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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. 

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2. 

The main task of technical committees is to prepare International Standards. Draft International Standards 
adopted by the technical committees are circulated to the member bodies for voting. Publication as an 
International Standard requires approval by at least 75 % of the member bodies casting a vote. 

In other circumstances, particularly when there is an urgent market requirement for such documents, a 
technical committee may decide to publish other types of normative document: 

— an ISO Publicly Available Specification (ISO/PAS) represents an agreement between technical experts in 
an ISO working group and is accepted for publication if it is approved by more than 50 % of the members 
of the parent committee casting a vote; 

— an ISO Technical Specification (ISO/TS) represents an agreement between the members of a technical 
committee and is accepted for publication if it is approved by 2/3 of the members of the committee casting 
a vote. 

An ISO/PAS or ISO/TS is reviewed after three years with a view to deciding whether it should be confirmed for 
a further three years, revised to become an International Standard, or withdrawn. In the case of a confirmed 
ISO/PAS or ISO/TS, it is reviewed again after six years at which time it has to be either transposed into an 
International Standard or withdrawn. 

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. 

ISO/TS 17892-9 was prepared by the European Committee for Standardization (CEN) in collaboration with 
Technical Committee ISO/TC 182, Geotechnics, Subcommittee SC 1, Geotechnical investigation and testing, 
in accordance with the Agreement on technical cooperation between ISO and CEN (Vienna Agreement). 

Throughout the text of this document, read "...this European pre-Standard..." to mean "...this Technical 
Specification...". 

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 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 12: Determination of the Atterberg limits 
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Foreword 

This document (CEN ISO/TS 17892-9:2004) 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”. 

According to the CEN/CENELEC Internal Regulations, the national standards organizations of the following 
countries are bound to announce this Technical Specification: Austria, Belgium, Cyprus, Czech Republic, Denmark, 
Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, 
Netherlands, Norway, Poland, Portugal, Slovakia, Slovenia, Spain, Sweden, Switzerland and United Kingdom. 

CEN ISO/TS 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 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 

  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 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 stress-strain relationships and effective stress paths for a cylindrical, 
water-saturated1) specimen of undisturbed, remoulded or reconstituted soil when subjected to an isotropic or an 
anisotropic stress under undrained or drained conditions and thereafter sheared under undrained or drained 
conditions within the scope of the geotechnical investigations according to prEN 1997-1 and -2. The test methods 
provide data that are appropriate to present tables and plots of stress versus strain, and effective stress paths.  

Special procedures such as: 

a) Tests with lubricated ends; 

b) tests with local measurement of strain or local measurement of pore pressure; 

c) tests without rubber membranes; 

d) extension tests; 

e) shearing where cell pressure varies; 

f) shearing at constant volume (no pore pressure change)  

are not covered. 

The conventional triaxial apparatus is not well suited for measurement of the initial moduli at very small strains. 
However, strains halfway up to failure are considered to be large enough to be measured in conventional triaxial 
cells. 

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 
amendments) applies. 

prEN 1997-2, Eurocode 7: Geotechnical design - Part 2: Design assisted by laboratory testing 

prEN 1997-1, Eurocode 7: Geotechnical design - Part 1: General rules 

3 Terms and definitions 

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

3.1 
CIU-test 
isotropically consolidated undrained test 

3.2 
CAU-test 
anisotropically consolidated undrained test 

3.3 
CID-test 
isotropically consolidated drained test 

                                                      
1) Water saturated refers to the in-situ condition. The material tested need not necessarily be saturated at all stages during the 
laboratory testing. 
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 3.4 
CAD-test 
anisotropically consolidated drained test 

3.5 
back pressure 
external pressure by which the pore pressure is increased prior to consolidation or shearing in order to saturate the 
filters, the pore pressure measuring system and the specimen 

3.6 
failure 
stress or strain condition at which failure takes place 

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

3.7 
effective shear strength parameter 
friction angle φ ' and cohesion intercept c' both in terms of effective stress (see Figure 1) 

NOTE These parameters relate to the shear stress mobilized at the failure state specified. 

 Key 

a Test 1 
b Test 2 
c Test C 
X effective normal stress 
Y shear stress 
c´ effective cohesion intercept 
a’ attraction intercept 
φ’ effective friction angle 

Figure 1 — Mohr stress circles at failure 

3.8 
cohesive soils 
soils that behave as if they were actually cohesive, e.g. clay and clayey soils 

NOTE Most soils in this group behave cohesively due to negative pore pressure and friction, and not due to cohesion. 

3.9 
undisturbed simple 
sample of quality class 1 according to prEN 1997-2 
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 4 Symbols 

ε1 and εvol   vertical and volumetric strain, respectively, during shearing. 

σ cell total cell pressure. 

σ 1 and σ 1' major total and major effective stress, respectively (see note). 

σ 3 and σ 3'  minor total and minor effective stress, respectively (see note). 

σ 1 −σ 3     deviator stress. 

u and u∆  total pore pressure and change in pore pressure respectively. 

σ 1C' major effective stress at end of consolidation. 

σ 3C'  minor effective stress at end of consolidation. 

NOTE Except perhaps in the case of anisotropic consolidation of strongly overconsolidated materials, σ1 will be equal to 
the vertical stress and σ 3  will be equal to the horizontal stress for all tests described in this draft. If the vertical stress is greater 
than the horizontal one, the vertical stress shall be called σV instead of σ1 and the horizontal stress σH instead of σ3. 

5 Equipment 

5.1 General 

A schematic diagram of an apparatus for triaxial testing is shown in Figure 2. 
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 Key 
1 alternative positions for load measuring device 
2 air bleed 
3 vertical compression measuring device  
4 piston 
5 top cap 
6 soil specimen 
7 membrane 
8 pedestal 
9 device for measurement and control of cell pressure 
10 triaxial cell 
11 drainage tubes 
12 pore pressure sensor 
13 volume change sensor 
14 device for measurement and control of back pressure 
P vertical load 

Figure 2 — Example of a triaxial test unit 

5.2 Triaxial cell 

5.2.1 The triaxial cell shall be able to withstand a total cell pressure equal to the sum of the consolidation stress 
and the back pressure without significant of cell fluid out of the cell. 

A cell with a maximum cell pressure of 2000 kPa will be sufficient for nearly all cases. Transparent cells should be 
used. 

5.2.2 The sealing bushing and piston guide shall be designed such that the piston runs smoothly and maintains 
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 to an accuracy of ± 3 % or to an accuracy of ± 1 N, whichever is the greater. It shall be ensured 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 projects into the triaxial cell. 
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