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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 Direclives, 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further three years, revised to become an.nternational Standard, or withdrawn.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ternational Standard or withdrawn,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 17892-8 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

©

1ISO 2004 — All rights reserved


https://standardsiso.com/api/?name=761e0f24b53b446a9e1bb9e97c47743a

ISO/TS 17892-8:2004(E)

— 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 17892-8:2004) 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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y testing of soil.

1: Determination of water content

2: Determination of density of fine-grained soil

3: Determination of particle density - Pycnometer method

4: Determination of particle size distribution

5: Incremental loading oedometer test

6: Fall cone test

7: Unconfined compression test on fine-grained soil

8: Unconsolidated undrained triaxjal test

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

11: Determination-of permeability by constant and falling head

12: Determination of Atterberg limits

to the CEN/CENELEC Internal Regulations, the national standards organizations of the )fo|lowing
are bound to announce this Technical Specification: Austria, Belgium, Cyprus, Czech Republie; Denmark,
Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, Luxembourg,|Malta,
ds, Norway, Poland, Portugal, Slovakia, Slovenia, Spain, Sweden, Switzerland and United Kingdon.

TS 17892 consists of the following parts, under the general title Geotechnical inyestigation and tedting —
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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])
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This document specifies the test method for the determination of the compressive strength of a cylindrical, water-
saturated specimen of undisturbed or remoulded cohesive soil when first subjected to an isotropic stress without
allowing any drainage from the specimen, and thereafter sheared under undrained conditions within the scope of

the ge

NOTE
during

otechnical investigations according to prEN 1997-1 and -2.

"Water-saturated" refers to the in-situ condition. The material tested need not necessarily be saturated at all stages

the laboratory testing.

2 lJormative references

The fg
only th

e edition cited applies. For undated references, the latest edition of the referenced document (inc

amendments) applies.

prEN
prEN

CEN |
of wat

CEN |
of den

CEN |
of den
3 T

For th

3.1

failure

stress

3.2
cohe
soils t

NOTE

3.3
undis

997-1, Eurocode 7: Geotechnical design - Part 1: General rules

997-2, Eurocode 7: Geotechnical design — Part 2: Ground investigation(and testing.

pr content (ISO/TS 17892-1:2004) .

sity of fine grained soil (ISO/TS 17892-2:2004).

SO/TS 17892-3, Geotechnical investigation and testing*— Laboratory testing of soils — Part 3: Dets
Sity of soild particles — Pycnometer method (ISO/TS 17892-3:2004).

erms and definitions

e purposes of this document, the following terms and definitions apply.
of strain condition at which failure takes place

ive soils

at behave as-if'they were actually cohesive, e.g. clay and clayey soils

Mostésoails in this group behave cohesively due to negative pore pressure and friction, and not due to coh

urbed sample

llowing referenced documents are indispensable for the application of this document. Fordated r¢ferences,

uding any

SO/TS 17892-1, Geotechnical investigation and testing — Laboratory testing of soil — Part 1: Detérmination

SO/TS 17892-2, Geotechnical investigation and testing — Laboratory testing of soil — Part 2: Detgrmination

brmination

bsion.

norma

NOTE
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&
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tty sampte of quatity ctass taccording to prEN-1997-2

If no specification for the failure state is given, failure may be considered to occur at the peak deviator stress.

ymbols
vertical strain during shearing.
minor principal stress or cell pressure.

major principal stress or vertical stress.
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0 1- 03 deviator stress.

5 Equipment

5.1 General

A schematic diagram of an apparatus for triaxial testing is shown in Figure 1. The requirements for an apparatus
are given in the following sections.
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Figure 1-— Example of a triaxial test unit

5.2 Tripxial cell

5.2.1 Te triaxial cell shall be.able to withstand the cell pressure without significant leakage of cell fluid out of the
cell.

NOTE A cell with @ maximum cell pressure of 1500 kPa will be sufficient for nearly all cases. Transparent cglls are
recommen(ded.

5.2.2 The sealing bushing and piston guide shall be designed such that the piston runs smoothly and mdintains
alignment.

5.2.3 The testing procedure, the accuracy of the load measuring device, the design of the piston, its sealing and
guide and the design of the connection between the piston and the top cap shall be such that the load at failure is
known within £ 3 % or within £ 1 N, whichever is the greater (see NOTE).

The laboratory shall ensure that this accuracy can be achieved with the worst possible combination of vertical and
horizontal force and bending moment acting at that end of the piston that sticks into the triaxial cell. If the load
measuring device is situated outside the triaxial cell (see Figure 1), it shall be ensured that the friction between the
piston and it's sealing bushing is low enough or repeatable enough to permit the failure load to be determined with
the required accuracy.

NOTE Smooth running of the piston when subjected to no horizontal load and no cell pressure is no guarantee that this is
the case.

2 © 1SO 2004 — All rights reserved
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If the load measuring device is situated inside the triaxial cell, it shall be ensured that the device is sufficiently
insensitive to horizontal forces and/or bending moments to achieve the required accuracy. The influence of the cell
pressure on the load cell, if any, shall be sufficiently repeatable to be corrected for.

5.2.4 The top cap and the pedestal and the connection between the top cap and the piston shall be designed
such that their deformations are negligible compared to the deformations of the soil specimen.

5.2.5 The diameter of the top cap and of the pedestal should normally be equal to the diameter of the specimen.
Specimens with diameters smaller than the diameter of the end caps may be tested provided cavities under the

memb

rane at the ends of the specimen can be avoided.

5.2.6
uncon
or 1 kf

5.3

5.3.1

The vertical stress applied on the specimen due to the weight of the top cap may not exceed |
fined compressive strength (compressive strength is equal to two times the shear strength)of’the
Pa whichever is the greater.

Confining membrane

The soil specimen shall be confined by an elastic membrane which effectively prevents the cell

penetrating into the specimen. If rubber membranes are used, membranes with\following properties

used:

5.3.2
should

5.3.3
and el

5.4

541
presst

54.2
presst

5.5

5.5.1
not de
fluctug

hstretched diameter between 95 % and 100 % of specimen diameter«(after being stored in water);
ickness not exceeding about 1 % of the specimen diameter;

astic modulus (measured in tension) not exceeding 1600 kRA:

Confining membranes that give a correction on theZdeviator stress (o4 - 03) of more than 10 %
not be used.

If O-rings are used to seal the confining membrane to the top cap and to the pedestal, their d
bstic properties shall be such that the confining membrane is firmly sealed to the top cap and to the

Cell pressure device

re constant within + 2 % or£.1,0 kPa, whichever is greater.

The tubings between-the triaxial cell and the cell pressure sensor shall be wide enough to ensure
re difference betweén,these two components.

| oading press

The loading press shall be able to provide the rates of vertical strain according to 6.5. The actua
viatecmore than £ 10 % from the required value. The movement of the press shall be smoo
tior's_or vibrations.

8 % of the
specimen

fluid from
should be

at failure

mensions
pedestal.

The device for maintaining the cell pressure constant shall be accurate enough to keep the required cell

negligible

rate may
th without

NOTE

A'loading press with a maximum Ioad capacity oT TU KN and whnich IS able 10 advance the piston with ra

es varying

from about 0,5 mm to about 3 mm per minute with a minimum of four different advance rates is considered to be sufficient for
most testing.

5.5.2

The stroke of the loading press shall be at least 30 % of the specimen height.

5.6 Measuring devices

5.6.1

Vertical load

The accuracy of the vertical load sensor shall be compatible with the accuracy by which it is required that the

failure

load shall be known (see 5.2.3).
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5.6.2 All pressure

5.6.2.1 The cell pressure measuring device shall be sufficiently accurate to permit the cell pressure to be
known within + 2 % or within £ 1,0 kPa whichever is the greater. The device shall give the correct pressure at a
level approximately equal to the level of half the height of the specimen.

5.6.3 vertical compression

The vertical compression of the specimen is usually determined by measuring the distance the piston travels
relative tothe-base pe > di - i “Waal= i than +
0,10 % of the initia hall be
readablelto £ 0,015 % of the initial specimen height. Possible false compression due to cell pressure change shall
be accounted for if compression measurements are performed in the stage prior to shearing.

5.7 Ancillary apparatus

The ancillary apparatus consists of:
— Equipment for determination of water content according to CEN ISO/TC 17892-1;

— equipment for determination of density of cohesive (fine-grained) soil, linearmethod according to CEN ISO/TC
17892 -2;

— spedimen trimming and carving tools, membrane and O-ring expanders.

6 Test procedure

6.1 Ggqneral requirements and equipment preparation

6.1.1  Test specimens shall be cylindrical with diameter not less than 35 mm and height from 1,85 to 2,2p times
the diamegter. The largest particle size may not exceed 1/6 of the specimen diameter.

6.1.2 The specimen height and diameter(shall be measured or evaluated in such a way that their average|values
are known within + 0,1 mm. The mass of the specimen shall be measured to within £ 0,1 %.

6.1.3 (are shall be taken to maintain the water content of the specimen during the preparation processg. If the
process for some reason is interrupted, the specimen shall be carefully wrapped in plastic foil. Air cir¢ulation
around the specimen shall be-aveided.

6.1.4 The confining mémbrane shall be checked for leakage before each test, for example by subjecting it to a
small air pressure on the-inside and looking for air bubbles when immersing it in water. The membrane shall be dry
on the ingide before being placed onto the soil specimen. If rubber membranes are used, they should be sfored in
water at least 24 _hours before being used because dry membranes tend to adsorb water.

6.1.5 If the\test is performed in a triaxial cell with drainage tubes, the drainage tubes shall be saturated with
water, shutoff _and covered with impnr\/inl IS plntnnc

6.1.6 If the vertical load is measured outside the triaxial cell, it shall be checked prior to each test that the piston
runs smoothly, and if a rotating bushing is used, it shall be checked during each test, by direct observation of the
bushing, preferably at high loads, that it really rotates.

6.1.7 To fill the cell, a liquid shall be used which does not significantly penetrate the membrane enclosing the

specimen or absorb a significant amount of water from the specimen through the membrane. De-aired water is
generally found to meet these requirements.

6.2 Preparation of undisturbed specimens

6.2.1 Disturbed material near the ends of a sample should not be used for triaxial testing.

4 © 1SO 2004 — All rights reserved
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6.2.2 Extreme care shall be taken to avoid, as much as possible, deforming the specimen during the mounting
process. Very soft specimens (undrained shear strength < 12,5 kPa) may have to be mounted without touching the
specimen by hand at any stage during the preparation.

6.2.3 The end surfaces shall be as plane and perpendicular to the longitudinal axis as possible. The angle
between each end surface and the longitudinal axis may not deviate from a right angle by more than + 0,6°.
Grooves and holes in the ends and sides of the specimen shall be filled with remoulded material if they cannot be
removed by further trimming and if new specimens cannot be trimmed. Grooves and holes in the ends greater than
1/10 of the specimen diameter shall be filled in with a material that hardens with time and which does not release
water to the specimen.

6.3 Preparation of remoulded specimens
6.3.1 | Unless specified otherwise, remoulded specimens may be prepared by remoulding undisturbed rnaterial at
its natpral water content, without significantly changing the water content. After remoulding_ it shall be kngaded, still

without changing the water content, into a mould with the same internal dimensions as)the required remoulded
specimen. Care shall be taken to avoid entrapping air.

NOTE Evaporation during the remoulding process may be minimized by wrapping thesmaterial in a thin rubber{membrane
or in a plastic bag, and working the soil thoroughly with the fingers to assure complete remoulding.

6.4 Stage prior to shearing
6.4.1 | The specified cell pressure shall be applied to the specimen,
6.4.2 | Shearing shall start about 10 minutes after application of.the cell pressure.

6.4.3 | The vertical compression due to application of cell pressure AHc should be measured. This can pe done if
the pigton is kept in contact with the top cap, for example‘*by adding dead weights, when applying the cell pressure.

6.5 PBhearing

6.5.1 | During shearing, the cell pressureshall be kept constant and the specimen loaded to failure by
compressing the specimen in the vertical direction at a constant rate.

6.5.2 | The rate of strain during testing.shall be in the range of 0,5 % to 2 % per minute. The lowest rales should
be selgcted for specimens with the-lewest failure strains.

6.5.3 | The following variables shall be recorded during shearing:

grtical load;

— vertical compression;

— tatal cell pressure.

6.5.4 | Readings shall be taken on all measuring devices at intervals such that stress-strain curvgs can be
obtainpd:from the readings. As a minimum, 15 readings shall be taken prior to failure, and thereafter at every 1 %
verticat-strain—For-brittte-materiats i be-takermore-frequentty-around-faitturethanduringthe-rest of the
test.

6.5.5 The strain at which the test shall be stopped, should be. If no such specification is given, the test may be
stopped when the axial strain reaches 15 % or exceeds, by 5 %, the strain at peak deviator stress, whichever its
earlier.

6.6 Dismounting
6.6.1 The deviator load shall be removed and the cell pressure shall be reduced to zero.

6.6.2 As quickly as possible, the specimen shall be removed from the triaxial cell and the membrane shall be
stripped off.
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6.6.3 A rough sketch or photograph of the specimen indicating the failure planes shall be taken.

6.6.4 The whole specimen shall be weighed and immediately afterwards a representative part shall be selected
and the water content shall be determined.

6.6.5 The specimen shall be broken into pieces and the soil shall be described. If there are particles greater than
permitted this shall be noted (see 6.1.1). Particle size distribution and plastic and liquid limits on material that is not
dried, should be determined for at least one ftriaxial test specimen of each type of material included in the
investigation.

7 Teslt results

7.1 Budlk density, dry density and water content
The initia] water content and the bulk density shall be calculated from initial measurements of-height, diameter and

mass of the specimen and from final weighings. Initial void ratio (or initial porosity) and initial degree of safuration
based onl a measured or estimated particle density should be calculated.

7.2 Stage prior to shearing
If the height change of the specimen prior to shearing is determined, the velume change may be calculated from

equation|(1):

Vi
AV:AHC><3><E 1)

where
AV is th¢ volume change;

AHc is th¢ height change;

V, is th¢ initial volume of specimen;

H; is th¢ initial height of the specimefy:

7.3 Shearing

7.3.1 Average area of specimen:

A= SimAV o (2)
H, — AH 2~ AH
7.3.2 Deviator stress:
P+K-—-axo
01=0y =——— >~ (oY), 3)
7.3.3 Vertical strain:
AH
£ =—r 4)
H; - AH .
where

AV is the volume change prior to shearing;
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