the total m
is the greater (m).

pr a rectangular prism specimen, the lengths of the specimen shall(bé measured in at 1

three posifions in each dimension to the nearest 0,1 mm or 0,1 % of the dimension being measu

whichever

5.1.5.3 F
at each en
whichever
circumfere

5.1.5.4 If
by measur

is the greater.

pr a cylindrical specimen, the diameter shall be measurédyin two perpendicular directi
] and near the middle, to the nearest 0,1 mm or 0,1:% of the dimension being measu
is the greater. The length shall be measured along threellines spaced at about 120° around
hce, to the nearest 0,1 mm or 0,1 % of the dimensiofbeing measured, whichever is the gre

ng the inside diameter and the length of-the sample tube. If the tube is not full, allows

should be made for any missing sample. Each length shall be measured to the nearest 0,1 mm or 0,

dass,

past
Ired,

b1ns,
Ired,
the
hter.

the specimen is likely to deform on removabfrom the tube its volume should be determined

nce
L %

of the dime¢nsion being measured, whichever istthe greater. The mass of the specimen should thelLbe
determined by difference, by weighing the tube with the specimen and the clean tube after extrusiopn of
the specimgn.

5.1.5.5 If the dry density is required,/ the water content of a representative portion of the sample ghall
be determiped in accordance with ISO 17892-1.

5.2 Immersion in fluid-method

5.2.1 Equipmentpreparation

5.2.1.1 e balance shall be supported with the platform over the container and with sufficient cJear
space between the underside of the supports and the top of the container. A suitable arrangement is

shown in Figuret:

© ISO 2014 - All rights reserved
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Key]

U s W N

5.2
int
witl

5.2

supporting frame

cradle

specimen (with coating if used)
balance

fluid container

Figure 1 —Method of determining density by immersion in fluid

1.2 The cradleysupporting frame and fluid container shall be adjusted so that the cradle is
he fluid withouttouching either the bottom or the sides of the container. The container sh
1 fluid to a-depth so that the specimen to be tested shall be completely submerged when on

1.3<_'Set the balance reading to zero or otherwise record the indicated reading.

suspended
bl be filled
the cradle.

5.2.

5.2.

2 Specimen preparation and measurements

2.1 The soil specimen shall be trimmed if necessary.

5.2.2.2 The specimen shall be weighed to the nearest 0,01 g or 0,1 % of the mass whichever is the
greater (m).

5.2.2.3 All the surface voids of the specimen shall be filled with a material which is insoluble in the
fluid and the specimen shall be re-weighed to the nearest 0,01 g or 0,1 % of the mass, whichever is the
greater (my). Care should be taken to fill only natural air voids present in the sample before sampling
(generally with wax or putty) and not the cavities resulting from loss of coarse particles during collection

© IS0 2014 - All rights reserved
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and preparation of the specimen. In filling the voids the material used should be trimmed level with the

surface of the specimen.

5.2.2.4 The specimen shall be coated completely if the chosen fluid can penetrate into the specimen.
For example, if coating with wax the specimen should be repeatedly dipped into molten wax, allowing
each layer of wax to solidify before further dipping. To avoid shrinking and cracking of the wax, it should

be only just molten when applied.

5.2.2.5 Coating of the specimen should be carried out very carefully ensuring, for example, that air

bubbles are not formed under the coating.

52.26 (

weighed to[the nearest 0,01 g or 0,1 % of the mass, whichever is the greater (m¢).

5.2.2.7 T
balance. TH

the specim
is at about

en. Adjust the fluid level so that the specimen is completely submerged ahd so that the cr
the same depth in the fluid as in 5.2.1.2.

5.2.2.8 Record the temperature of the immersion fluid.

5.2.29 T
0,01 g or 0f1 % of the mass, whichever is the greater (mg).
5.2.2.10 If

dry or othg
shall be tal

the dry density is required, the specimen shall be removed from the cradle, allowed to sur

ten which is completely free from coating, wax, modelling clay or putty and its water con

nce completely coated, the specimen shall be allowed to cool, if necessary, and shall ‘bd

he specimen shall be placed in the cradle suspended from the supporting framhéattached tq
e specimen shall be placed in the fluid taking care that no air bubbles aretrapped underng

he buoyant mass of the specimen shall be measured while suspended in fluid to the nea

shall be de
5.3 Flui
5.3.1 Eq
53.1.1 T

5.3.1.2 S
above the {

5.3.1.3 T

is the greafler (mp)}and it shall then be placed below the siphon outlet.

ermined in accordance with ISO 17892-1,

l displacement method

uipment preparation

he general arrangement.of the equipment is shown in Figure 2.

fand the specimeércontainer on a level base and fill with fluid until the level of the liquid is
iphon tube. Allow excess fluid to siphon to waste.

he receiving container shall be weighed to the nearest 0,01 g or 0,1 % of the mass, whichg¢

re-

the

path

hdle

rest

face

rwise have excess surface fluid removed, and-then be broken open. A portion of the speciien

fent

vell

EvVer
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6
Key]
1 displaced fluid level
2 final fluid level
3 siphon tube
4 tap or clip
5 specimen (with coating if used)
6 displaced fluid

Figure 2 — Method of determining density by fluid displacement

5.3]2 Specimen preparation and measurements
5.3{2.1 The soil specimen shall be'trimmed if necessary.

5.3{2.2 The specimen shall(be*weighed to the nearest 0,01 g or 0,1 % of the mass, whicHever is the
greater (m).

5.3]2.3 All the surfaece’voids of the specimen shall be filled with a material which is insoluble in the
fluigd and the specimen shall be re-weighed to the nearest 0,01 g or 0,1 % of the mass, whicljever is the
greqter (my). Cake-should be taken to fill only natural air voids present in the sample before sampling
(generally withiwax or putty) and not the cavities resulting from loss of coarse particles during collection
and| preparation of the specimen. In filling the voids the material used should be trimmed leyel with the
surfacecof’the specimen.

5.3.2.4 The specimen shall be coated completely if the chosen fluid can penetrate into the specimen.
For example, if coating with wax, the specimen shall be coated completely by repeating dipping in molten
way, allowing each layer of wax to solidify before further dipping. To avoid shrinking and cracking of the
wayx, it should be only just molten when applied.

5.3.2.5 Coating of the specimen should be carried out very carefully ensuring, for example, that air
bubbles are not formed under the coating.

5.3.2.6 Once completely coated, the specimen shall be allowed to cool, if necessary, and shall be re-
weighed to the nearest 0,01 g or 0,1 % of the mass, whichever is the greater (m¢).

© ISO 2014 - All rights reserved 7
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5.3.2.7 The specimen shall be lowered carefully into the container so that the whole specimen is

submerged

below the inlet to the siphon. When the specimen is placed in the fluid in the container care

should be taken to see that no air bubbles are trapped underneath the specimen.

5.3.2.8 Record the temperature of the fluid that the sample is placed into.

5.3.2.9 The tap or clip on the siphon outlet tube shall be opened, allowing the displaced fluid to siphon
over into the receiving container. The receiving container and fluid shall be weighed to the nearest 0,01 g

or 0,1 % of

the mass, whichever is the greater (m3).

5.3.2.10 If

dry or othdrwise have excess surface fluid removed, and then be broken open. A portion of the speci

the dry density is required, the specimen shall be removed from the cradle, allowed to surII;z:\ce
en

shall be talten which is completely free from coating, wax, modelling clay or putty and its water confent

shall be de

6 Test results

6.1 Volu

6.1.1 Linear Method
Calculate the average of the measurements of each dimension of the sample (in millimetres).

For rectangular prisms calculate the volume of the test specimen V from Formula (1):

ermined in accordance with ISO 17892-1.

me

V=LxWxHx10"2 m3 83)
where
L is the average of the measurements’of the length of one dimension (mm);
W | is the average of the measurements of the length of the second dimension (mm);
H is the average of the measurements of the length of the remaining dimension (mm).
For cylindyjical specimens, calculate the volume V from Formula (2):
d 2
V=|my %l x 1072413 (2)
where
d is-the average of the six measurements of the diameter of the specimen (mm);
L is the average of the three measurements of the length of the specimen (mm).
8 © ISO 2014 - All rights reserved
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6.1.2 Immersion in fluid method
The volume of the test specimen V shall be calculated from Formula (3):
_ (mc _mg) 3 (m, —mf)

P Pp

%1076 m3 (3)

where

mc is the mass of the immersed specimen (including the mass of coating if used) (g);

mg  is the apparent mass of specimen (and coating if used) when suspended in the flyid (g);
ms  is the mass of specimen after making up surface voids with filler (excluding coating) (g);
pf1  is the density of the immersion fluid at the test temperature (Mg/m3};

pp isthe density of the coating (Mg/m3).

NOTE The quoted unit of Mg/m3 for the density of the coating and of-the immersion fluid hjis the same
nunjerical value as the density expressed in g/cm3.

6.1)3 Fluid displacement method

The volume of the test specimen V shall be calculated from:Formula (4):

_|(my—my) (m,—my)

Pq Pp

4 x107° m3 4)

where

m1 is the mass of the fluid container (g);

my is the mass of the fluid.container and fluid siphoned into it (g);
me is the mass of specimen after coating (g);

ms is the mass-ef Specimen after filling surface voids (g);

pfl is the density of fluid at the test temperature (Mg/m3);

Pp is the'density of coating material (Mg/m3).

6.2| Bulkdensity

The Bulk density, p, shall be calculated from Formula (5):

p:%xlo_f) Mg/m3 (5)
where
m is the specimen mass (g);
%4 is the volume of the specimen (m3).
9
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6.3 Dry density

If required, the dry density of the specimen pq shall be calculated from Formula (6):

_p
Pa=T w/100) "&/™ ©)

where w is the water content of the soil, expressed as a percentage of dry mass.

NOTE The term unit weight is often used and is calculated by multiplying the density by the acceleration
due to gravity.

7 Testeport

The test rdport shall affirm that the test was carried out in accordance with this document and shall
include thd following information:

a) methof of test used;

b) identiffication of the specimen tested, e.g. by borehole number, sample uinber and sample dgpth
and any other relevant details required, e.g. depth of specimen within‘a sample, method of sample
selectipn if relevant;

c) avisudl description of the specimen including any observed fedatures noted after testing, following
the principles in ISO 14688-1;

d) bulk density expressed to two decimal places;

e) if reqyired, the dry density expressed to two decimal places and the water content of the [soil
reported in accordance with ISO 17892-1;

f) specinpen size if less than 50 cm3 and any deviation from this specified procedure.

10 © ISO 2014 - All rights reserved
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Annex A
(normative)

Calibration, maintenance and checks

All
sha
spe

If c
acc
inte

Wh

measurement equipment used in this standard shall be calibrated periodically, dits“p4g
1 be checked where required at intervals, and it shall be operated in a controlled‘enviro
cified. This Annex defines these requirements for this method.

hlibration of measurement equipment is carried out by a third party it shall be carriec
redited calibration laboratory. The certification shall show traceability to recognized
rnational standards of measurement.

ere calibration of test measuring equipment is carried out in-house the laboratory

appropriate reference standards or instruments that are used,solely for calibration purpc

sho
Wh
sep
as 4

1ld be calibrated by an accredited calibration laboratory with certification requirement
bnnotin use reference measurementequipmentshould beffetained securelyinasuitable en]
hrate from working standards or instruments. Referenge.standards and instruments shal
ccurate as the working device so that the desired aceuracy of test measurement is achiey

In house calibration procedures shall be documenteéd; shall only be performed by approved p

rec

Not|
refq

rds of such calibrations, and of performance:¢hecks, shall be retained on file.

rence equipment or test measurement equipment has been mishandled, repaired, d

adjysted or overhauled it shall be recalibrated before further use.

Al

—

A.2
The

A3

A.3
Bal

Environmental conditions

Equipment

.1 Balances

hiices shall be calibrated over their working range, using certified reference weights, at

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

rformance
hment if so

| out by an
hational or

shall hold
ses. These
s as above.
vironment
[ be atleast
ed.

ersons and

withstanding the required calibration-or' check intervals in this Annex, whenever any item of

ismantled,

re are no specific éavironmental conditions applicable to the execution of this test methgd.

least once

a year. Reference weights shall be appropriate to the category of balance being calibrated, and shall
have a tolerance (maximum permissible error) better than the resolution of the balance to be calibrated.
Reference weights shall be calibrated when first brought into use and thereafter atleast every two years.

Balances shall be checked on each day of use to confirm the zero point and to confirm the mass of a test
item of known mass. The test item should not corrode or otherwise change mass with time, and should
have a mass within the range 50 % to 80 % of the working range of the balance. The results of these checks
shall be recorded. If the balance cannot be zeroed or the mass of the test weight is found to be outside the
tolerance specified in 4.3, the balance shall be taken out of service until remedial action is complete.
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