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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

e
n
In

N

T
a
N

In
tg

>tdb“b: IU\JI : as t: 1C 1 Iy: It tU IUU ICPITOTI |tcd Ul t; Idt bUIIIIIIittUU. il ItUl I IdtiUl Idi ulrydai I;Ldt;ul 15, YUVTIITI
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further three years, revised to become an.nternational Standard, or withdrawn.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ternational Standard or withdrawn,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 17892-7 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 17892-7:2004) 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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to the CEN/CENELEC Internal Regulations, the national standards organizations of the )fo
are bound to announce this Technical Specification: Austria, Belgium, Cyprus, Czech Republic; De
Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, Luxembourg,
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 tes
y testing of soil.

1: Determination of water content

P: 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 triaxial 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
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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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1 Scope

This document covers the determination of an approximate value of the unconfined compressive strength for a
square or cylindrical water-saturated homogeneous specimen of undisturbed or remoulded cohesive soil of
sufficiently low permeability to keep itself undrained during the time it takes to perform the test within the scope of
geotechnical investigations according to prEN 1997-1 and -2.

The unconfined compressive strength of cohesive soils is a measure of the apparent cohesion. A cohesive soll
behaves as if it is truly cohesive, e.g. clay and clayey soils, but most soils in this group behave cohesively due to
negative pore pressure and friction and not due to actual cohesion.

This test method is useful to derive the undrained shear strength of soil. It should however bg.'not¢d that no
provisions are taken to prevent drainage. The derived value for undrained shear strength is therefore only valid for
soils of low permeability, which behave sufficiently undrained during testing.

The method is not appropriate for fissured or varved clays or silts or peats.

2 Normative references

The following referenced documents are indispensable for the application of this document. For dated references,
only the edition cited applies. For undated references, the latest edition of\the referenced document (including any
amenfiments) applies.

prEN [1997-1, Eurocode 7: Geotechnical design - Part 1: General.rtiles
prEN [1997-2, Eurocode 7: Geotechnical design - Part 2: Desigh assisted by laboratory testing

CEN ISO/TS 17892-1, Geotechnical investigation and testing — Laboratory testing of soil — Part 1: Determination
of waler content (ISO/TS 17892-1:2004).

CEN ISO/TS 17892-2, Geotechnical investigatiorn’ and testing — Laboratory testing of soil — Part 2: Determination
of bulk density (ISO/TS 17892-2:2004).

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

31
unconfined compressive strength
qu
maximum verticak stress an unconfined specimen can sustain or the vertical stress at 15 % vertical strain,
whichever ocelirs first during the performance of the test

3.2
undrained-shearstrength
C

u
undrained shear strength is equal to one half of the unconfined compressive strength

3.3

undisturbed sample
normally sample of quality class 1 according to prEN 1997-2

© 1SO 2004 — All rights reserved 1
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4 Equipment
41 Loading machine

4.1.1 General

A loading machine for performance of unconfined compression tests (see Figure 1) normally consists of the
following main parts:

a) Top 4nd bottom platen between which the soil specimen Is placed;
b) load frame with a drive unit to compress the soil specimen (loading press);
c) load measuring device to measure the force applied to the soil specimen;

d) compgression measuring device to measure the axial compression of the specimen.

4.1.2 Leading press

41.21 The loading press shall have sufficient capacity to load the soil specimen to failure (see 4.1.4.3).
41.2.2 The top and the bottom platen shall be designed such that their'deformations are negligible comppared
to the deformations of the soil specimen, and their diameter shall be¢So*large that no part of the soil specimen

projects heyond them.

41.2.3 Both platens may be prevented from tilting as showntin Figure 1, or one platen, usually the top |platen,
may be allowed to tilt, but neither of the platens shall be allowed-to move horizontally.

2 © 1SO 2004 — All rights reserved
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Higure 1 — Schematic drawing of a loading machine for performing unconfined compression jtests
4.1.2. The drive unit shall move one of the“platens with a constant speed, called the platen rate, which shall
be within the ranges specified in 5.4. When-the drive unit is set to advance the platen at a certain rate,|the actual
plater] rate shall not deviate more than® 20 % from the set value. The movement of the platen shall be smooth
withouyt fluctuations or vibrations.
4.1.3 | Load measuring device
4.1.3.1 The force applied on the specimen shall be measured with an accuracy of + 5 % or within + 1N,
whichgver is the greater:
4.1.3.p The compression of the load measuring device when the specimen fails, shall not exceed 10|mm.
41.3.8 lf ‘the load measuring device can be subjected to bending moments and/or horizontal forces|(as it may
be in [the set-up shown in Figure 1), the device shall be sufficiently insensitive to such factors that they can be
negle¢ted or accounted for.
4.1.4 Compression measuring device
41.41 The readability of the compression measuring device shall be better than 0,20 % of the initial specimen
height.
41.4.2 The device, with its reading equipment, shall be readable to + 0,030 % of the initial specimen height,
and have a travel range of at least 20 % of the initial specimen height.
4143 If only the travel of one platen (not the change in distance between the two platens as in Figure 1) is

measured, the displacement of the other platen, if significant, shall be accounted for when calculating the
compression of the specimen.

© I1SO 2004 — All rights reserved
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NOTE For specimen diameters up to about 70 mm a loading machine with a maximum load capacity of 7 kN and platen
speeds of 0,5; 1; 2 and 3 mm/min should be sufficient in most cases provided the maximum compression of the load measuring
device does not exceed about 2 mm.

Machines with softer load measuring devices than this, shall have higher platen speeds in order to keep the time to
failure about the same as for machines with maximum 2 mm compression of the load measuring device.

4.2 Ancillary apparatus

— Tools for trimming and cutting the specimens;

— suitgble equipment for measuring the specimen dimensions within 0,1 mm;

— mould of circular cross-section with dimensions meeting the requirements in 6.1 for making remoulded
spedimens (only required if remoulded specimens are to be prepared);

— balapce allowing the mass of the specimen to be determined within £ 0,1 %. Only required if bulk density of the
spedimen shall be determined. Determination of bulk density is recommended, but notrequired,

— equipment for water content determination is recommended, but not mandatory:

5 Tesit procedure

5.1 Ggdneral

5.1.1 The cross-sectional area of the specimen may either be Gircular or square, and shall be at least 100 mm?=.

5.1.2 Hor cylindrical specimens the ratio between height and diameter shall be between 1,8 and 2,5. For|square
specimens the ration between height and length of side shiall be between 2,0 and 2,8.

5.1.3 The largest particle in the specimen should”not exceed 1/6 of the specimen diameter for cylindrical
specimens and not exceed 1/6 of the side length for'square specimens.

5.2 Preparation of undisturbed specimens
5.2.1 Djsturbed material near the ends of a sample should not be used for unconfined compression tests.

5.2.2 Cpt and trim the specimén to the required dimensions. Great care shall be taken to avoid, as much a
possible,[deforming the specimen during the cutting and trimming process.

o

5.2.3 Chpre shall be taken to maintain the water content of the specimen during the preparation process. If the
process for some reason is interrupted, the specimen shall be carefully wrapped in plastic foil. Air circulation
around the specimien 'shall be avoided.

5.2.4 The.éend surfaces shall be as plane and perpendicular to the longitudinal axis as possible.

5.2.5 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 should be filled in with a material that hardens with time and which
does not release water to the specimen.

5.2.6 Take at least four diameter measurements and two height measurements to the nearest 0,1 mm. For soft
specimens care shall be taken to avoid penetration of the measuring equipment into the specimen.

5.2.7 If bulk density is required, the mass of the specimen shall be measured to the nearest + 0,1 %.

5.2.8 When the specimen will be used after testing to prepare a remoulded specimen, loss of water during the
testing of the undisturbed specimens should be minimized by sealing the specimen in a rubber membrane.

4 © 1SO 2004 — All rights reserved
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Unless otherwise specified, remoulded specimens shall be prepared by remoulding undisturbed material at

ural water content without significantly changing the water content.

5.3.2 After remoulding, the soil shall be kneaded, still without changing the water content, into the mould for
making remoulded specimens (see 4.2). Care shall be taken to avoid entrapped air in the material during the

knead

ing process.
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NOTE
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height
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should

5.5

Loss of water during the remoulding process may be minimized by wrapping the material in a thin
rane or in a plastic bag and kneading thoroughly with the fingers to ensure complete remoulding:

After trimming of the ends of the remoulded specimen and removing it from the mould it"shall be tr]
bed in 5.2 for undisturbed specimens.

Evaporation during the succeeding remoulding process may be minimized by wrapping the materi
membrane or in a plastic bag and work the material thoroughly with the fingetsito assure complete
Iding.

Compression

The specimen shall be placed in the loading machine so that-itds centred with respect to the bott
op platen can tilt, the specimen shall be centred with respecttosthe top platen.

The load measuring device shall be zeroed when thefé.is no contact between the top of the spe
b platen. The loading press shall be adjusted so thatithe top platen just makes contact with the

recorded.
A platen rate shall be selected which will result in the specimen in 2 minutes to 15 minutes (see 5

The compression of the specimen(at the selected rate shall be started and load and displa
ent intervals to define the stress-stfain curve. At least 10 readings should be taken prior to failure, th

For loading machines with maximum compression of the load measuring device less than 2 mm the lowe

100 mm the minimuni_required rate should be 0,5 mm per minute). The maximum required platen rate
im compression of-the load measuring device is less than 2 mm) should usually be a rate corresponding to
er minute. Theslewest rates should be selected for specimens with the lowest failure strains. Conversely H
be used for spécimens with higher failure strains.

Dismounting

5.5.1

rubber

pated as

Al in a thin

bm platen.

timen and
specimen.

splacement measuring device shall then be zeroéd-and the corresponding reading on the load neasuring

4.4).

cement at
ereafter a

g should be taken at every 1 % vertical strain. The compression may be stopped when the verfical strain
reaches 15 %, or starts to decrease;-whichever is earlier.

st required

Fate usually should be a rate corresponding to 0,5 % strain of the test specimen per minute (i.e. for a specimen with initial

(when the
about 2 %
igher rates

The axial load shall be removed.

5.5.2 A rough sketch shall be made or photograph shall be taken of the specimen indicating the failure planes.

5.5.3 The water content, if required, shall be determined as quickly as possible after the compression test, from a

repres

entative part of the soil specimen.

5.5.4 The specimen shall be broken into pieces and the soil shall be described. It shall be noted, if there are
particles greater than permitted (see 5.1).
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6 Testresults

6.1 Stress and strain

For each set of readings the vertical strain £ and the vertical stress oy shall be calculated from the equations (1)
and (2):

g="" (1)

o =2 (2)

where
AH {s vertical compression of the specimen, (mm)

H, s initial height of specimen, (mm),

P is vertical load acting on the specimen, (N),

A; s initial cross-sectional area of specimen, (mm?).

6.2 Unconfined compressive strength

The unconfined compressive strength ¢, shall be determined‘as:
— maximum value of o4 i.e. where failure takes place\or

— valug of oy at € =15 %,

whichevef occurs first.

6.3 Undrained shear strength

The undrained shear strength ¢, shall be determined as:
¢y =[05x%¢q, (3)

6.4 Sehsitivity

If the ungonfined compressive strength is determined for the same material both in undisturbed and remjoulded
condition] the sensitivity S; is computed as follows:

_ qy(undisturbed)

St
q,(remoulded)

6.5 Bulk density and water content

The bulk density shall be calculated according to CEN ISO/TS 17892-2 and the water content according to CEN
ISO/TS 17892-1.
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