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FOREWORD
Objectives of the Eurocodes

(1) The structural Eurocodes comprise a group of standards for the structural and
geotechnical design of buildings and civil engineering works.

(2) They are intended to serve as reference documents for the following purposes:

(a) As a means to prove compliance of building and civil engineering works with the
essential requirements of the Construction Products Directive (CPD)

(b) As a framework for drawing up harmonised technical specifications for
construction products.

(3) They cover execution and control only to the extent that is necessary to indicate the
quality of the construction products, and the standard of the workmanship, needed to
comply with the assumptions of the design rules.

(4) Until the necessary set of harmonised technical specifications for products and for
methods of testing their performance is available, some of the Structural Eurocodes cover
some of these aspects in informative annexes.

Background to the Eurocode programme

(5) The Commission of the European Communities (CEC) initiated the work of
establishing a set of harmonised technical rules for the design of building and civil
engineering works which would initially serve as an alternative to the different rules in
force in the various Member States and would ultimately replace them. These technical
rules became known as the "Structural Eurocodes".

(6) In 1990, after consulting their respective Member States, the CEC transferred work of
further development, issue and updates of the Structural Eurocodes to CEN and the
EFTA Secretariat agreed to support the CEN work.

(7) CEN Technical Committee CEN/TC 250 is responsible for all Structural Eurocodes.

Eurocode programme

(8) Work is in hand on the following Structural Eurocodes, each generally consisting of a
number of parts:

EN 1990 Eurocode 0 Basis of design

EN 1991 Eurocode 1 Actions on structures

EN 1992 Eurocode 2 Design of concrete structures

EN 1993 Eurocode 3 Design of steel structures

EN 1994 Eurocode 4 Design of composite steel and concrete structures
EN 1995 Eurocode 5 Design of timber structures

EN 1996 Eurocode 6 Design of masonry structures

EN 1997 Eurocode 7 Geotechnical design

EN 1998 Eurocode 8 Design of structures for earthquake resistance.
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EN 1999 Eurocode 9 Design of aluminium alloy structures

(9) Separate sub-committees have been formed by CEN/TC 250 for the various
Eurocodes listed above.

(10) This part of the Structural Eurocode for Geotechnical design, is being issued by CEN
as a European prestandard (ENV) with an initial life of three years.

(11) This prestandard is intended for experimental practical application in the design of
the building and civil engineering works covered by the scope as given in 1.1.2 and for
the submission of comments.

(12) After approximately two years CEN members will be invited to submit formal
comments to be taken into account in determining future action.

(13) Meanwhile, feedback and comments on this prestandard should be sent to the
Secretariat of sub-committee CEN/TC250/SC7 at the following address:

NNI

P.O.Box 5059
NL-2600 GB Delft
The Netherlands

or to a national standards organisation.

National application documents

(14) In view of the responsibilities of authorities in member countries for the safety, health
and other matters covered by the essential requirements of the CPD, certain safety
elements in this ENV have been assigned indicative values which are identified by [ ]. The
authorities in each member country are expected to assign definitive values to these
safety elements.

(16) Many of the supporting standards, including those giving values for actions to be
taken into account and measures required for fire protection, will not be available by the
time this prestandard is issued. It is therefore anticipated that a National Application
Document giving definitive values for safety elements, referencing compatible supporting
standards and giving national guidance on the application of this prestandard will be
issued by each Member State or its Standards Organisation. This prestandard should be
used in conjunction with the National Application Document valid in the country where the
building and civil engineering works is to be constructed.

Matters specific to this prestandard

(16) This prestandard is intended to serve as a reference document for the use of
laboratory tests for geotechnical design. It covers the execution and interpretation of the
most commonly used laboratory tests. The prestandard aims at ensuring that adequate
quality is reached in the execution of laboratory tests and their interpretation.

(17) Within the framework of European Standardisation, Eurocode 7 Part 1 on the design
of geotechnical structures was established. The link between the design requirements in
Part 1 and the results of laboratory tests run according to standards, codes and other

accepted documents are covered by Part 2 «Geotechnical Design Assisted by Laboratory
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Testing». Eurocode 7 Part 2 addresses in particular the requirements of Section 3 in Part
1, «Geotechnical data».

(18) ENV 1997-2 and ENV 1997-3 are complementary.

(19) No other standard covering to the extent of the present document the use of
laboratory tests for geotechnical design has been published before. Some existing
standards cover part of the material described in the present document. Various national
standards on laboratory test procedures however have been published.

(20) CEN/TC 250/SC7 defined the scope for this part of Eurocode 7 in the following
manner:

— the document should represent a prestandard for professional behaviour within the
field of design assisted by laboratory testing.

— the requirements for the interpretation of the test results should include the «derived»
values of the soil parameters and not the characteristic values.

— the document should only give those requirements that are essential to obtain reliable
derived values of soil parameters; test procedures are to be presented elsewhere; the
present document is a step towards a global set of standards including test
procedures, interpretation and selection of characteristic values.

(21) Laboratory tests as such are not within the scope of this prestandard. This
prestandard consists of a main text (Sections 1 to 15) and an informative annex (Sections
A1 to A15). The main text contains the requirements and the aspects for each laboratory
test method. The informative annex contains information which is useful for practical
work, but which may not be as generally recognised in the member countries as the
concepts in the main text.

(22) Section 2 contains general requirements applicable to all laboratory tests covered,
section 3 covers calibration requirements. Sections 4 to 11 cover the requirements for
laboratory testing of soils, with section 4 covering the preparation of soil specimens and
sections 5 to 11 treating each laboratory test separately. Sections 12 to 15 cover the
requirements for the laboratory testing of rocks, with section 12 covering the preparation
of rock specimens for testing and sections 13 to 15 treating each laboratory test
separately.

(23) The informative annex A with the same numeration system for the sections as the
main text (Sections A.2 to A.15 correspond to Sections 2 to 15 in the main text) gives
additional information on principles of measurement, testing procedures, minimum
number of tests and reporting and interpretation.

(24) There are no European or ISO standards on laboratory testing procedures at the
moment. Until standards on testing procedures have been completed, the informative
annex contains a list of standards, prestandards and other publicly available documents
that comply with the requirements of this prestandard.

In the annex, wherever possible, checklists and tables are provided to assist with
planning, checking and interpretation of laboratory tests. The annex is by no means an
exhaustive listing of all possible issues that may arise but points out important aspects to
be considered.
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1 GENERAL

1.1 Scope
1.1.1 Scope of Eurocode 7

(1)P Eurocode 7 applies to the geotechnical aspects of the design of buildings and civil
engineering works. It is subdivided into various separate parts, (see 1.1.2).

(2)P Eurocode 7 is concerned with the requirements for strength, stability, serviceability
and durability of structures. Other requirements, e.g. concerning thermal or sound
insulation, are not considered.

(3)P Eurocode 7 shall be used in conjunction with ENV 1991-1 "Basis of Design" of
Eurocode 1 "Basis of Design and Actions on Structures” which establishes the principles
and requirements for safety and serviceability, describes the basis for design and
verification and gives guidelines for related aspects of structural reliability.

(4)P Eurocode 7 gives the rules to calculate actions originating from the ground such as
earth pressures. Numerical values of actions on buildings and civil engineering works to
be taken into account in the design are provided in ENV 1991 Eurocode 1 "Basis of
Design and Actions on Structures" applicable to the various types of construction.

(5)P In Eurocode 7 execution is covered to the extent that is necessary to indicate the
quality of the construction materials and products which should be used and the standard
of workmanship on site needed to comply with the assumptions of the design rules.
Generally, the rules related to execution and workmanship are to be considered as
minimum requirements which may have to be further developed for particular types of
buildings or civil engineering works and methods of construction.

(6)P Eurocode 7 does not cover the special requirements of seismic design.
Eurocode 8, "Design provisions for earthquake resistance of structures" provides
additional rules for seismic design which complete or adapt the rules of Eurocode 7.

1.1.2 Scope of ENV 1997-2

(1)P This prestandard provides requirements for the execution, interpretation and use of
geotechnical laboratory tests. The standard aims at providing assistance for the
geotechnical design of structures. It does not replace national test standards on testing
procedures.

(2) The provisions of this document are planned primarily for projects of Geotechnical
Category 2, as defined in 2.1 of ENV 1997-1.

(3)P ENV 1997-2 shall be used in conjunction with ENV 1997-1.
(4) For each of the laboratory tests included, this prestandard presents the objective and

the requirements of the test. The requirements are related to test programme, test
apparatus and testing procedures, and the evaluation and presentation of the test results.
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(4) Only commonly used geotechnical laboratory tests are covered in this prestandard.
These were selected on the basis of their importance in geotechnical practice, availability
in commercial geotechnical laboratories and existence of an accepted testing procedure
in Europe. Tests less commonly used, especially more advanced tests, which may be
essential for design of structures within Geotechnical

Category 3, as defined in 2.1 of ENV 1997-1, are mentioned in connection with related
tests. Unsaturated soils are not covered. The parameters needed for e.g. finite element
calculations (Poisson’s ratio, shear modulus and Young’'s modulus) are not dealt with
either. It is expected that updates of the present prestandard will gradually include more
advanced laboratory tests, unsaturated soils and deformation parameters.

(5) This document is meant for the person responsible for a geotechnical design.

1.2 References

(1)P This European prestandard incorporates by dated or undated reference, provisions
from other standards. These normative references are cited at the appropriate places in
the text and the publications are listed hereafter. For dated references, subsequent
amendments to or revisions of any of these publications apply to this prestandard only
when incorporated in it by amendment or revision.

ENV 1991-1:1994 Eurocode 1 Basis of design and actions on structures -
Part 1 Basis of design

ENV 1997-1:1994 Eurocode 7 Geotechnical design - Part 1 General rules

ENV 1997-3:1998 Eurocode 7 Geotechnical design - Part 3 Design assisted by field
testing

1.3 Distinction between Principles and Application Rules

(1)P Depending on the character of the individual paragraphs, distinction is made in this
prestandard between Principles and Application Rules.

(2)P The Principles comprise:

- general statements and definitions for which there is no alternative, as well as;

- requirements and analytical models for which no alternative is permitted unless
specifically stated.

(3)P The Principles are preceded by the letter P.

(4)P The Application Rules are examples of generally recognised rules which follow the
Principles and satisfy their requirements.

(5)P It is permissible to use alternative rules different from the Application Rules given in

this Eurocode, provided it is shown that the alternative rules accord with the relevant
Principles.
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1.4 Definitions

1.4.1 Terms common to all Eurocodes

(1)P The terms used in common for all Eurocodes are defined in ENV 1991-1 Basis of
design.

1.4.2 Terms common to Eurocode 7

(1)P For terms, specific to Eurocode 7, reference is made to 1.5.2 of ENV 1997-1.

(2)P The following terms, used in this part of Eurocode 7, in addition to, or replacing the
terms defined in 1.5.2 of ENV 1997-1, are defined here:

1.4.2.1 comparable experience: defined in 1.4 of ENV 1997-1. In addition three classes
of comparable experience are defined:

- none: if no reliable results are available,

- medium: if data for similar soils are available or if data follow knowledge documented
in geotechnical literature

- extensive: if statistical evaluations and/or published correlations, or if testresults for the
same soil on a nearby location, exist

1.4.2.2 derived value: derived value of a geotechnical property is the value obtained by
theory, correlation or empiricism from test results. Derived values form the basis for the
selection of characteristic values of ground properties to be used for the design of
geotechnical structures in accordance with 2.4.3 in ENV 1997-1.

1.4.2.3 disturbed sample: sample where the structure, water content and constituents of
the soil have been changed during sampling.

1.4.2.4.element test: test on an element (specimen) of soil to determine a property,
where the element is subjected to deformations, forces or percolation attempting to
simulate the in situ conditions of a soil mass.

1.4.2.5 measured value: value is the value measured in a test.

1.4.2.6 normally consolidated soil: soil which state is on the virgin normal compression
line.

1.4.2.7 overconsolidated soil: soil which state is below the virgin normal compression
line.

1.4.2.8 quality class: classification by which the quality of a soil sample is assessed. For
laboratory testing purposes, soil samples are classified in five Quality Classes, where
Quality Class 1 represents an undisturbed sample, and Quality Class 5 a sample not
suitable for representative testing.

1.4.2.9 remoulded specimen: fully disturbed specimen, at about natural water content.

1.4.2.10 re-compacted specimen: specimen forced into a mould with a rammer or under
static pressure.
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1.4.2.11 re-constituted specimen: specimen made into a slurry (at or above the liquid
limit for clays) and then reconsolidated.

1.4.2.12 re-consolidated specimen: specimen compressed in a mould or cell under
static pressure while allowing drainage to take place.

1.4.2.13 sample: portion of soil or rock recovered from the ground by sampling
techniques.

1.4.2.14 specimen: part of a soil or rock sample used for a laboratory test.

1.4.2.15 strength index test: test of rather rudimentary nature that yields an indication of
the shear strength, without necessarily giving a representative value. The results of such
test is subject to considerable uncertainty.

1.4.2.16 swelling: expansion due to reduction of effective stress resulting from either
reduction of total stress or absorption of water at constant total stress. Swelling includes
the reverse of both compression and consolidation.

1.4.2.17 undisturbed sample: sample where no change in the soil characteristics of
practical significance has occurred.

1.5 Symbols and units

1.5.1 Symbols common to all Eurocodes

(1)P The symbols used in common for all Eurocodes are defined in ENV 1991-1 "Basis of
design".

1.5.2 Symbols used in Eurocode 7

(1)P The symbols commonly used in Eurocode 7 are defined in 1.8 of ENV 1997-1.
Symbols used in this prestandard are defined in the relevant texts.

1.5.3 Units

(1) For geotechnical calculations, the recommended units are defined in 1.6 of
ENV 1997-1.
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1.6 The link between ENV 1997-1 and ENV 1997-2

The flow chart shown below demonstrates the link between design and field and laboratory
tests. The design part is covered by ENV 1997-1; the parameter values part is covered by

ENV 1997-2 and -3.

I_ covered by ENV 1997-1

-limit state
-geotechnical category
-partial factors

_________

characteristic values )
which type
of test ?
parameter
values
o _{ _____________ o ) S
1 | derived values of through correlations field tests } E
' | ground properties + requirements :
| | (parameters) or directly lab. tests } :
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2 REQUIREMENTS FOR ALL LABORATORY TESTS

2.1 General requirements

(1)P When designing with the help of laboratory tests, both the requirements in section 2
and the requirements for a specific test in sections 3 to 15 shall be satisfied.

(2)P The requirements for site investigations contained in section 2 of ENV1997-3 shall
be followed.

(3)P The requirements contained in section 3 of ENV1997-1 shall be followed.

(4) The requirements given in this prestandard represent a minimum. Additional
specifications, additional presentation requirements or additional interpretation, as
appropriate for the ground conditions or geotechnical aspects of interest, may be
required.

(5) Annex A2 presents in a schematic manner the different steps of a soil investigation,
with special emphasise on laboratory tests.

2.2 Testing programme

(1)P The type of construction, the soil type and stratigraphy and the geotechnical aspects
of the project shall be taken into account when setting up the laboratory testing
programme.

(2)P The testing programme shall be set up to complete and expand on the information
obtained from the field testing programme. Geotechnical design, field testing and
laboratory tests shall form a whole where the test results are used as complementary and
in combination during all stages of the work.

(3) Before any laboratory test is performed, all soil samples should be inspected visually
such that a preliminary soil profile can be established. The visual inspection of the
samples should be supported by simple manual tests to classify and identify the soil and
to give a first impression of the consistency and the strength of the soil. The boring logs
and existing investigation results should be evaluated and incorporated in the preliminary
soil profile.

(4) Prior to setting up a test programme, the expected stratigraphy at the site should be
established and the strata relevant for design selected to enable the specification of the
type and number of tests in each stratum. Stratum identification should be a function of
the geotechnical problem, its complexity, the local geology and the required parameters
for design.

(5)P Samples for element tests shall be selected so as to cover the range of index
properties of each relevant soil stratum.

(6)P The amount of testing shall be sufficient to meet the requirements given herein, also
taking into consideration the safety requirements of the project, the cost benefit of the
testing, the test methods selected and the available comparable experience.

(7)P The tests shall be run on specimens representative of the relevant strata.
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(8)P The testing programme shall be adjusted as the results become available and the
initial assumptions can be checked. In particular, the need for specifying additional testing
to check whether the parameters obtained fit into a consistent behavioural pattern for soil
or rock shall be considered.

(9)P The need for more advanced testing or additional field investigation as a function of

the geotechnical aspects of the project, soil type, soil variability and computation model
shall be considered.

2.3 Quality of soil samples

(1) Soil samples used for laboratory testing are classified in five Quality Classes with
respect to the soil characteristics that remain unchanged during sampling or handling.
The classes are described in Table 1.

Table 1 Quality Classes of soil samples for laboratory testing

Soil properties/Quality Class 1 2 3 4 5
Unchanged soil characteristics
Particle size X X X X
Water content X X X
Density, density index, permeability X X
Compressibility, shear strength X
Properties that can be determined
Sequence of layers X X X X X
Boundaries of strata - broad X X X X
Boundaries of strata - fine X X
Atterberg limits, particle density, organic X X X X
content
Water content X X X
Density, density index, porosity, X X
permeability
Compressibility, shear strength X

(2)P Samples shall be tested as soon as possible after recovery. Transport and storage
shall be done in such a manner that no change in the soil characteristics is likely to occur.

(3)P The effects of sample disturbance on the results of the laboratory tests shall be
taken into account when planning the testing programme and when interpreting the test
results.

(4) Soil samples, when recovered, are always disturbed to some degree.

(5) For the desciption of soil sampling methods and the quality of samples obtained by the
different sampling methods, reference is made to ENV1997-3.
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2.4 Equipment, procedures and presentation

(1)P The tests shall be carried out in accordance with procedures which comply with the
requirements given in the paragraphs for each test.

(2)P The details of the tests required to determine the parameters that are needed for
design shall be specified.

(3)P Accuracy checks shall be performed based on duplicate tests or comparisons with a
database on comparable soil types.

(4)P Checks that the laboratory equipment used for testing is adequate and properly
calibrated shall be made.

(5)P The test methods and procedures used shall be reported together with the test
results. Any deviations from a standard test procedure shall be reported and justified.

(6) The test procedures may be reported by reference to documents that are recognised
internationally by the geotechnical profession.

NOTE: no international or European standards for testing still exist

(7) Provided the requirements of this prestandard are met, alternative methods to present
test results may be selected.

2.5 Evaluation of test results

(1)P The test results shall be evaluated as a whole, including the results of field and
laboratory tests, comparing the results with existing experience for each derived value of
a soil characteristic, giving special consideration to anomalous results for a given stratum
and reconsidering the assumed stratum subdivision in light of the results obtained. The
results shall be interpreted taking into account the ground water table, soil type, drilling
method, sampling method, transport, handling and specimen preparation.

(2)P The evaluation of the laboratory test results shall take into account available
comparisons of the results with existing experience, the results of other types of
laboratory and field tests capable of measuring the same soil parameter, and correlations
based on index properties of the sail.

(3)P When evaluating the test results, only relevant comparisons shall be made.

(4) As far as possible, the results should include a statement on limitations or constraints
to which the use of a soil or rock parameter should be subjected.

(5) This prestandard applies to the most commonly encountered soils, such as sands,
silts and clays. For other soils with different compositions and/or geology, additional or
modified requirements may be needed. In particular, comparable experience should be
used.
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(6)P No substitution of strength and deformation tests with values selected from
databases with comparable experience shall be done if the comparable experience is not
well documented and the data and the estimates thereof have not been quality controlled.

(7) With natural soils, variations in measured properties may indicate significant variations
in site conditions. It is very important that weak zones be identified, and that the
uncertainty in laboratory test results be assessed. The use of statistics for determining
derived values may mask the presence of a weaker zone. The statistical approach should
be used with caution and generally combined with other methods.

(8)P As the test results are interpreted, the need for specifying further interpretation of the

results to check whether each parameter obtained fits into a consistent behavioural
pattern for soil or rock shall be considered.

2.6 Quality assurance and quality control

(1)P An appropriate quality assurance system shall be in place in the laboratory and
engineering office, and quality control shall be exercised competently in all phases of the
laboratory testing and interpretation of the test results.
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3 CALIBRATION OF TEST EQUIPMENT

3.1 Objective

(1) The objective of calibration is to ensure that the uncertainties in any measurement,
wherever practicable, can be quantified.

(2)P To achieve this, all measurements made in a testing laboratory shall be traceable
back to national or international standards of measurement.

3.2 Requirements

3.2.1 Measuring instruments

(1)P All instruments used for the tests shall be calibrated, and records of calibration and
re-calibration shall be maintained.

(2)P Each instrument used to calibrate or check the instruments shall be within its re-
calibration interval.

(3)P Instruments used in connection with tests shall be subjected to frequent calibration
checks and stability checks.

(4)P Electronic instruments shall be checked under the same conditions (electrical
conditions, signal conditioning and logging equipment) that are used for testing.

(5)P Calibration shall be traceable to standards, where applicable, or the laboratory shall
show other satisfactory evidence of calibration and accuracy of test results.

(6)P All measurements made in the course of the tests shall be within the limits of
calibration of the instruments.

(7)P Standards and devices for in-house calibration of working instruments shall have
valid certificates of calibration and shall be properly maintained and stored.

3.2.2 Test apparatus

(1)P Significant measurements (e.g. linear dimensions; masses) of each item of test
apparatus shall be verified, and shall lie within the specified working tolerances.

(2)P Calibrations, measurements and checks required for particular test procedures shall
be properly carried out and recorded.

(3)P Records of calibrations, measurements and checks shall be properly maintained by
laboratory.
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3.2.3 Malfunction of equipment

(1)P Any detected malfunction or change in calibration of test equipment shall be notified
immediately to the recipients of test results, and all data produced since the preceding
calibration or check shall be re-evaluated.

(2)P The item shall be re-calibrated before further use.

3.2.4 Environment

(1)P  The relevant laboratory environmental conditions at the time of calibration shall be
recorded.
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4 PREPARATION OF SOIL SPECIMENS FOR TESTING

4.1 Objective

(1) The objective in the preparation of soil for laboratory tests is to provide test pecimens
that are as representative as possible of the soil from which the samples are taken.

(2) For the purposes of preparation, test specimens fall into four categories, disturbed
specimens, undisturbed specimens, re-compacted or remoulded specimens and re-cons-
tituted specimens

4.2 Requirements
4.2.1 Quantity of soil

(1)P The soil specimen used for testing shall be sufficiently large to take account of:
- the largest size of particle present in significant quantity,
- the natural features such as structure and soil fabric.

(2)P Undisturbed samples shall be prepared under conditions of a high relative humidity.
If preparation is interrupted, the specimen shall be protected from drying out.

(3) Minimum masses of disturbed soil for classification tests and tests on re-compacted
specimens are given in Annex A6. Masses of soil required for preparation of undisturbed
specimens for strength and compressibility tests are also given in Annex A6.

4.2.2 Handling and processing

(1)P All samples shall be clearly and unambiguously labelled.

(2)P Soil samples shall be protected at all times against damage and deterioration, and
excessive changes in temperature. The samples shall be protected from frost when
stocked on site. Special care shall be taken with undisturbed samples to prevent
distortion and loss of water during preparation of test specimens. The material from the
sampling containers shall not react with the contained soil.

(3)P Soil shall not be allowed to dry before testing unless otherwise specified.

(4)P When disaggregation processes are aplied, breaking down of individual particles
shall be avoided. If special treatment of bonded and cemented soils is required, this shall
be specified.

(5)P Subdivision methods shall ensure that representative portions are obtained, avoiding
segregation of large particles.
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5 TESTS FOR CLASSIFICATION, IDENTIFICATION AND DESCRIPTION OF
SOILS

5.1 General

(1) Until now there is no international or European standard for soil identification and
description which can be referred to in this prestandard. National standards need to be
used until a European standard on soil classification has been introduced.

(2) This prestandard deals with the following tests for identification and classification:

— water content,

—  bulk density,

— particle density,

—  particle size analysis,

— atterberg limits,

— density index test for granular soils,
—~ soil dispersibility,

— frost susceptibility.

(3) Annex A.5 provides more details on each classification test and its interpretation, and
a guideline for the minimum number of samples and tests in one stratum.

5.2 Requirements for all classification tests

(1) The results of soil classification tests should be, as far as possible, presented together
with the soil profile on a plot summarising the soil description and all classification results.

(2) If possible, the location of other laboratory tests (such as oedometer and triaxial tests)
can be indicated on the same figure.

(3) For all classification tests, special caution should be exercised with the choice of the
temperature for oven-drying, as too high temperatures can have detrimental effects on
the quantity measured.

5.3 Water content

5.3.1 Objective

(1) The objective of the test is to determine the water content of a soil material.

5.3.2 Requirements

(1) The test specimens should be of at least Quality Class 3.
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(2) If a sample contains only one type of soil, at least one test per sample should be used
to determine the water content.

5.3.3 Evaluation of test results

(1)P The extent to which the water content measured in the laboratory on the soil ‘as
received’ is representative of the ‘in situ’ value shall be checked. Effects such as
sampling method, transport and handling, specimen preparation method and laboratory
environment, need to be taken into account in this assessment.

(2)P The presence of significant amounts of halloysite, montmorillonite, or gypsum
minerals, highly organic soils, materials in which the pore water contains dissolved solids
and soils with closed pores filled with water, shall be reported.

(3) For the soils meant in 5.3.3 (2), a drying temperature of approximately 50°C may be

more appropriate than the usually prescribed (105 + 5) °C, but the results obtained should
be considered with caution.

5.4 Bulk density

5.4.1 Objective

(1) The test is used to determine the bulk mass density of a soil. The bulk density is also
used, in conjunction with the water content, to compute the density of dry soil.

5.4.2 Requirements

(1) The test specimens should be at least of Quality Class 2.

(2)P The test method to be used shall be specified.

5.4.3 Evaluation of test results

(1)P The densities shall be interpreted taking into consideration depth of the groundwater
level, particle size distribution, mineralogy, maximum grain diameter of the sample and
sample disturbance.

(2) Except in the case of special sampling methods such as freezing, the determined
density of a coarse soil under the groundwater table is generally only very approximate.
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5.5 Particle density

5.5.1 Objective

(1) The particle density is the mass of the particles divided by their volume. The particle
density is necessary for the precise determination of a large number of geotechnical
parameters.

5.5.2 Requirements

(1) The test should preferably be carried out according to the pycnometer method.
However, other procedures are possible, such as the density bottle method or the gas jar
method.

5.5.3 Evaluation of test resuits

(1)P If for a particular stratum the measured values do not fall within the normally
expected range of 2500 to 2800 kg/m?®, the mineralogy of the soil, its organic matter and
its geological origin shall be checked.

5.6 Particle size analysis
5.6.1 Obijective

(1) Two methods, depending on the size of the particles, are used for the determination

of particle size analysis:

- sieve method for particles > 63 um (or closest sieve available),

— sedimentation method using a hydrometer, or pipette, for particles < 63 um (or
closest sieve available).

5.6.2 Requirements

(1) Procedures for the removal of organics and carbonates prior to sieving and
sedimentation or for corrections to account for the presence of carbonates and organic
material should be used, if appropriate carbonates and organic matter can have a
cementing or coagulating effect and influence the particle size distribution.

(2) Account should be taken that for some soils, f.i. chalky soils, treatment for carbonate
removal is unsuitable.

(3) For low organic contents, caution should be exercised when removing organics.

(4) Prior to sedimentation, the specimen should not be dried. If drying is needed it should
be dried at a temperature lower than 105°C.

Documents

Document Sharing Hub

Full document details: DD ENV 1997-2:2000


http://www.avadocuments.com/doc/dd-env-1997-2-2000
http://www.avadocuments.com/doc/dd-env-1997-2-2000

Page 26
ENV 1997-2:1999

5.6.3 Evaluation of test results

(1)P The report shall mention the following:

— ground water position corresponding to the specimens tested,

— drying method used,

- whether organics and carbonates have been removed and by which method,

- carbonate and/or organic content if relevant,

- whether the mass fractions are reported with respect to the total weight (including
carbonate and organic matter).

5.7 Consistency limits

5.7.1 Objective

(1) The consistency limits comprise the liquid limit, plastic limit and shrinkage limit. The
determination of the liquid limit and the plastic limit are covered only.

(2) The consistency limits are used to characterise the behaviour of clays and silty soils

when the water content is changing. Classification of clays and silty soils is mainly based
on the consistency limits.

5.7.2 Requirements

(1) The specimens tested should at least be of Quality Class 4.

(2)P For the liquid limit, the testing method to use (fall cone or Casagrande apparatus)
shall be specified.

(3) In general, the fall cone method is preferred to the Casagrande method. Especially
for low plasticity soils, the fall cone method gives more reliable results.

5.8 Density index test for granular soils

5.8.1 Objective

(1) The density index relates void ratio or dry density of a soil sample to reference values
determined by standard laboratory procedures. The density index is used to characterise
the shear strength and the compressibility of cohesionless soil under static and dynamic
loading by relating the in situ void ratio to limiting dry densities, called the maximum and
minimum dry densities. The density index test gives an indication of the state of
compaction of a free draining granular soil.
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5.8.2 Requirements

(1)P The following shall be specified or checked:

— quantity and quality of samples,

— type of testing procedure to be applied,

— method of preparation of each test specimen,
— testing procedure to be applied.

(2) The material used should contain less than 10% fines (particles passing the 63 pm
sieve) and less than 10% of gravel (particles retained on the 6,3 mm sieve).

(3)P Density index test results shall be reported together with the available particle size
analysis results, natural water content, density of solid particles, and percentage of
oversize fraction (the latter if applicable). Any deviation with respect to

5.8.2 (2) shall be reported.

5.8.3 Evaluation of test results

(1) Values of maximum and minimum densities obtained in the laboratory do not
necessarily represent limiting densities. It is also generally recognised that these methods
give densities with a high degree of variability.

(2) The lower values of density index are usually considered for further decisions.

5.9 Soil dispersibility

5.9.1 Objective

(1) The objective of the tests is to identify the dispersive characteristics of clayey soils.
Standard tests for classifying soils for engineering purposes do not identify the dispersive
characteristics of a soil. Tests for dispersibility are carried out on clayey soils primarily in
connection with earth embankments and other geotechnical structures in contact with
water.

(2) Four test types are considered:

- the pinhole test: this test models the action of water flowing along a crack,

- the double hydrometer test: this test compares the dispersion of clay particles in
plain water without mechanical stirring with that obtained using a dispersant solution
and mechanical stirring,

-~ the crumb test: this test shows the behaviour of crumbs of soil placed in a dilute
solution of sodium hydroxide,

— the determination of soluble salts in the pore water: this test allows the
correlation of percent sodium to the total dissolved salts in saturation extract.
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5.9.2 Requirements

(1)P The following shall be specified:

— storage of samples such that the samples are not allowed to dry before testing,
— the testing procedures to be applied,

- the specimen preparation method.

(2)P The results from the dispersibility tests shall be linked to the grain size distribution
and consistency limits of the sample.

(3) For the pinhole test, the compaction conditions of the soil specimens, e.g. wet or dry
of optimum, and the mixing water (e.g. distilled versus reservoir water) should be
specified.

(4) For the double hydrometer test, a third hydrometer test may be specified if it appears
necessary to study the effect of reservoir water on the soil in suspension.

(5) For the crumb test, the use of distilled water may be requested in addition to the
sodium hydroxide solution.

5.10 Frost susceptibility

5.10.1 Objective

(1) The frost susceptibility of soil materials plays an essential role in the design of
foundations placed above the freezing front in frost susceptible soils. Roads, airport
runways, railways, buildings on spread foundations, buried pipelines, dams and other
structures may be subject to frost heave due to freezing of a frost-susceptible soil having
access to water. Frost-susceptible soils may be used in their natural state or as a
constructed base for structures.

(2) The risk of frost heaving may be estimated from correlation with soil classification
properties (particle size, height of capillary rise and/or fines content) or from laboratory
tests on natural or reconstituted samples.

5.10.2 Requirements

(1) If the estimation of frost susceptibility based on classification properties of the soil
does not clearly indicate the absence of risk of frost heaving, frost heaving test in the
laboratory should be run. Examples of soil types indicating the need of laboratory tests in
addition to correlations to classification properties include organic soils, peat, saline soils,
artificial soils and coarse soils with a wide range of grain size.

(2) To determine the frost susceptibility of a soil in its natural state, natural samples

should be tested. To estimate the frost susceptibility of a constructed fill, frost heave tests
should be run on reconstituted specimens.
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(3) The frost susceptibility test in the laboratory is a frost heave test. If the risk of thaw
weakening is to be tested, a California Bearing Ratio test should be carried out after
thawing of the specimen. The reconstituted specimen should be subjected to one or more
freeze-thaw cycles before testing.

5.11 Evaluation of test results

(1) The results should be interpreted as a function of the type of construction work, the
rules used in design and the available comparable experience, considering the
consequence of the frost effects.
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6 CHEMICAL TESTING OF SOILS AND GROUNDWATER

6.1 Requirements for all chemical tests

6.1.1 Scope

(1) Although the detailed chemical composition of soil is of little interest for civil
engineering purposes, the presence of certain chemical constituents in soil may be very
significant.

(2) Routine chemical testing in a soil laboratory is usually limited to organic content (loss
on ignition, total organic content, organic matter), carbonate content, sulphate content, pH
value (acidity or alkalinity) and chloride content. The standard deals with these five
chemical test only.

(3) Annex A6 provides more detail on each chemical test and its interpretation, and some
guidelines.

6.1.2 Objective

(1) The purpose of the chemical tests described herein is to classify the soil and to
assess the detrimental effect of the soil and groundwater on concrete, steel and the soil
itself. The tests are not intended for more environmentally related purposes.

6.1.3 Requirements
(1)P The following aspects shall be specified for all tests:

— samples which are to be tested,

— number of samples to be tested,

— test procedures to be applied,

— pre-treatments including treatment of oversize particles (i.e. > 2 mm),

— number of tests per stratum and number of duplicate tests,

— number of separate tests for the determination of a mean value,

— format of reporting,

— required supplementary classification tests for each test or series of tests.

(2) Disturbed soil samples may be used for the chemical tests, but particle size and water
content need to be representative of the field conditions (Quality Class 1 to 3)

(3) For the determination of organic content, the particle size only needs to be
representative (Quality Class 4).

(3)P Test specimen shall be representative of the original sample and field conditions.

(4)P The proper procedures of mixing, riffling and quartering shall be strictly followed in
order to avoid inconsistent results.
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6.1.4 Evaluation of test results

(1)P The test results shall be reviewed together with the geological description and the
prevailing environment.

(2)P Where appropriate, account shall be taken of recognised classifications in terms of
the parameter measured.

6.2 Organic content

6.2.1 Objective

(1) The organic content test is used to classify the soil. The organic content is determined
from the loss on ignition (often denoted LOI), which is determined by ignition of a
prepared specimen at a controlled temperature. Other suitable tests may also be used.
For example, organic content may be determined from the mass loss on treatment with
hydrogen peroxide (H.0,), which provides a more specific measure of organics.

(2) The presence of organic content can have undesirable effects on the engineering
behaviour of soils. For example, the bearing capacity is reduced, the compressibility is
increased, swelling and shrinkage potential is increased due to organic content. Gas may
lead to large immediate settlements, affect the consolidation coefficients derived from
laboratory tests and give misleading shear strength in total stress tests. Organic matter is
detrimental in soils used for stabilisation for roads and is usually associated with low pH
and at times with presence of sulphates which may give detrimental effects on
foundations.

6.2.2 Requirements

(1)P The following shall be specified for each test or series of tests, in addition to items
listed in 8.1.3:

— the drying temperature,
— the ignition temperature,
— the required corrections for bound water, carbonates, etc.

(2) Non-homogeneous samples require larger specimens and the appropriate apparatus.
Correspondingly larger crucibles should be used.

(3)P The LOI shall be reported as a percentage of original dry matter, giving also drying
temperature, ignition temperature and drying and ignition times.
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