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Foreword

This document (EN 1997-2:2005) has been prepared by Technical Committee
CEN/TC 250 “Structural Eurocodes’, the secretariat of whichis held by BSI.
CEN/TC 250 is responsible for all Structural Eurocodes.

This European Standard shall be given the status of a national standard, either by
publication of an identical text, or by endorsement, at the latest by [month] 2006 and
conflicting national standards shall be withdrawn by April 2010.

This document supersedes ENV 1997-2:1999 and ENV 1997-3:1999.

This document is currently submitted to the formal vote

Background of the Eurocode programme

In 1975, the Commission of the European Community decided on an action
programme in the field of construction, based on article 95 of the Treaty. The
objective of the programme was the elimination of technical obstacles to trade and the
harmonization of technical specifications.

Within this action programme, the Commission took the initiative to establish a set of
harmonised technical rules for the design of construction works, which, in afirst
stage, would serve as an aternative to the national rulesin force in the Member States
and, ultimately, would replace them.

For fifteen years, the Commission, with the help of a Steering Committee with
representatives of Member States, conducted the development of the Eurocodes
programme, which led to the first generation of European codes in the 1980s.

In 1989, the Commission and the Member States of the EU and EFTA decided, on the
basis of an agreement’ between the Commission and CEN, to transfer the preparation
and the publication of the Eurocodes to CEN through a series of Mandates, in order to
provide them with a future status of European Standard (EN). This links de facto the
Eurocodes with the provisions of al the Council’ s Directives and/or Commission’s
Decisions dealing with European standards (e.g. the Council Directive 89/106/EEC on
construction products - CPD - and Council Directives 93/37/EEC, 92/50/EEC and
89/440/EEC on public works and services and equivalent EFTA Directivesinitiated in
pursuit of setting up the internal market).

The Structural Eurocode programme comprises the following standards generally
consisting of a number of Parts:

EN 1990 Eurocode : Basis of Structura Design
EN 1991 Eurocode 1: Actions on structures
EN 1992 Eurocode 2: Design of concrete structures

1 Agreement between the Commission of the European Communities and the European Committee for Standardization (CEN)
concerning the work on EUROCODES for the design of building and civil engineering works (BC/CEN/03/89).
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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

EN 1999 Eurocode 9: Design of aluminium structures

Eurocode standards recognise the responsibility of regulatory authorities in each
Member State and have safeguarded their right to determine values related to
regulatory safety matters at national level where these continue to vary from State to
State.

Statusand field of application of Eurocodes

The Member States of the EU and EFTA recognise that Eurocodes serve as reference

documents for the following purposes:

— asameansto prove compliance of building and civil engineering works with the
essential requirements of Council Directive 89/106/EEC, particularly Essential
Requirement N°1 — Mechanical resistance and stability — and Essential
Requirement N°2 — Safety in case of fire;

— asabasisfor specifying contracts for construction works and related engineering
services,

— asaframework for drawing up harmonised technical specifications for
construction products (ENs and ETAS).

The Eurocodes, as far as they concern the construction works themselves, have a
direct relationship with the Interpretative Documents?® referred to in Article 12 of the
CPD, athough they are of adifferent nature from harmonised product standards’.
Therefore, technica aspects arising from the Eurocodes work need to be adequately
considered by CEN Technical Committees and/or EOTA Working Groups working
on product standards with a view to achieving full compatibility of these technical
gpecifications with the Eurocodes.

The Eurocode standards provide common structura design rules for everyday use for
the design of whole structures and component products of both a traditional and an
innovative nature. Unusual forms of construction or design conditions are not
specifically covered and additional expert consideration will be required by the
designer in such cases.

2 According to Art. 3.3 of the CPD, the essentia requirements (ERS) shall be given concrete formin interpretati ve documents for
the creation of the necessary links between the essential requirements and the mandates for harmoni sed ENs and
ETAGYETAs

3 According to Art. 12 of the CPD theinterpretative documents shall :

a) give concrete formto the essentia requirements by harmonising the terminology and the technica bases and indicating classes or
levels for each requirement where necessary ;

b)  indicate methods of correlating these classes or levels of requirement with the technical specifications, e.g. methods of calculation and
of proof, technical rulesfor project design, etc. ;

c) serveasareference for the establishment of harmonised standards and guidelines for European technical approvals.

The Eurocodes, de facto, play asmilar rolein the field of the ER 1 and a part of ER 2.
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National Standardsimplementing Eurocodes

The National Standards implementing Eurocodeswill comprise the full text of the
Eurocode (including any annexes), as published by CEN, which may be preceded by a
National title page and National foreword, and may be followed by a National annex.

The National annex may only contain information on those parameters, which are left

open in the Eurocode for national choice, known as Nationally Determined

Parameters, to be used for the design of buildings and civil engineering worksto be

constructed in the country concerned, i.e.:

— values and/or classes where alternatives are given in the Eurocode;

— valuesto be used where a symbol only is given in the Eurocode;

— country specific data (geographical, climatic), e.g. snow map;

— the procedure to be used where aternative procedures are given in the Eurocode.

It may also contain:

— decisions on the application of informative annexes,

— references to non-contradictory complementary information to assist the user to
apply the Eurocode.

Links between Eurocodesand harmonised technical specifications (ENs and
ETAS) for products

Thereis a need for consistency between the harmonised technical specifications for
construction products and the technical rules for works®. Furthermore, al the
information accompanying the CE Marking of the construction products, which refer
to Eurocodes should clearly mention which Nationally Determined Parameters have
been taken into account.

Additional information specific to Eurocode 7

EN 1997-2 gives guidance for the planning and interpretation of geotechnical
laboratory and field teststhat are used for the support of geotechnical design of
buildings and civil engineering works.

EN 1997-2 isintended for clients, designers, geotechnical laboratories, field testing
laboratories and public authorities.

EN 1997-2 isintended to be used with EN 1997-1.

When using EN 1997-2, particular regard should be paid to the underlying
assumptions and conditions given in 1.3.

The six sections of EN 1997-2 are complemented by 24 informative annexes.

4 See Art.3.3 and Art.12 of the CPD, aswell as4.2, 4.3.1,4.3.2and 5.2 of ID 1.



prEN 1997-2:2006 (E)

National annex for EN 1997-2

The national standard implementing EN 1997-2 should have a national annex
containing all information concerning the application of EN 1997-2 in the relevant
country.
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1 Geneal

1.1 Scope

1.1.1 Scopeof Eurocode 7

(1) EN 1997 isintended to be used in conjunction with EN 1990:2002, which
establishes the principles and requirements for safety and serviceability, describes the
basis of design and verification and gives guidelines for related aspects of structural
reliability.

(2) EN 1997 isintended to be applied to the geotechnical aspects of the design of
buildings and civil engineering works. It is subdivided into various separate parts (see
1.1.2).

(3) EN 1997 is concerned with the requirements for strength, stability, serviceability
and durability of structures. Other requirements, e.g. concerning therma or sound
insulation, are not considered.

(4) Numerical values of actions on buildings and civil engineering works to be taken
into account in design are provided in EN 1991 for the various types of construction.
Actions imposed by the ground, such as earth pressures, shall be calculated according
to the rules of EN 1997.

(5) Separate European Standards are intended to be used to treat matters of execution
and workmanship. They are denoted in the relevant sections.

(6) In EN 1997 execution is covered to the extent that is necessary to conform to the
assumptions of the design rules.

(7) EN 1997 does not cover the special requirements of seismic design. EN 1998
provides additional rules for geotechnical seismic design, which complete or adapt the
rules of this standard.

1.1.2 Scopeof EN 1997-2

(1) EN 1997-2 is intended to be used in conjunction with EN 1997-1 and provides
rules supplementary to EN 1997-1 related to:

— planning and reporting of ground investigations;

— general requirements for a number of commonly used laboratory and field tests;
— interpretation and evaluation of test results;

— derivation of values of geotechnical parameters and coefficients.

10
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In addition, examples of the application of field test results to design are given.
NOTE Establishment of characteristic valuesis covered in EN 1997-1.

(2) This document gives no specific provisions for environmental ground
investigations.

(3) Only commonly used geotechnical laboratory and field tests are covered in this
gandard. 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. The laboratory tests on soils are mainly
applicable to saturated soils.

NOTE It isexpected that updates of the present standard will gradually include
laboratory and field tests covering additional aspects of soil and rock behaviour.

(4) The provisions of this standard apply primarily to projects of geotechnical
category 2, asdefined in 2.1 of EN 1997-1:2004. The ground investigation
requirements for category 1 projects are normally limited as the verifications often
will be based on locd experience. For geotechnical category 3 projects, the amount of
investigations required will normaly be at least the same as indicated for geotechnical
category 2 projects in the following sections. Additional investigations and more
advanced tests, related to the circumstances that place a project in geotechnical
category 3, may be necessary.

(5) The derivation of parameter values is dedicated primarily to the design of pile and
spread foundations based on field testing, as detailed in Annexes D, E, F and G of
EN 1997-1:2004.

1.2 Normative references

(1) The following normative documents contain provisions which, through reference
in this text, constitute provisions of this European Standard. For dated references,
subsequent amendments to, or revisions of, any of these publications do not apply.
However, parties to agreements based on this European Standard are encouraged to
investigate the possibility of applying the most recent editions of the normative
documents indicated below. For undated references, the last edition of the normative
document referred to gpplies.

EN 1990:2002 Eurocode — Basis of structural design

EN 1997-1:2004 Eurocode 7 — Geotechnical design — Part 1. General rules

EN 1SO 14688-1 Geotechnical investigation and testing — dentification and
classification of soil - Part 1: Identification and description

EN 1SO 14688-2 Geotechnical investigation and testing — I dentification and
classification of soil - Part 2: Classification principles

EN 1SO 14689-1 Geotechnical investigation and testing —Identification and
classification of rock - Part 1: Identification and description

11
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EN 1SO 22475-1Y

EN 1SO 22476-1"
EN SO 22476-2
EN 1SO 22476-3
EN SO 22476-41)
EN 1SO 22476-5"
EN 1SO 22476-6"
EN 1SO 22476-8"
EN 1SO 22476-9"
EN 1SO 22476-12"

EN 1SO 22476-13"

Geotechnical investigation and testing — Sampling by drilling
and excavation and groundwater measurements — Part 1.
Technical principles of execution

Geotechnical investigation and testing — Field testing —
Part 1: Electrical CPT and CPTU

Geotechnical investigation and testing — Field testing —
Part 2: Dynamic probing

Geotechnical investigation and testing —Field testing —
Part 3: Standard penetration test

Geotechnical investigation and testing — Field testing —
Part 4. Ménard pressuremeter test

Geotechnical investigation and testing — Field testing —
Part 5: Flexible dilatometer test

Geotechnical investigation and testing — Field testing —
Part 6: Self boring pressuremeter test

Geotechnical investigation and testing — Field testing —
Part 8: Full displacement pressuremeter test
Geotechnical investigation and testing — Field testing —
Part 9: Field vane test

Geotechnical investigation and testing — Field testing —
Part 12: Mechanical CPT

Geotechnical investigation and testing — Field testing —
Part 13: Plateloading test

NOTE The Bibliography presents a number of CEN 1SO Technical Specifications
(CEN ISO/TS), giving information on procedures, equipment, evaluation and
presentation for some field and laboratory tests. These technical specifications may
become European/ISO standards in due time. The National Standards Body may
decide to keep its national standard in force during the lifetime of a CEN ISO/TS.
National Annexesto EN 1997-2 may give information regarding national practise

involved.

1.3 Assumptions

(1) Referenceis madeto - EN 1990:2002, 1.3 and EN 1997-1:2004, 1.3.

(2) The provisions of this standard are based on the assumptions given below:

— datarequired for design are collected, recorded and interpreted by appropriately
qualified personnel;

— structures are designed by appropriately qualified and experienced personnel;

— adequate continuity and communication exist between the personnel involved in
data-collection, design and congtruction;

Y To be published.
1) to be published
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1.4 Distinction between Principlesand Application Rules

(1) Depending on the character of the individual clauses, digtinction ismade in
EN 1997-2 between Principles and Applicaion Rules.

(2) The Principles comprise:

— genera statements and definitions for which there is no alternative;

— requirements and analytica models for which no aternative is permitted unless
specifically stated.

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

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

(5) It ispermissible to use alternatives to the Application Rules given in this standard,
provided it is shown that the alternative rules accord with the relevant Principles and
are at least equivalent with regard to the structura safety, serviceability and
durability, which would be expected when using the Eurocodes.

NOTE If an alternative design rule is submitted for an application rule, the resulting
design cannot be claimed to be wholly in accordance with EN 1997-2, although the
design will remain in accordance with the Principles of EN 1997-1. When EN 1997-2
is used in respect of a property listed in an Annex Z of aproduct standard or an
ETAG, the use of an aternative design rule may not be acceptable for CE marking.

(6) In EN 1997-2, the Application Rules are identified by a number in brackets e.g. as
inthis clause.

15 Definitions

15.1 Termscommon to all Eurocodes

()P The terms used in common for all Eurocodes are defined in EN 1990.

15.2 Termscommon to Eurocode 7

(1P The terms specific to EN 1997 are defined in 1.5.2 of EN 1997-1:2004.

13
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1.5.3 Specific definitionsused in EN 1997-2

1531

derived value

value of a geotechnical parameter obtained from test results by theory, correlation or
empiricism (see 1.6)

1532

disturbed sample

sample where the soil structure, water content and/or constituents have been changed
during sampling

1533
measured value
value that is measured in atest

1534
natural specimen
specimen made from the available (disturbed, undisturbed, remoulded) sample

1535
quality class
classification by which the quality of a soil sample is assessed in the laboratory

NOTE For laboratory testing purposes, soil samples are classified in five quality
classes (see 3.4.1).

15.3.6
remoulded sample
sample of which the soil or rock structure is fully disturbed

1537
remoulded specimen
fully disturbed specimen, at natural water content

15.3.8
re-compacted specimen
gpecimen forced into a mould with arammer or under desired static stress state

15.39

reconstituted specimen

specimen prepared in the laboratory; for fine-grained soils, it is prepared asa slurry
(at or above the liquid limit) and then consolidated (sedimented); for coarse soils, it is
either poured or pluviated in dry (dried) or wet conditions and compacted, or
consolidated

1.5.3.10
re-consolidated specimen

14
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specimen compressed inamould or cell under static pressure while allowing drainage
to take place

15311
sample
portion of soil or rock recovered from the ground by sampling techniques

15.3.12
specimen
part of a soil or rock sample used for alaboratory test

1.5.3.13

srength index test

test of rather rudimentary nature that yields an indication of the shear strength,
without necessarily giving a representative value

NOTE Theresaults of such atest is subject to considerable uncertainty.

15.3.14

swelling

expansion due to reduction of effective stress resulting from ether reduction of total
stress or absorption of water at constant total stress

NOTE Swelling includes the reverse of both compression and consolidation.

1.5.3.15

undisturbed sample

sample where no change in the soil characteristics of practical significance has
occurred

1.6 Test results and derived values

(1) Test results and derived values form the basis for the selection of characteristic
values of ground propertiesto be used for the design of geotechnical structures, in
accordance with 2.4.3 of EN 1997-1:2004.

NOTE 1 The process of geotechnical design consists of afew successive phases (see
Figure 1.1), the first of which covers the site investigation and testing, whereas the
next one is devoted to the determination of characteristic values, and the last phase
covers the design verification calculations. Rules for the first phase are givenin the
present standard. The determination of characteristic values and the design of the
gructures are covered by EN 1997-1.

15
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Type of test
F=field L= laboratory ’ F1 F2 L1 L2 ‘
Correlations
Information
from other
Test results and ’ 1 2 3 4 ‘ sources on
derived values the dte, the
soilsand
_EN1997-2 __\_d__ rocks and
EN 1997 1 the project

Cautious selection

Geotechnical model and characteristic
values of geotechnical properties

Application of
partial factors

Design values of geotechnical
properties

Figure1.1 — General framework for the selection of derived values of
geotechnical properties

(2) Test results can be experimental curves or values of geotechnical parameters. In
Annex A, alist of test resultsis given to serve as a reference to test standards’.

(3) Derived values of geotechnical parameters and/or coefficients, are obtained from
test results by theory, correlation or empiricism.

NOTE 2 The examples of correlations used to determine derived values given in the
annexes to Section 4 of this standard are obtained from the literature. These
correlations may correlate the value of a geotechnical parameter or coefficient with a
test result, such asthe g.-vaue of a CPT. They may also connect a geotechnical
parameter to atest result by means of theoretical considerations (for example, when
deriving a value of the angle of shearing resistance ¢/ from pressuremeter test results
or from the index of plasticity).

NOTE 3 In certain cases, the derivation of geotechnical parameters by means of a
correlation is not made before the determination of the characteristic value, but after
the test results have been corrected or transformed into conservative estimates.

1.7 Thelink between EN 1997-1 and EN 1997-2

(1) Figure 1.2 presents the generd architecture of the CEN standardsrelated to
geotechnical engineering problems and those directly linked to EN 1997. The design part
iscovered by EN 1997-1. The present gandard givesrules for ground investigations and
obtaining geotechnical parameters or coefficients valuesto be used for determining the

5 Geotechnical test standards, yielding these results are prepared by CEN/TC341.

16
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characterigtic values (as specified in EN 1997-1). It gives also informative examples of
calculation methods for spread and deep foundations. The implementation of EN 1997
needs information based on other standards, in particular those related to ground
investigations and to the execution of geotechnica works.

EN 1997-1

Design rules
- General framework for geotechnical design
- Definition of ground parameters
- Characteristic and design values
- General rulesfor siteinvestigation
- Rulesfor the design of main types of geotechnical structures
- Some assumptions on execution procedures

EN 1997-2

Geotechnical investigation and testing
- Detailed rulesfor site investigations
- General test specifications
- Derivation of ground properties and geotechnical model of the site
- Examplesof calculation methods based on field and | aboratory tests

Test standards (CEN/TC 341)

Standards for
- Drilling and sampling methods and groundwater measurements
- Laboratory and field tests on soils and rocks
- Testson structures or parts of structures
- Identification and classification of soils and rocks

Execution of geotechnical works (CEN/TC 288)

Execution standards
- gpecific design rules (informative annexes)
- specific test procedures

Figure1.2 — General architecture of the CEN standardslinked with EN 1997

1.8 Symbols

(1) For the purpose of EN 1997-2 the following symbols apply.
NOTE The notation of the symbolsused isbased on 1SO 3898:1997.
Latin letters

Cc compression index

Cor modified compression index
c
Crv undrained shear strength from the field vane test
Cu undrained shear strength

Cv coefficient of consolidation

cohesion intercept in terms of effective stress

17
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Co. coefficient of secondary compresson

Dn particle size such that n % of the particles by weight are smaller than that size
€.g. D1o, D1s, D3o, Deo and Dgs

E Young' s modulus

E’ drained (long term) Young's modulus of elagticity

Eror  flexible dilatometer modulus

Em Ménard pressuremeter modulus

Emess measured energy during calibration

Ecwead  Oedometer modulus

Ep.r  modulus from plate loading test

E energy ratio (= Emeas/ Etheor )

Eweor theoretical energy

Eu undrained Y oung's modulus of dasticity

Eo initial Y oung's modulus of dasticity

Eso  Young's modulus of elasticity corresponding to 50 % of the maximum shear
strength

Ia activity index

lc consistency index

Ip density index

lomt material index from the flat dilatometer test

Kouwr horizontal stressindex from the flat dilatometer test

I liquidity index

Ip plasticity index

Ks coefficient of sub-grade reaction

m, coefficient of compressibility

N number of blows per 30 cm penetration from the SPT

Nk cone factor in Equation (4.1) based on local experience

Nkt  conefactor in Equation (4.2) based on local experience

Nio.  number of blows per 10 cm penetration from the DPL

Niov number of blows per 10 cm penetration from the DPM

Nigw  number of blows per 10 cm penetration from the DPH

Niogsa number of blows per 10 cm penetration from the DPSH-A

Nigss number of blows per 10 cm penetration from the DPSH-B

18
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Naosa  Number of blows per 20 cm penetration from the DPSH-A

Nzoss nNumber of blows per 20 cm penetration from the DPSH-B

Neo  number of blows from the SPT corrected to energy losses

(N1)so number of blows from the SPT corrected to energy losses and normalized for
effective vertical overburden stress

pim  Ménard limit pressure

Oc cone penetration res stance

Ot cone penetration res stance corrected for pore water pressure effects

Qu unconfined compressive strength

Wopt  Optimum water content

Greek letters

o correlation factor in Equation (4.3) depending on local experience

s} correlation factor in Equation (4.4)

oc unconfined compression strength of rock

op  effective pre-consolidation pressure

or tensile strength of rock

oo  total vertical stress

o\  effective vertical stress

Q angle of shearing resistance

¢ angle of shearing resistance in terms of effective stress

Pamax  Maximum dry density

1% Poisson’sratio

Abbreviations

CPT
CPTU
DMT
DP
DPL
DPM
DPH

cone penetration test

cone penetration test with pore water pressure measurement
flat dilatometer test

dynamic probing

dynamic probing light

dynamic probing medium

dynamic probing heavy
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DPSH-A
DPSH-B
FDP
FDT
FVT
MPM
PBP
PLT
PMT
RDT
SBP
SDT
SPT
WST

dynamic probing superheavy, type A
dynamic probing superheavy, type B
full displacement pressuremeter
flexible dilatometer test

field vane test

Ménard pressuremeter

pre-bored pressuremeter

plate loading test

pressuremeter test

rock dilatometer test

self-boring pressuremeter

soil dilatometer test

standard penetration test

weight sounding test

(2) For geotechnical caculations, the following units or their multiples are

recommended:

— force kN

—  moment kNm
- massdensity kg/m®
= weight density kN/m?
— stress, pressure, strength and stiffness kPa

— coefficient of permeability m/s

— coefficient of consolidation m/s

20
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2 Planning of ground investigations

2.1 Objectives

211 General

(1)P Geotechnical investigations shall be planned in such away as to ensure that
relevant geotechnical information and data are available at the various stages of the
project. Geotechnical information shall be adequate to manage identified and
anticipated project risks. For intermediate and final building stages, information and
data shall be provided to cover risks of accidents, delays and damage.

(2) The aims of a geotechnical investigation are to establish the soil, rock and
groundwater conditions, to determine the properties of the soil and rock, and to gather
additional relevant knowledge about the site.

(3)P Careful collection, recording and interpretation of geotechnical information shall
be made. Thisinformation shall include ground conditions, geology, geomorphology,
seismicity and hydrology, as relevant. Indications of the variability of the ground shall
be taken into account.

(4) Ground conditions which may influence the choice of geotechnical category
should be determined as early as possible in the investigation.

NOTE Asaresult of the geotechnical investigations, it may be necessary to change
the geotechnical category of the project (see 1.1.2 (4)).

(5) Geotechnicd investigations should consist of ground investigations, and other

investigations for the site, such as:

— theappraisal of existing constructions, e.g. buildings, bridges, tunnels,
embankments and dopes;

— the history of development on and around the site.

(6) Before designing the investigation programme, the available information and
documents should be evaluated in a desk study.

(7) Examples of information and documents that can be used are:
— topographical maps,

— old city maps describing the previous use of the site;

— geological maps and descriptions;

— engineering geological maps,

— hydrogeological maps and descriptions,

— geotechnical maps;

— aerial photos and previous photo interpretations;

— aero-geophysica investigations;
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— previous investigations at the site and in the surroundings;
— previous experiences from the areg;
— local climatic conditions.

(8) Ground investigations should consist of field investigations, laboratory testing,
additional desk studies and controlling and monitoring, where appropriate.

(9)P Before the investigation programme has been drawn up the site shall be visually
examined and the findings recorded and cross-checked againg the information
gathered by desk studies.

(10) The ground investigation programme should be reviewed as the results become

available so that the initial assumptions can be checked. In particular:

— the number of investigation points should be extended if it is deemed necessary to
obtain an accurate insight into the complexity and the variability of the ground at
the site;

— the parameters abtained should be checked to see that they fit into a consistent
behavioural pattern for soil or rock. If necessary additional testing should be
specified,;

— any limitationsin the data, revealed according to EN 1997-1:2004, 3.4.3 (1)
should be considered.

(11) Specia attention should be paid to sites that have been previously used, where
disturbance of the natural ground conditions may have taken place.

(12)P An appropriate quality assurance system shall be in place in the laboratory, in
the field and in the engineering office, and quality control shall be exercised
competently in all phases of the investigations and their evaluation.

2.1.2 Ground

(1P Ground investigations shall provide a description of ground conditions relevant
to the proposed works and establish a basis for the assessment of the geotechnical
parameters relevant for all construction stages.

(2) The information obtained should enable assessment of the following aspects, if

possible:

— the suitability of the site with respect to the proposed construction and the level of
acceptable risks;

— the deformation of the ground caused by the structure or resulting from
construction works, its spatial distribution and behaviour over time;

— the safety with respect to limit states (e.g. subsidence, ground heave, uplift,
slippage of soil and rock masses, buckling of piles, etc.);

— theloads transmitted to the structure from the ground (e.g. lateral pressureson
piles) and the extent to which they depend on its design and construction;

— the foundation methods (e.g. ground improvement, whether it is possible to
excavate, driveability of piles, drainage);

— the sequence of foundation works,

22



prEN 1997-2:2006 (E)

— the effects of the structure and its use on the surroundings,

— any additional structural measures required (e.g. support of excavation, anchorage,
seeving of bored piles, removal of obstructions);

— theeffects of construction work on the surroundings,

— thetype and extent of ground contamination on, and in the vicinity of, the site;

— the effectiveness of measures taken to contain or remedy contamination.

2.1.3 Condruction materials

(1)P Geotechnical investigations of soil and rock for use as construction materials
shall provide a description of the materialsto be used and shall establish their relevant
parameters.

(2) The information obtained should enable an assessment of the following aspects:

— the suitability for the intended use;

— the extent of deposits;

— whether it is possible to extract and process the materials, and whether and how
unsuitable material can be separated and disposed of;

— the prospective methods to improve soil and rock;

— theworkability of soil and rock during construction and possible changes in their
properties during transport, placement and further treatment;

— theeffects of construction traffic and heavy loads on the ground;

— the prospective methods of dewatering and/or excavation, effects of precipitation,
resistance to weathering, and susceptibility to shrinkage, swelling and
disintegration.

2.1.4 Groundwater

(1P Groundwater investigations shall provide all relevant information on
groundwater needed for geotechnical design and construction.

(2) Groundwater investigations should provide, when appropriate, information on:

— the depth, thickness, extent and permeability of water-bearing strata in the ground,
and joint systems in the rock;

— the elevation of the groundwater surface or piezometric surface of aquifers and
their variation over time and actual groundwater level s including possible extreme
levels and their periods of recurrence;

— the pore water pressure distribution;

— the chemical composition and temperature of groundwater.

(3) Theinformation obtained should be sufficient to assess the following aspects,

where relevant:

— the scope for and nature of groundwater-lowering work;

— possible harmful effects of the groundwater on excavations or on slopes (e.g. risk
of hydraulic failure, excessive seepage pressure or erosion);

— any measures necessary to protect the structure (e.g. waterproofing, drainage and
measures against aggressive water);
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— the effects of groundwater lowering, desiccation, impounding etc. on the
surroundings,

— the capacity of the ground to absorb water injected during construction work;

— whether it is possible to use local groundwater, given its chemical constitution, for
construction purposes.

2.2 Sequence of ground investigations

(1)P The composition and the extent of the ground investigations shall be based on the
anticipated type and design of the construction, e.g. type of foundation, improvement
method or retaining structure, location and depth of the construction;

(2)P Theresults of the desk studies and the site inspection shall be considered when
selecting the investigation methods and locating the various investigation points.
Investigations shall be targeted at points representing the variation in ground
conditions for soil, rock and groundwater.

(3) Ground investigations should normally be performed in phases depending on the

questions raised during planning, design and construction of the actual project. The

following phases are treated separately in Section 2:

— preiminary investigations for postioning and preliminary design of the structure
(see 2.3);

— design investigations (see 2.4);

— controlling and monitoring (see 2.5).

NOTE The provisionsin this document are based on the premise that the results
from investigations recommended in one phase are available before the next phase is
Sarted.

(4) In cases where all investigations are performed at the same time, 2.3 and 2.4
should be considered simultaneously.

NOTE Thedifferent stages of ground investigations, including laboratory and field
work and the process of evaluating soil and rock parameters, can follow the schemes
inB.1and B.2.

2.3 Preliminary investigations

(1) The preliminary investigations should be planned in such away that adequate data

are obtained, if relevant, to:

— assessthe overall gability and general suitability of the site;

— assessthe suitability of the site in comparison with alternative sites;

— assessthe suitable positioning of the structure;

— evaluate the possible effects of the proposed works on surroundings, such as
neighbouring buildings, structures and sites;

— identify borrow areas;

— consider the possible foundation methods and any ground improvements;
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— planthe design and control investigations, including identification of the extent of
ground which may have significant influence on the behaviour of the structure.

(2) A preliminary ground investigation should supply estimates of soil data

concerning, if relevant:

— thetype of soil or rock and their stratification;

— the groundwater table or pore pressure profile;

— the preliminary strength and deformation properties for soil and rock;

— the potential occurrence of contaminated ground or groundwater that might be
hazardous to the durability of construction material.

2.4 Desgn investigations

24.1 Field invegtigations

24.1.1 General

()P In cases where the preliminary investigations do not provide the necessary
information to assess the aspects mentioned in 2.3, complementary investigations
shall be performed during the design investigation phase.

(2) If relevant, field investigations in the design phase should comprise:

— drilling and/or excavations (test pits including shafts and headings) for sampling;
— groundwater measurements;

— field tedts.

(3) Examples of the various types of field investigations are:

— field testing (e.g. CPT, SPT, dynamic probings, WST, pressuremeter tests,
dilatometer tests, plate load tests, field vane tests and permeability tests);

— soil and rock sampling for description of the soil or rock and laboratory tests;

— groundwater measurements to determine the groundwater table or the pore
pressure profile and their fluctuations;

— geophysical investigations (e.g. seismic profiling, ground penetrating radar,
resistivity measurements and down hole logging);

— large scale tests, for example to determine the bearing capacity or the behaviour
directly on prototype elements, such as anchors.

(4) To develop strategies for planning field investigations, Table 2.1 can beused asa
guide to the applicability of the field investigations covered in Sections 3 and 4.

NOTE SeedsoB.2
(5)P Where ground contamination or soil gas is expected, information shall be

gathered from the relevant sources. This information shall be taken into account when
planning the ground investigation.
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Table 2.1 (continued)

é see sections 3 and 4 for nomenclature

b in horizontal and vertical direction

¢ will depend on pressuremeter type

d assuming sample is retained

€ soft rock only

Applicability:

R1 High for rock R2 Medium for rock R3 Low for rock

C1 High for coarse soil ) C2 Medium for coarse soil C3 Low for coarse soil
F1 Highfor finesoil ¥ F2 Medium for finesoil  F3 Low for fine soil

not applicable

" main soil groups “coarse” and “fine” according to EN 1SO 14688-1

NOTE Depending on the ground conditions (such as soil type, groundwater conditions)
and the planned design, the selection of investigation methods will vary and may deviate
from this table.

(6)P If ground contamination or soil gasis detected in the course of ground investigations,
this shall be reported to the client and the responsible authorities.

24.1.2 Fidd investigation programme

(1)

P The field investigation programme shall contain:

aplan with the locations of the investigation points including the types of investigation;
the depth of the investigations;

the types of sample (category, etc.) to be taken including specifications for the number
and depth at which they are to be taken;

specifications on the groundwater measurement;

the types of equipment to be used;

the standards to be applied.

2.4.1.3 Locationsand depthsof theinvestigation points

()P Thelocations of investigation points and the depths of the investigations shall be
selected on the basis of the preliminary investigations as a function of the geological
conditions, the dimensions of the structure and the engineering problems involved.

(2) When selecting the locations of investigation points, the following should be observed:

the investigation points should be arranged in such a pattern that the stratification can
be assessed across the Site;

the investigation points for abuilding or structure should be placed at critical points
relative to the shape, structural behaviour and expected load distribution (e.g. at the
corners of the foundation area);

for linear structures, investigation points should be arranged at adequate offsets to the
centre line, depending on the overall width of the structure, such as an embankment
footprint or acutting;
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— for structures on or near lopes and steps in the terrain (including excavations),
invegtigation points should aso be arranged outside the project area, these being
located so that the stability of the Slope or cut can be assessed. Where anchorages are
installed, due consideration should be given to the likely stressesin their load transfer
Zone;

— theinvestigation points should be arranged so that they do not present a hazard to the
structure, the construction work, or the surroundings (e.g. as aresult of the changes
they may cause to the ground and groundwater conditions);

— theareaconsidered in the design investigations should extend into the neighbouring
areato adistance where no harmful influence on the neighbouring area is expected,;

— for groundwater measuring points, the possibility of using the equipment installed
during the ground investigation for continued monitoring during and after the
construction period should be considered.

(3) Where ground conditions are relatively uniform or the ground is known to have
sufficient strength and stiffness properties, wider spacing or fewer investigation points may
be gpplied. In either case, this choice should bejustified by local experience.

(4)P In cases where more than one type of investigation is planned at a certain location
(e.g. CPT and piston sampling), the investigation points shall be separated by an
appropriate distance.

(5) In the case of a combination of, for example, CPTs and boreholes, the CPTs should be
carried out prior to the boreholes. The minimum spacing should then be such that the
borehole does not or is considered unlikely to encounter the CPT hole. If the drilling is
conducted first, the CPT should be carried out at a horizontal separation of at least 2 m.

(6)P The depth of investigations shall be extended to al strata that will affect the project or
are affected by the construction. For dams, weirs and excavations below groundwater
level, and where dewatering work isinvolved, the depth of investigation shall also be
selected as afunction of the hydrogeological conditions. Slopes and stepsin the terrain
shall be explored to depths below any potential slip surface.

NOTE For the spacing of investigation points and investigation depths, the values given
in B.3 can be used as guidance.

2.4.1.4 Sampling

(2)P The sampling categories (see 3.4.1 and 3.5.1), and the number of samples to be taken
shall be based on:

— theaim of the ground investigation;

— the geology of the site;

— the complexity of the geotechnical structure.

(2)P For identification and classification of the ground, at |east one borehole or trial pit

with sampling shall be available. Samples shall be obtained from every separate ground
layer influencing the behaviour of the structure.
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(3) Sampling may be replaced by field tests if there is enough local experience to correlate
the field tests with the ground conditions to ensure unambiguous interpretation of the
results.

(4) Further details on sampling are given in Section 3.
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2.4.1.5 Groundwater
24.1.6

(2)P Groundwater measurements shall be planned and carried out in accordance with 3.6.

24.2 Laboratory tests

24.2.1 General

(1) Prior to setting up atest 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.

2.4.2.2 Visual ingpection and preiminary ground profile

(1) Samples and trial pits should be inspected visually and compared with field logs of the
drillings so that the preliminary ground profile can be established. For soil samples, the
visual inspection should be supported by ssmple manual tests to identify the soil and to
give afirst impression of its consistency and mechanical behaviour.

(2) If distinct and significant differences in the properties between different portions of one
stratum are found, the preliminary soil profile should be further subdivided.

(3) Where practicable, the quality of the sample should be assessed before laboratory tests
are performed. Quality classes for soil samples are defined in Table 3.1.

24.2.3 Test programme

()P The type of construction, the type of ground and stratigraphy and the geotechnical
parameters needed for design calculations shall be taken into account when setting up the
laboratory test programme.

(2) The laboratory test programme depends in part on whether comparable experience
exigs. The extent and quality of comparable experience for the specific soil or rock should
be established. The results of field observations on neighbouring structures, when
available, should also be used.

(3)P The tests shall be run on specimens representative of the relevant strata. Classification
tests shall be used to check whether the samples and test specimens are representative.

NOTE This can be checked in an iterative way. In afirst step, classification tests and
strength index tests are performed on as many samples as possible, to determine the
variability of the index properties of a stratum. In a second step, an assessment, of how
representative the samples used for the strength and compressibility tests are of the
stratum, can be checked by comparing the results of the classification and strength index
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tests for the samples with all results from the classification and strength index tests for the
Stratum.

(4) The need for more advanced testing or additional site investigation as a function of the
geotechnical aspects of the project, soil type, soil variability and computation model should
be considered.

2.4.2.4 Number of tests

(2)P The necessary number of specimens to be tested shall be established depending on the
homogeneity of the ground, the quality and amount of comparable experience with the
ground and the geotechnical category of the problem.

(2) To dlow for difficult soil, damaged specimens and other factors, additional test
specimens should be made available, whenever possible.

(3) Depending on the test type, a minimum number of specimens should be investigated.

NOTE A recommended minimum number for some test types can be taken from the tables
in Annexes L to W (except Annexes O and T). The annexes can also be used to check
whether the extent of the testing was sufficient.

(4) The minimum number of tests may be reduced if the geotechnical design does not need
to be optimised and uses conservative values of the soil parameters, or if comparable
experience or combination with field information applies.

2.4.25 Clasdfication tests

(1) Soil and rock classification tests should be performed to determine the composition and
index properties of each stratum. The samples for the classification tests should be selected
in such away that the tests are approximately equally distributed over the complete area
and the full depth of the stratarelevant for design. Thus the results should give the range of
index properties of the relevant layers.

(2) The results of the classification tests should be used to check if the extent of the
investigations was sufficient or if a second investigation stage is needed.

(3) Suitable routine classification tests for ground samples with various degrees of
disturbance are presented in Table 2.2. The routine tests are generally performed in al
phases of the ground investigation (see 2.2 (3)).

24.2.6 Testson samples

(2)P Samplesfor testing shall be selected so asto cover the range of index properties of
each relevant stratum.
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Table 2.2 — Soil classification tests

Type of soil
Clayey soil Silty sail Sandy,
gravelly soil
Type of specimen Type of specimen Type of
Parameter specimen
Undis- | Dis- Re- Undis- | Dis- Re- | Dis- Re-
turbed | turbed | moul- | turbed | turbed | mou | turbed | moul-
ded - ded
ded
Geological description | X X X X X X X X
and soil classification
Water content X (X) (X) X X) xX) | (X) X)
Bulk density X (X) — X X) — — —
Minimum and — — — (X) X) xX) | X X
maximum densities
Atterberg (consstency) | X X X X X X — —
limits
Particle size X X X X X X X X
distribution
Undrained shear X — — (X) — — — —
strength
Permeability X — — X X) xX) | (X (X)
Sensitivity X — — — — — — —
X = normal to determine
(X) = possibleto determine, not necessarily representative

— = not applicable
NOTE For some types of soil, further tests may be considered, for example the determination of
organic content, particle density and activity.

(2) For afill or astratum of sand or gravel, reconstituted specimens may be tested.
Recongtituted specimens should have approximately the same composition, density and
water content asin situ material.

(3) Laboratory tests to determine parameters for geotechnical calculations are givenin
Table2.3

(4) Suitable routine laboratory tests for rock samples giving the necessary basis for the
description of the rock materia are asfollows:

— the geological classification;

— the density or bulk mass density (p) determination;

— thewater content (w) determination;

— the porosity (n) determination;

— theuniaxia compression strength (oc) determination;

— the Young s modulus of elasticity (E) and Poisson’ sratio (v) determination;

— thepoint load strength index test (Iss0).
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(5) The classification of rock core samples will normally comprise a geological

description, the core recovery, the Rock Quality Designation (RQD), the degrees of
induration, fracture log, weathering and fissuring. In addition to the routine tests mentioned
in 2.4.2.6 (4) for rocks, other tests may be selected for different purposes, e.g. density of
grains determination, wave velocity determination, Brazilian tests, shear strength of rock
and joints determination, dake durability tests, swelling tests and abrasion tests.

(6) The properties of the rock mass including the layering and fissuring or discontinuities
may be investigated indirectly by compression and shear strength tests along joints. In
weak rocks, complementary testsin the field or large-scale laboratory tests on block
samples may be made.
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Table2.3 — Laboratory testsfor the determination of geotechnical parameters

Abbreviations of laboratory tests:

() =partidly applicable only; for details, see Section 5.

Geotechnical Type of soil
parameter Grave |Sand Silt NC clay |OC clay | Peat
organic
clay
Oedometer modulus (OED) |(OED) |OED OED OED OED
(Eoed); COMpression (TX) (TX) (TX) (TX) (TX) (TX)
index (Ce);
[one-dimensional
compressibility]
Y oung’ s modulus of TX TX TX TX TX TX
elasticity (E);
Shear modulus (G)
Drained (effective) shear [ TX X X X X X
strength (c)), (¢) SB SB SB SB SB SB
Residual shear strength  |RS RS RS RS RS RS
(C'r), (4r) (SB) |(SB) |(SB) [(SB) [(SB) |(SB)
Undrained shear strength | — — TX TX TX TX
(cu) DSS DSS DSS DSS
SIT (SB) (SB) (SB)
SIT SIT SIT
Bulk density (p) BDD |BDD |BDD |BDD |[BDD |BDD
Coefficient of OED OED OED OED
consolidation (c,) TX TX TX TX
Permeability (K) PTC  |TXCH |TXCH |TXCH
TXCH |TXCH |TXCH |(PTP |(PTF) |(PTF)
PSA PSA (PTF) |(OED) |(OED) |(OED)
— =not applicable

BDD Bulk density determination

DSS Direct simple shear test

OED Oedometer test

PTF Permeability test in the falling head permeameter

PTC Permeability test in the constant head permeameter

RS Ring shear (Ring shear box test)

SB Translational shear box test

SIT Strength index tests (normally performed in the preliminary phase only)
PSA Particle size analysis

X Triaxial test

TXCH Permeability constant head test in the triaxial cell (or flexible wall
permeameter)

2.5 Controlling and monitoring
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(2)P A number of checks and additional tests shall be made during the construction and
execution of the project, when relevant, in order to check that the ground conditions agree
with those determined in the design investigations and that the properties of the delivered
construction materials and the construction works correspond to those presumed or
specified.

NOTE Seeaso EN 1997-1:2004, Section 4.

(2)P The following control measures shall be applied:
— check of ground profile when excavating;
— ingpection of the bottom of the excavation.

(3) The following general control measures may be applied:

— measurements of groundwater level or pore pressures and their fluctuations;

— measurements of the behaviour of neighbouring constructions, services or civil
engineering works;

— measurements of the behaviour of the actua congtruction.

NOTE Controlling and monitoring is of prime importance when the observational
method is used (see EN 1997-1:2004, 2.7).

(4)P The results of the control measures shall be compiled, reported and checked against
the design requirements. Decisions shall be taken based on these findings.
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3 Soil and rock sampling and groundwater measurements

3.1 General

()P Sampling of soils and rocks by drilling and excavations and groundwater
measurements shall be conducted so comprehensively that the necessary geotechnical
design data are obtained.

3.2 Sampling by drilling

(1P Thedrilling equipment shall be selected according to:

— the sampling categories required, asdefined in 3.4.1 and 3.5.1;

— the depth to be reached and the required diameter of the sample;

— thefunctions required from the drilling rig, e.g. recording of the drilling
parameters, automatic or manual adjustment.

(2)P The requirements of EN 1SO 22475-1 shall be followed.

3.3 Sampling by excavation

(1P If samples are recovered from trial pits, headings or shafts, the requirements of
EN 1SO 22475-1 shall be followed.

3.4 Soil sampling
3.4.1 Categoriesof sampling methodsand laboratory quality classes of samples

()P Samples shall contain all the mineral constituents of the strata from which they
have been taken. They shall not be contaminated by any material from other strata or
from additives used during the sampling procedure.

(2)P Three sampling method categories shall be considered (EN 1SO 22475-1),
depending on the desired sample quality as follows (for sample quality see Table 3.1):

— category A sampling methods: samples of quality class 1 to 5 can be obtained,;

— category B sampling methods. samples of quality class 3 to 5 can be obtained;
— category C sampling methods: only samples of quality class 5 can be obtained.
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(3) Samples of quality classes 1 or 2 can only be obtained by using category A sampling
methods. The intention is to obtain samples of quality classes 1 or 2, inwhich no or
only dight disturbance of the soil structure has occurred during the sampling procedure
or inthe handling of the samples. The water content and the void ratio of the soil
correspond to those in situ. No change in constituents or in chemical composition of the
s0il has occurred. Certain unforeseen circumstances such as variations in geological
stratamay lead to lower sample quality classes being obtained.

(4) Using category B sampling methods will preclude achieving samples of quality
classes better than 3. The intention isto obtain samplesthat contain all the constituents
of the in situ soil in their original proportions and for the soil to retain its natural water
content. The genera arrangement of the different soil layers or components can be
identified. The structure of the soil has been disturbed. Certain unforeseen
circumstances such as variation in geologica strata may lead to lower sample quality
classes being obtained.

(5) By using category C sampling methods, samples of quality classes better than 5
cannot be obtained. The soil structure in the sample has been totally changed. The
general arrangement of the different soil layers or components has been modified so
that the in situ layers cannot be identified accurately. The water content of the sample
need not represent the natural water content of the soil layer sampled.

(6)P Soil samplesfor laboratory tests are divided in five quality classes with respect to
the soil properties that are assumed to remain unchanged during sampling and handling,
transport and storage. The classes are described in Table 3.1, together with the sampling
category to be used.

Table 3.1 — Quality classes of soil samplesfor laboratory testing and sampling
categoriesto be used

Soil properties/ quality class 1121314 |5
Unchanged soil properties

paticle size o R IR
water content O R

density, density index, permeability o

compressibility, shear strength

Properties that can be determined

sequence of layers

boundaries of strata— broad

boundaries of strata— fine

Atterberg limits, particle density, organic content
water content

density, density index, porosity, permeability
compressibility, shear strength

b B

> b T T T

Sampling category according to EN 1SO 22475-1

3.4.2 Soil identification
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()P Soil identification, based on the examination of the samples recovered, shall
conform to EN 1SO 14688-1.

3.4.3 Planning of soil sampling

(1)P The quality class and number of samplesto be recovered shall be based on the
ams of the soil investigations, the geology of the site, and the complexity of the
geotechnical structure and of the construction to be designed.

(2) Two different strategies may be followed for sampling by drilling.

— Drilling aimed at recovering the complete soil column, with samples obtained by
the drilling tools down the borehole and by special samplers at selected depths at
the borehole bottom.

— Drilling to recover samples only at specific predetermined elevations, e.g. by
separatel y conducted penetration tests.

(3)P The sampling categories shal be selected considering the desired |aboratory
qudlity classes, asdetailed in Table 3.1, and the expected soil types, and groundwater
conditions.

(4)P The requirements of EN 1SO 22475-1 shall be followed, for the selection of the
drilling or excavation methods and sampling equipment adequate to the soil sampling
category prescribed.

NOTE Therecovery of completely undisturbed samplesis practically impossible due
to, among other factors, the mechanical disturbance caused by the sampling operations
and to the unavoidable stress release when recovering the sample. The effect of these
factors on the degree of disturbance depends on the sampling category used and the
types of soil being sampled. The type of soil being sampled has a decisive influence on
the degree of disturbance of samples obtained by the same sampling methods. Thus
very sensitive soils are prone to disturbance, while less sensitive soils, such asmogt iff
clays, may require less restrictive methods of sampling for obtaining fairly undisturbed
samples. On the other hand, each problem requires a different degree of accuracy for
the soil parametersto be used. As a conseguence, when preparing a sampling
programme, the factors mentioned above should be considered in order to decide the
degree of disturbance that can be accepted and therefore the sampling methods to be
required.

(5) For agiven project, specific sampling equipment and methods may be required
within the sampling categories defined in 3.4.1. For instance, this is the case when the
deformation moduli (stiffness) at smal strains have to be determined in undisturbed
samples.

(6)P The dimensions of the samplesto be recovered shall be in accordance with the
type of soil and the type and number of tests to be performed.
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NOTE SeeSection5 and AnnexesL, M, N, P, Q, Rand S.

(7) Samples should be taken at any change of stratum and at a specified spacing,
usually not larger than 3 m. In inhomogeneous soil, or if a detailed definition of the
ground conditions is required, continuous sampling by drilling should be carried out
or samples recovered at very short intervals.

3.4.4 Handling, transport and storing of samples

()P Handling, transport and storing of samples shall be carried out in accordance
with EN 1SO 22475-1.

NOTE For handling and storing in the laboratory, see Section 5.

3.5 Rock sampling

3.5.1 Categoriesof sampling methods

(1)P Samples shall contain all the mineral constituents of the strata from which they
have been taken. They shal not be contaminated by any material from other strataor
from additives used during the sampling procedure.

(2)P The discontinuities and corresponding infilling materials existing in the rock
mass often control the strength and deformation characteristics of the material asa
whole. Therefore, they shall be defined as closely as possible during the sampling
operations, if such properties have to be determined.

(3)P Three sampling method categories shall be considered (see EN 1SO 22475-1),
depending on the quality of sample:

— category A sampling methods;
— category B sampling methods;
— category C sampling methods.

(4) By using category A sampling methods, the intention is to obtain samplesin
which no or only slight disturbance of the rock structure has occurred during the
sampling procedure or in handling of the samples. The strength and deformation
properties, water content, density, porosity and the permeability of the rock sample
correspond to the in situ values. No change in constituents or in chemical composition
of the rock mass has occurred. Certain unforeseen circumstances such as variations of
the geological strata may lead to lower sample quality being obtained.

(5) By using category B sampling methods, the intention is to obtain samples that
contain all the congtituents of the in situ rock mass in their original proportions and with
the rock piecesretaining their strength and deformation properties, water content,
density and porosity. By using category B sampling methods, the general arrangement
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of discontinuitiesin the rock mass can be identified. The structure of the rock mass has
been disturbed and thereby the strength and deformation properties, water content,
density, porosity and permeability for the rock mass itself. Certain unforeseen
circumstances such as variations of the geological strata can lead to lower sample
quality being obtained.

(6) Category C sampling methods lead to the structure of the rock mass and its
discontinuities being totally changed. The rock material may have been crushed. Some
changes in congtituents or in chemica composition of the rock material can occur. The
rock type and its matrix, texture and fabric can be identified.

3.5.2 Rock identification

(1P Visual rock identification shall be based on examination of the rock masses and
samplesincluding all observations of decomposition and discontinuities. The
identification shall conform to EN 1SO 14689-1.

(2)P Westhering classification shall be related to the geological processes and shall
cover the grades between fresh rock and rock decomposed into soil. The classification
shall conform to 4.2.4 and 4.3.4 of EN 1SO 14689-1:2003.

(3)P Discontinuities such as bedding planes, joints, fissures, cleavages and faults shall
be quantified with respect to pattern, spacing and inclination using unambiguous
terms. The quantification shall conform to 4.3.3 of EN 1SO 14689-1:2003.

(4)P Rock quality designation (RQD), total core recovery (TCR), and solid core
recovery (SCR), as defined by EN 1SO 22475-1, shall be determined.

3.5.3 Planning of rock sampling

()P The characteristics and number of samples to be recovered shall be based on the
am of the site investigations, the geology of the area and the complexity of the
geotechnical structure and of the construction to be designed.

(2)P The category of the sampling methods to be prescribed shall be selected
according to the rock characteristics to be preserved, asdetailed in 3.5.1, and the
expected rock and groundwater conditions.

(3)P The requirements of EN ISO 22475-1 shal be followed for the selection of the
drilling or excavation methods and sampling equipment.

(4) For agiven project, specific sampling equipment and methods may be required
within the rock sampling categories defined in 3.5.1.

3.5.4 Handling, transport and storing of samples

()P After sampling and visual inspection has taken place, the obtained cores shall be
preserved, handled and stored according to EN 1SO 22475-1.
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3.6 Groundwater measurementsin soilsand rocks

3.6.1 Genera

(1)P Groundwater measurements shall conformto 2.1.4.

(2)P The determination of the groundwater table or pore water pressures in soils and
rocks shall be made by installing open or closed groundwater measuring systems into
the ground.

NOTE This subclause applies to the measurement of positive pore water pressures
relative to the atmospheric pressure. M easurements of negative pore water pressures are
not considered.

3.6.2 Planning and execution of the measurements

(2)P When relevant, groundwater measurements and sampling shal be conducted in
accordance with EN 1SO 22475-1.

(2)P The type of equipment to be used for groundwater measurements shall be
selected according to the type and permeability of ground, the purpose of the
measurements, the required observation time, the expected groundwater fluctuations
and the response time of the equipment and ground.

(3) There are two main methods for measuring the groundwater pressure: open
systems and closed systems. In open systems the piezometric groundwater head is
measured by an observation well, usually provided with an open pipe. In closed
systems the groundwater pressure at the selected point is directly measured by a
pressure transducer.

(4) Open systems are best suited for soils and rock with arelatively high permeability
(aguifers and aquitards), e.g. sand, gravel or highly fissured rock. With soils and rocks
of low permeability they may lead to erroneous interpretations, due to the time lag for
filling and emptying the pressure pipe. The use of filter tips connected to a small
diameter hose in open systems, decreases the time lag.

(5) Closed systems can be used in all types of soil or rock. They should be used in
very low permeability soils and rocks (aquicludes), e.g. clay or low fissured rock.
Closed systems are a so recommended when dealing with high artesian water
pressure.

(6)P When very short- term variations or fast pore water fluctuations are to be

monitored, continuous recording shall be used by means of transducers and data
loggers, with any types of soils and rocks.
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(7)P In cases where open water is situated within or close to the investigation area, the
water level shall be considered in the interpretation of the groundwater measurements.
The water level in wells, the occurrence of springs and artesian water shall also be
noted.

(8)P The number, location and depth of the measuring stations shall be chosen
considering the purpose of the measurements, the topography, the stratigraphy and the
soil conditions, especially the permeability of the ground or identified aquifers.

(9)P For monitoring projects e.g. groundwater lowering, excavations, fillings and
tunnels, the location shall be chosen with respect to the expected changesto be
monitored.

(20) For reference purposes, measurement of the natural fluctuations in groundwater
should be made, if possible, outside the area affected by the actual project.

(11)P In order to obtain measurements reflecting the pore pressure at the intended
point in asoil or rock layer, provisions shall be made, according to EN 1SO 22475-1,
to ensure that the measuring point is adequately sealed off with regard to other layers
or aquifers.

(12)P The number and frequency of readings and the length of the measuring period
for agiven project shall be planned considering the purpose of the measurements and
the stabilisation period.

(13) The criteria adopted should be adjusted after an initial period of time, according
to the actual variations of the readings being observed.

(14)P If it isintended to assess groundwater fluctuations, measurements shall be taken
at intervals smaller than the natural fluctuations to be characterised and over along
period of time.

(15) During the drilling process, the observation of the water level at the end of the
day and the start of the following day (before the drilling is resumed) is a good
indication of the groundwater conditions and should be recorded. Any sudden inflow
or loss of water during drilling should also be recorded, since it can provide additional
useful information.

(16) During the first phases of Ste investigations, some of the boreholes may be
equipped with open perforated pipes protected with filters. The water level readings
obtained during the following days yield a preliminary indication of groundwater
conditions, but are subject to the limitations mentioned in 3.6.2 (4). The dangers
associated with the connection of different aquifers should be taken into account, as
well as any relevant environmental regulations.

3.6.3 Evaluation of resultsof groundwater measur ements

()P The evaluation of groundwater measurements shall take into account the
geological and geotechnical conditions of the site, the accuracy of individua
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measurements, the fluctuations of pore water pressures with time, the duration of the
observation period, the season of measurements and the climatic conditions during
and prior to that period.

(2)P The evaluated results of groundwater measurements shall comprise the observed
maximum and minimum elevations of the water table, or pore pressures and the
corresponding measuring period.

(3)P If applicable, upper and lower bounds for both extreme and normal
circumstances shall be derived from the measured values, by adding or subtracting the
expected fluctuations or areduced part of them, to the respective extreme or normal
circumstances. The frequent lack of reliable data for extended periods of time of this
type of measurements will necessitate the derived values being a cautious estimate
based on the limited available information.

(4) The need for making further measurements or installing additional measuring
gtations should be assessed during the field investigations and in the ground
investigation report.

NOTE InAnnex C, an exampleis presented of a statistical method to evaluate the
groundwater conditions, when long term measurements in a reference pipe in the
region are available and a short measuring period on the actual site has been carried
out.
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4 Field testsin soil and rock

4.1 General

()P When field tests are conducted, they shall be linked to sampling by excavating and
drilling, in order to collect information on the ground stratification and to obtain
geotechnical parametersor direct input for design methods (see also

EN 1997-1:2004, 3.3).

(2)P Field tests shall be planned considering the following general points (see also
Section 2):
geology/stratification of the ground;
— typeof structure, the possble foundation and the anticipated work during the
construction;
— type of geotechnical parameter required;
— design method to be adopted.

(3) The tests or combinations thereof should be selected from the following types,
contained in the Parts of EN ISO 22476 and covered in this Section:
cone penetration test;
— pressuremeter and dilatometer tests;
— standard penetration test;
— dynamic probing;
— weight sounding test;
— field vane test;
— flat dilatometer test;
— plate loading test.

Table 2.1 gives abroad overview for the applicability of the tests in different ground
conditions.

(4) Other complementary internationally recognised investigation methods, for instance
geophysical methods, may be used.

4.2 General requirements

4.2.1 Planning a specific tes programme

(1P In addition to the recommendations given in 2.3 and the requirements givenin 2.4
and 4.1 (2), the following information shall be established:

— ground profile to be expected;

— desired tota depth of investigation,

— elevation of ground surface and if applicable groundwater level.
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(2)P When designing the ground investigation programme, the selection of the type of
field tests and of the test equipment shall aim at obtaining the best technical and
economical solution for the intended purpose.

NOTE seeasoB.2and Table?2.1.

4.2.2 Execution

(1)P For the tests covered in this Section, equipment and procedures shall correspond to
the requirementsin EN 1SO 22476-1 to EN 1SO 22476-6, EN 1SO 22476-8,
EN ISO 22476-9, EN 1SO 22476-12 and EN 1SO 22476-13.

NOTE Further information on the procedure, the presentation and the evaluation of
the weight sounding test and the flat dilatometer test can be found in CEN ISO/TS
22476-10 and CEN ISO/TS 22476-11 respectively.

(2)P If the results obtained during the ongoing investigation do not correspond to the
initial information (see Section 2) about the test site and/or the aim of the investigation,
additional measures shall be considered such as.

— additional tests;

— changing to different test method.

(3) If the desired investigation depth is not reached, the client should be informed
immediately.

4.2.3 Evaluation

(1P In evaluating the field test results, especially in the context of deriving geotechnical
parameters/coefficients from the results, any additional information about the ground
conditions shall be considered.

(2)P Results from any sampling by drilling and excavations according to Section 3 shall
be available and shall be used in evaluating the test results.

(3)P In evaluating the test results, the possible geotechnical and equipment influences
on the measured parameters shall be considered. When a soil or rock formation exhibits
anisotropy, atention shall be paid to the axis of loading with respect to the anisotropy.

(4)P If correlations are used to derive geotechnical parameters/coefficients, their
suitability shall be considered for each particular project.

(5)P When using Annexes D to K, it shall be ensured that the ground conditions of the
site under investigation (soil type, uniformity coefficient, consistency index etc.) are
compatible with the boundary conditions given for the correlation. Local experience
shall be used for confirmation, if available.

NOTE 1 AnnexesD to K give examples of correlations for the establishment of derived
values and for the application of test values to design methods.
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NOTE 2 X.3 contains examples of correlations for the establishment of derived values
from test results and also the use of test results directly in design.
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4.3 Cone penetration and piezocone penetration tests (CPT, CPTU)

4.3.1 Objectives

(1) The objective of the cone penetration test (CPT) is to determine the resi stance of soil
and soft rock to the penetration of a cone and the locd friction on a sleeve.

(2)P The CPT consists of pushing a cone penetrometer vertically into the soil using a
series of push rods. The cone penetrometer shall be pushed into the soil at a constant
rate of penetration. The cone penetrometer comprises the cone and if appropriate a
cylindrical shaft or friction sleeve. The penetration resistance of the cone g as well as,
if appropriate, the local friction on the friction sleeve shall be measured.

(3)P For electrical CPTs, all measurements shall be made by sensors contained in the
cone penetrometer.

(4) For mechanical CPTs, the measurements are generally made remotely.

(5) The piezocone penetration test, CPTU, is an electrical CPT, which includes
additional instrumentation to measure the pore water pressure during penetration at the
level of the base of the cone.

(6) The CPTU results should be used mainly for the determination of a soil profile
together with results from sampling by drilling and excavations according to Section 3
or in comparison with other field tests.

(7) Theresults may also be used for the determination of geotechnical parameters such
as the strength and deformation properties of soil and soft rock provided penetration is
possible, and for direct input to design methods, generally in coarse and fine soil but
aso possibly in other deposts.

(8) The results may also be used to determine the length of piles and their compressive
or tensile resistance or the dimensions of shallow foundations.

4.3.2 Specific requirements

()P Thetests shall be carried out and reported in accordance with a method that
conforms to the requirements given in EN 1SO 22476-1 for the electrical CPT and
CPTU, or EN 1SO 22476-12 for the mechanical CPT.

(2)P When planning the test programme for a project, the following items shall be
decided in addition to the requirements given in 4.2.1:
— type of required cone penetration test according to EN 1SO 22476-1 or
EN I1SO 22476-12;
— depth and duration of pore pressure dissipation tests, if applicable.
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(3)P Any deviation from the requirements given in EN ISO 22476-1 or

EN ISO 22476-12 shall be justified and reported. In particular, any influence on the
results shall be commented upon.

4.3.3 Evaluation of test results

(1P In addition to the requirements given in 4.2, the field and test reports according to
EN 1SO 22476-1 or EN 1SO 22476-12 shall be used for evaluation purposes.

(2)P Possible geotechnical influences on the penetration resistance shall be considered
in evaluating the test results, e.g. in clays, the cone penetration resistance corrected for
pore water pressure effects, (), should be used in evaluation.

4.3.4 Useof test resultsand derived values
4.3.4.1 Bearingresganceand settlement of spread foundations

(1)P When the bearing resistance or the settlement of a spread foundation is derived
from CPT reaults, either a semi-empirical or an analytical design method shall be used.

NOTE See, for example, EN 1997-1:2004, Annex D or F.

(2)P When a semi-empirical method is used, all the features of the method shall be
taken into account.

NOTE If, for instance, the semi-empirical method to determine the settlement of
spread foundations from CPT resultsis used (see D.3), only the Y oung’s modulus of
elasticity derived from q. is applied in this particular method as shown in the example.

(3) When the sample analytical method for bearing resistance of Annex D in

EN 1997-1:2004 is used, the undrained shear strength of fine soil, (c,) may be
determined for a CPT from:

qc'o-vo
c, =—= 4.1
! N, 4.3

Or, in the case of aCPTU, from:

c, = 7w (4.2)
N kt
where
Oc is the cone penetration resistance
o is the cone penetration resistance corrected for pore water
pressure effects;
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Nk and Ni are coefficients estimated from local experience or reliable
correlations

Ovo istheinitial total vertical overburden stress at the depth under
consideration;

(4) If the sample analytical method for bearing resistance calculation of Annex D of
EN 1997-1:2004 is used, the angle of shearing resistance (¢') may be determined from
the cone resistance (qc), on the basis of local experience, taking into account depth
effects, when relevant.

NOTE 1 An example of ranges of values to estimate ¢ from g for quartz and feldspar
sandsisgivenin D.1, for estimating the bearing resistance of spread foundations when
depth effects do not need to be taken into account.

NOTE 2 In addition, an example for a correlation between ¢ and q for poorly-graded
sandsisgiven in D.2. The correlation given in D.2 should be considered as giving a
conservative estimate.

(5) More elaborate methods may also be used for determining ¢ from g, taking into
account the effective vertical stress, the compressibility, and the over-consolidation
ratio.

(6) If an adjusted elasticity method is used for calculating settlements of spread
foundations from CPT results, the correlation between cone resistance () and the
drained (long term) Young's modulus of elasticity (E’) depends on the nature of the
method: the semi-empirical elasticity method, or the theoretical elastic method.
NOTE An adjusted elasticity method is given in EN 1997-1:2004, Annex F.

(7) Semi-empirical methods may be used for calculating settlements in coarse soil.
NOTE AnexampleisgiveninD.3.

(8) When atheoretical elastic method is used, the drained (long term) Y oung’s modulus
of elasticity (E') may be determined from cone resistance (qc), on the basis of local
experience.

NOTE Anexample of sample values for quartz and feldspar sandsis givenin D.1 to
estimate avalue of E’ from qc.

(9) Correlations between the oedometer modulus (Eoeq) and the cone res stance (qc) may
a s0 be used when calculating settlements of spread foundations. The following
relationship between the oedometer modulus (Eoed) and qc is often adopted:

Eoed = XX Qc (4.3)

where

o isacorrelation factor depending on loca experience.
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NOTE Anexample of acorrelationisgiveninD.4.

(10) When atheoretical elastic method is used to calculate the settlements of spread
foundations, a stress dependant oedometer modulus (Eceq), based on the cone
penetration resistance (dc), may be used.

NOTE 1 For examples of theoretica elastic methods, see EN 1997-1:2004, Annex F.

NOTE 2 Examples of correlations between g. and Exeq are givenin D.5. The
correlations givenin D.5 should be considered as conservative estimates.

4.34.2 Pilebearing resistance

(1)P When the ultimate compressive or tensile resistance of piles according to

EN 1997-1:2004, 7.6.2.3 or 7.6.3.3 is derived from CPT results, calculation rules based
on locally established correlations between the results of static load tests and CPT
results shall be used.

NOTE 1 An example for such correlations for coarse soil isshowninD.6.

NOTE 2 An exampleis given for the assessment of the compressive res stance of a
single pile on the bass of gc-valuesfroma CPT in D.7.

4.4 Pressuremeter tests (PMT)

4.4.1 Objectives

(1) The objective of the pressuremeter test isto measure in situ the deformation of soil
and soft rock caused by the expansion of acylindrical flexible membrane under
pressure.

(2)P Thetest consists of inserting a probe containing a cylindrical flexible membrane
into the ground either into a pre-formed borehole, or by self-boring or by full
displacement pushing. Once at a predetermined depth the membrane is expanded under
pressure and readings of pressure and expansion are recorded until a maximum
expansion for the particular deviceis reached.

NOTE Expansion is measured from radial displacement, or calculated from volume
change of the cylindrical membrane.

(3) The test should be used to derive strength and/or deformation parameters of the
ground or specific pressuremeter parameters.

(4) The results may be used to derive stress-strain curvesin fine soil and soft rock.

4.4.2 Specific requirements
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()P When planning a test programme for a project the type of pressuremeter to be used
shall be specified.

(2)P There are four different types of apparatus generally available, for which the

correspondl ng standards shall be used:
pre-bored pressuremeters (PBP), e.g. the flexible dilatometer test (FDT),
according to EN 1SO 22476-5;

—  the Ménard pressuremeter (MPM), a specific form of PBP, according to EN 1SO
22476-4;

—  the self-boring pressurremeter (SBP), according to EN 1SO 22476-6;

—  thefull displacement pressuremeter (FDP), according to EN 1SO 22476-8.

NOTE The PBP and the MPM are lowered into atest hole created specifically for the
pressuremeter test. The SBP isdrilled into the ground using an integral cutting head at
its lower end such that the probe replaces the material it removes thereby creating its
own test hole. The FDP is usually pushed into the ground with an integral cone at its
lower end, thereby creating its own test hole. The MPM may in some instances be
pushed or driven into the ground. PBP, SBP and FDP probes may take a number of
forms, in accordance with the type of installation and measuring systems.

(3) Two different basic test procedures may be used:

— aprocedure to obtain a pressuremeter modulus, Ey, and limit pressure, p_w, that
may be used in design procedures formulated for the M énard pressuremeter; and

— aprocedure to obtain other stiffness and strength parameters.

(4)P Thetests shall be carried out and reported in accordance with atest method that
conformsto the requirements for the particular instrument type to be used,
(see4.4.2 (2)P).

(5)P Any deviations from the requirements given in the corresponding standard shall be
justified and in particular their influence on the results shall be commented upon.

4.4.3 Evaluation of test results

(1P If necessary, the applied pressure shall be corrected for membrane stiffness to
obtain the true pressure applied to the cylindrical ground contact surface around the
probe.

(2)P If aradia displacement type pressuremeter is used, the displacement readings shall
be converted to cavity strain and, if testing weak rock, corrected for membrane
compression and thinning.

(3)P If avolume displacement type pressuremeter is used (e.g. MPM), the volume
reading shall be corrected for system expansion.

(4)P In addition to the requirements given in 4.2, the field and test reports according to

EN ISO 22476-4 EN 1SO 22476-5 EN 1SO 22476- 6 and EN 1SO 22476-8 for the
specific test type shall be used for the basis of any further evaluation.
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(5) In addition to the plots required by the individua equipment test standard, the list of
additional plotsin Table 4.1 should be considered.

444 Useof test resultsand derived values

4441 General criteria

()P When anindirect or analytical design method is used, the geotechnical parameters
of shear strength and shear modulus shall be derived from the pressuremeter curve using
methods relevant for the particular test and equipment type.

(2)P When adirect or semi-empirical design method is used, all the features of the
method shall be taken into account.

NOTE Direct foundation design procedures use directly the measurements from field
tests, instead of conventional soil properties.
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Table4.1 — A list of additional plots

Probe Ground Abscissa Ordinate
type

Radial displacement type

Self-bored, All Cavity strain for each arm Applied pressure

pushed in

Pre-bored All Cavity strain for each pair of | Applied pressure
ams

Self bored All initial cavity strainfor each | Applied pressure
am

All All Cavity strain for unload- Applied pressure
reload cycle for each arm

All Clay Logarithm of cavity strain Applied pressure
for each arm

All Sands Natura logarithm of current | Natural logarithm

cavity strain for each arm

of effective applied
pressure

Volume displacement type (except MPM) 2
Pre-bored All Volume change Applied pressure
Pre-bored All Rate of change of volume Applied pressure

a

For MPM tests, the pressure is plotted as abscissa and the volume change as ordinate.

(3)P If, for instance, the semi-empirical method to determine the settlement of spread
foundations from MPM resultsis used, only the modulus Ey determined from Ménard
pressuremeter results shall be applied in this particular method.

NOTE Examples of calculations of settlements can be found in E.2.

4.4.4.2 Bearingresganceof spread foundations

(1P If asemi-empirical method is used, then all aspects relating to the method need to
be followed, in particular the specification for the pressuremeter type used in
establishing the method. EN 1SO 22476-4 shall be followed.

NOTE 1 The semi-empirical method according to Ménard is given in EN 1997-1:2004,

Annex E.

NOTE 2 An example of the calculation of the bearing resistanceis givenin E.1.

(2) If an analytical method is used, the strength of the soil may be determined using
empirical and theoretical methods but only on the basis of locd experience.

NOTE Examples of analytical methods are givenin EN 1997-1:2004, Annex D.

(3) The angle of shearing resistance (¢ ) may be determined from an SBP test in coarse
soil by theoretical methods and from FDP and PBP tests using empirical correlations
but only on the basis of local experience.
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4.4.4.3 Settlement of spread foundations

(1) The settlement of spread foundations may be determined from MPM testsusing a
semi-empirical method.

NOTE  Anexampleof thecaculationisgiveninE.2.

(2) If an analytical methods is used, the stiffness of the soil may be determined using
theoretical models to interpret the pressuremeter test but only on the basis of local
experience.

NOTE Examples of analytical methodsare givenin EN 1997-1:2004, Annex F.

4.44.4 Pilebearing resistance

(1) The ultimate compressive resistance of piles may be derived directly from stress
controlled tests.

NOTE An example of the calculation of the ultimate compressive resistance is given
inE.3.

(2) When the ultimate compressive or tensile resistance of apile is derived indirectly
from pressuremeter test results, an analytical method may be applied to derive values of
base and shaft resistance but only on the basis on local experience.

4.5 Flexibledilatometer test (FDT)

4.5.1 Objectives

(1) The objective of the flexible dilatometer test isto measurein situ the deformability
of rock (rock dilatometer test, RDT), and soil (soil dilatometer test, SDT) from
measurements of the radia expansion of a borehole section under a known uniform
radial pressure applied by means of a cylindrical dilatometer probe.

(2)P Thetest consists of inserting a cylindrical probe, having an outer expandable
flexible membrane, into a borehole, and measuring, at selected time intervalsor ina
semi-continuous manner, the radia displacement of the borehole while inflating the
probe under known radial pressure.

(3) The RDT should be used mainly in soft and hard rock formations while the SDT
should be used primarily in soft to stiff soil to obtain profiles of deformability variations
with depth.

(4) Theresults of cylindrical dilatometer tests may be used to determine the deformation
and creep properties in situ when testing intact rock.
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(5) Infragile or clayey rock, and in fractured or closely jointed formations, where core
recovery is poor or inadequate for the purpose of obtaining representative samples for

l[aboratory testing, the cylindrical dilatometer test may be used for rapid index logging
of boreholes and for comparisons of relative deformability of different rock strata.

4.5.2 Specific requirements

(1)P When planning a test programme for a project, the specific requirements of the
device to be used shall be specified.

(2)P Thetests shall be carried out and reported in accordance with atest method that
conformsto EN 1SO 22476-5.

(3)P Any deviations from the requirements given in EN 1SO 22476-5 shall be justified
and in particular their influence on the results shall be commented upon.

453 Evaluation of test results

(1P In addition to the requirements given in 4.2, the field and test reports according to
EN 1SO 22476-5 for the specific test type shall be used for evaluation purposes.

(2) Theinterpretation of flexible dilatometer tests requires that the Poisson's ratio of the
soil or rock should either be known or assumed.

454 Useof test resultsand derived values

(1) Theresults of dilatometer tests may be used to check the serviceability limit state of
spread foundations on soil or rock through a deformation analysis.

(2) When performing a deformation analysis, the Y oung’s modulus of elasticity (E) may
be taken equal to the dilatometer modulus (Erpr) on the assumption that the soil or rock
islinearly elagtic and isotropic.

(3)P When anindirect or analytical design method is used, the geotechnical parameters

of shear modulus shall be derived from the dilatometer curve using methods relevant for
that particular test type.

4.6 Standard penetration test (SPT)

4.6.1 Objectives

(1) The objectives of the standard penetration test are the determination of the resistance
of soil at the base of aborehole to the dynamic penetration of a split barrel sampler (or
solid cone) and the obtaining of disturbed samples for identification purposes.
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(2)P The sampler shall be driven into the soil by dropping a hammer of 63,5 kg mass
onto an anvil or drive head from a height of 760 mm. The number of blows (N)
necessary to achieve a penetration of the sampler of 300 mm (after its penetration under
gravity and below a seating drive) is the penetration resistance.

(3) The test should be used mainly for the determination of the strength and deformation
properties of coarse soil.

(4) Valuable additional datamay also be obtained in other types of soil.

4.6.2 Specific requirements
(1P Thetests shall be carried out and reported in accordance with EN 1SO 22476-3.

(2)P Any deviation from the requirements given in EN 1SO 22476-3 shall be justified
and in particular its influence on the results of the test shall be commented upon.

4.6.3 Evaluation of test results

(1P In addition to the requirements given in 4.2, the field and test reports according to
EN 1SO 22476-3 shall be used for evaluation purposes.

(2)P Existing design methods of foundations based on the SPT are of empirical nature.
Equipment-related operating methods have been adapted to obtain more reliable results.
Therefore, the application of appropriate correction factors for interpreting the results
shall be considered (see EN 1SO 22476-3).

(3)P The energy ratio (E;) hasto be known for the equipment if the results are to be used
for the quantitative evaluation of foundations or for the comparison of the results. E; is
defined as the ratio of the actual energy (Emess) (Measured energy during calibration)
delivered by the drive-weight assembly into the drive rod below the anvil, to the
theoretical energy (Eimeor) as calculated for the drive-weight assembly. The measured
number of blows (N) shall be corrected accordingly (see EN 1SO 22476-3).

(4) In sands, the energy losses due to rod length and the effect of effective overburden
pressure should be taken into account accordingly (see EN 1SO 22476-3:2005, A.2 and
A4).

(5) Other corrections should be considered, such as taking into account the use of liners
(see EN SO 22476-3:2005, A.3) or the use of a solid cone.

4.6.4 Useof test resultsand derived values

46.4.1 General criteria

(1) When dealing with sands, a wide empirical experience in the use of thistest is
available, such as for the quantitative evaluation of the density index, the bearing
resistance and the settlement of foundations, even though the results should be
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considered as only a rough approximation. Most of the existing methods are still based
on uncorrected or partly corrected values.

(2) Thereis no genera agreement on the use of the SPT resultsin clayey soil. In
principle, it should be redtricted to aqudlitative evauation of the soil profile or to a
qualitative estimate of the strength properties of the soil.

(3) The SPT results may sometimes be used in a quantitative way in clayey soil under
well-known local conditions, when directly correlated to other appropriate tests.
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4.6.4.2 Bearingresgance of spread foundationsin sands

(2) If an analytical method for the calculation of bearing resistance is used, the effective
angle of shearing resistance (¢') may be derived from SPT results.

NOTE For examples of analytical methods for the calculation of bearing resistance,
see EN 1997-1:2004, Annex D.

(2) The value of ¢ may be derived empirically from:
— direct correlations with SPT results;
— correlations with density index, where the density index is derived from SPT resullts.

NOTE 1 Seefor example F.1 and F.2.

NOTE 2 Therelationships given in F.1 can be used to determine the density index (Ip)
from either Ngo or (N1)so (See EN 1SO 22476-3).

(3) Theresistance of sand to deformation is often increased the longer the geological
period of consolidation. This "ageing" effect isreflected in higher blow counts and
should be taken into account.

(4) Over-consolidation should be taken into account because it increases the blow
counts, for the same values of Ip and &' vo.

NOTE1 InF.1, somesample correlations are shown by the means of which the effect
of both ageing and over-consolidation can be taken into account.

NOTE 2 When correcting for over-consolidation and ageing effects, the resultant
derived ¢ values, using the density index, from the correlationsin F.2 can be
conservative.

4.6.4.3 Settlement of spread foundationsin sand

(1) When a purely elastic design method is used, the drained Y oung’ s modulus of
easticity (E') may be derived from the N-values through empirical correlations.

(2) Alternatively, the density index may be derived based on the Ngo-value. Then an
gppropriate correlation may be used to obtain E' through the density index.

(3) The direct design methods are based on comparisons of the N-values and results of
plate loading tests or records of measured settlements of foundations. Allowable bearing
resistance for a maximum settlement of 25 mm or the settlement corresponding to a
given applied pressure can be obtained through the corresponding procedures with
reference to the width of the footing, its embedment in the ground and groundwater
table position.

NOTE The sample method for the calculation of the settlements caused by spread
foundationsin sand, as given in F.3, can be used.
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4.6.4.4 Pilebearing resisancein sand

()P When the ultimate compressive or tensile resistance of pilesis derived from SPT
results according to EN 1997-1:2004, 7.6.2.3 or 7.6.3.3, caculation rules based on
locally established correlations between the results of static load test and SPT results
shall be used.

4.7 Dynamic probing tests (DP)

4.7.1 Objectives

(1) The objective of the dynamic probing tests is to determine the resistance of soil and
soft rock in situ to the dynamic penetration of a cone.

(2)P A hammer of a given mass and faling height shall be used to drive the cone. The
penetration resistance is defined as the number of blows required to drive the
penetrometer over a defined distance. A continuous record shall be provided with
respect to depth. No samples are recovered.

(3) The test results should be used particularly for the determination of a soil profile
together with results from sampling by drilling and excavations according to Section 3
or as arelative comparison of other in situ tests.

(4) The results may also be used for the determination of the strength and deformation
properties of soil, generally of the coarse type but also possibly in fine soil, through
appropriate correlations.

(5) The results can also be used to determine the depth to very dense ground layers
indicating for instance the length of end bearing piles.

4.7.2 Specific requirements

()P For planning the specific test programme for a project, in addition to the
requirements given in 4.2.1, the type of required DP test according to EN 1SO 22476-2,
shall be decided upon.

(2)P Thetests shall be carried out and reported in accordance with EN 1SO 22476-2.

NOTE Five procedures are available according to EN SO 22476-2, covering awide

range of specific work per blow: DPL, DPM, DPH, DPSH-A and DPSH-B as follows.

— Dynamic probing light (DPL): test representing the lower end of the mass range of
dynamic penetrometers. Blow count: N, .

— Dynamic probing medium (DPM): test representing the medium mass range of
dynamic penetrometers. Blow count: Niom.

61



prEN 1997-2:2006 (E)

— Dynamic probing heavy (DPH): test representing the medium to very heavy mass
range of dynamic penetrometers. Blow count: Njop.

— Dynamic probing super heavy (DPSH-A and DPSH-B): tests representing the upper
end of the mass range of dynamic penetrometers closely related to the dimensions of
the SPT. Blow count: Nigsa, Or Nogsa, Nigss Or Nogss.

(3)P Any deviation from the requirements given in EN 1SO 22476-2 shall be justified
and in particular its influence on the results of the test shall be commented upon.

NOTE Deviations exist with respect to:

— falling height and hammer mass,

— dimensions of the cone: e.g. an area of 10 cm? instead of 15 cm? as specified in
EN 1SO 22476-2:2005, clause 4.

(4) Inlocations with special difficulties of accessibility, lighter equipment and
procedures other than those specified in EN 1SO 22476-2 may be used.

4.7.3 Evaluation of test results

(1P In addition to the requirements given in 4.2, the field and test reports according to
EN 1SO 22476-2 shall be used for evaluation purposes.

(2)P Possible geotechnical and equipment influences on the penetration resistance
according to EN 1SO 22476-2:2005, 5.4 shall be considered in evaluating the test
results.

474 Useof test resultsand derived values

(1) For coarse soil, it is possible to obtain correlations with some geotechnical
parameters and field tests. The correlations may be used in a quantitative evaluation for
foundation design, provided the friction along the rods is negligible, or duly corrected.

(2) For fine soil, the quantitative use of the results should be employed only under well-
known local conditions and supported by specific correlations. The skin friction during
thetest isafactor of special concern with this type of soil and should be duly taken into
account.

(3) Severd correlations have been established among the different dynamic probing
tests and between them and other tests or geotechnical parameters. In some cases the
friction along the rods has been eliminated or corrected, but the actual energy
transmitted to the probe has not been measured. Therefore they cannot be considered
valid in general.

NOTE 1 Examples of such correlations are included in Annex G.

NOTE 2 The correlations given in Annex G should be considered as conservative
estimates.
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(4) If an analytical method for bearing resistance of spread foundationsis used, the
angle of shearing resistance (¢') of coarse soil may be determined from the number of
blows and the corresponding density index (Ip) with correlations.

NOTE 1 An example of an analytical method is given in EN 1997-1:2004, D 4.

NOTE 2 Such correlations for the determination of ¢ are given as examplesin G.1 and
G.2.

(5) If atheoretical elastic method is applied to calculate the settlements of spread
foundations, the oedometer modulus (Eoeq) derived from the number of blows may be
used.

NOTE 1 Examples of theoretical elastic methods are givenin EN 1997-1:2004,
Annex F.

NOTE 2 Corresponding examples of correlations for the determination of the
oedometer modulus are givenin G.3.

(6) When well-established correlations between ultimate compressive resistance from
static pile load tests (see EN 1997-1:2004, 7.6.2.3) and cone penetration resistance ()
in coarse soil are used for the design, g. may be estimated from Nig or Ny values using
established relationships.

NOTE 1 Examplesfor DPH correlations are givenin G.4.

NOTE 2 An example of correlations between the results of different dynamic probing
testsisgivenin G.5.

4.8 Weight sounding test (WST)

4.8.1 Objectives

(1) The objective of the weight sounding test is the determination of the resistance of
soil in situ to the static and/or rotational penetration of a screw-shaped point.

(2)P The weight sounding test shall be made as a static sounding in soft soil when the
penetration resistance is less than 1 kN. When the resistance exceeds 1 kN, the
penetrometer shall be rotated, manually or mechanically, and the number of half-turns
for agiven depth of penetration recorded. A continuous record is provided with respect
to depth but no samples are recovered.

NOTE Further information on aprocedure, presentation and evaluation for the WST
can be found in CEN ISO/TS 22476-10, (see X.3.5).
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(3) The weight sounding test should primarily be used to give a continuous soil profile
and an indication of the layer sequence. The penetrability in even stiff clays and dense
sandsis good.

(4) The weight sounding test may also be used to estimate the density index of coarse
soil.

(5) The results can also be used to determine the depth to very dense ground layers
indicating the length of end bearing piles.

4.8.2 Specific requirements

(1) Thetests should be carried out and reported in accordance with a recognised
method.

(2)P Any deviation from the requirements in the method referred to in (1) shall be
justified and in particular itsinfluence on the results of the test shall be commented
upon.

NOoTE Further information on aprocedure, presentation and evaluation for the weight
sounding test can be found in CEN 1SO/TS 22476-10.
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4.8.3 Evaluation of test results

(1P The requirements given in 4.2 shall be followed for the evaluation of the test
results.

(2) In addition, the field and test reports, according to the method referred to in
4.8.2 (1), should be used for evaluation purposes.

(2) The following influences can affect the evaluation of the results.

— Thevariations of the resistance with depth can depend on the variations in the soil
layer sequence.

— Invery soft to firm clays, the resistance is often less than 1 kN or approximately
constant and less than 10 half-turns per 0,2 m of penetration.

— Asthe sensitivity of the clay also influences the penetration resistance, the strength
of the clay cannot be determined directly from the penetration resistance without a
calibration for each site.

— Invery loose to loose sediments of silt and sand, rather low and constant penetration
resistances are obtained.

— Inmedium dense to dense silts and fine sands, higher (10 to 30 half-turns per 0,2 m
of penetration) resistances are obtained, which remain approximately constant with
depth.

— Insand and gravel sediments, the variation in penetration resistances increases with
the grain size.

— Insilty sands and coarse gravel, a high penetration resistance does not always
correspond to higher density or strength and deformation properties.

4.8.4 Useof test resultsand derived values
(1)P When the bearing resistance or the settlement of a spread foundation is derived
from weight sounding test results, an analytical design method shall be used.

(2) If an analytical method for bearing resistance is used, the angle of shearing
resistance (¢) may be determined from correlations with weight sounding resistance.

NOTE Examples of analytical methods are givenin EN 1997-1:2004, Annex D.

(3) Such correlations should be based upon comparable experience, relevant to the
design situation.

NOTE Annex H presents an example correlation, derived for quartz and feldspar
sands in a European region.

(4) If an adjusted elasticity method is used for calculating settlements of spread
foundations from weight sounding results, the drained (long term) Y oung’ s modulus of
easticity (E') may be determined from weight sounding resistance on the basis of local
experience. In the case of quartz and feldspar sands, for example, the angle of shearing
resistance (¢) may be estimated from the weight sounding resistance.
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NOTE 1 Such an adjusted elasticity method is given in EN 1997-1:2004, Annex F.

NOTE 2 An example of a correlation to estimate the angle of shearing resistance ¢' of
guartz and feldspar sandsis given in Annex H.

(5) In coarse soil, the weight sounding resistance may also be used in direct estimation
of the bearing capacity of spread foundation and piles.

(6) In fine soil, the weight sounding resistance may be used to estimate the undrained

shear strength of soil, based on local experience, considering the sensitivity of the soil
and water conditions in the borehole.

4.9 Fied vanetest (FVT)

4.9.1 Objectives

(1) The objectives of the field vane test are the measurement of the resistance to rotation
in situ of avane ingtalled in soft fine soil for the determination of the undrained shear
strength and the sensitivity.

(2)P Thefield vane test shall be carried out with arectangular vane, consisting of four
plates fixed at 90° angles to each other, pushed into the soil to the desired depth and
rotated.

(3) Thefield vane test may also be used for the determination of the undrained shear
strength in giff clays, siltsand glacia clays. The reliability of test results varies
depending on the type of soil.

(4) After extensive rotation of the vane, whereby the soil along the failure surface
becomes thoroughly remoulded, the remoulded shear strength value can be measured and
the soil’ s sensitivity can be calculated.

4.9.2 Specific requirements

(1) Thetests should be carried out and reported in accordance with requirements given in
EN 1SO 22476-9.

(2P Any deviation from the requirements given in EN 1SO 22476-9 shall be justified,
and in particular its influence on the results of the test shall be commented upon.

4.9.3 Evaluation of test results

(1P In addition to the requirements given in 4.2, the field and the test reports according
to EN 1SO 22476-9 shall be used for evaluation purposes.
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(2) Theresults of other field test, e.g. from CPT, SPT, WST or DP if conducted, should
be available and considered.
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494 Useof test resultsand derived values

(1)P If the bearing resistance of a spread foundation, the ultimate compressive or tensile
resistance of pilesor stability of dopes are derived based on vane test results, an
analytica design method shall be used.

(2)P In order to obtain derived vaues for the undrained shear strengthfrom field vane test
results, the test result ¢y, shall be corrected based on:

Cu=H X Cpy. (4.9
The correction factor 1 shall be determined based on local experience.

(3) Exigting correction factors are usually related to the liquid limit, the plasticity index,
the effective vertical stressor the degree of consolidation.

NOTE Annex | gives examples of such correction factors.

4.10 Flat dilatometer test (DMT)

4.10.1 Objectives

(1) The objectives of the flat dilatometer test are the determination of the in situ strength
and deformation properties of soil by expanding a thin circular steel membrane mounted
flush on one face of a blade-shaped steel probe inserted vertically into the ground.

(2)P Thetest consists of measuring the pressures when the membrane is flush with the
blade and just begins to move and when the displacement in the centre of the membrane
reaches 1,10 mm into the soil. The test shall be performed at selected depths or in a
semi-continuous manner.

(3) Theresults of DMT tests may be used to obtain information on soil stratigraphy, in
situ state of stress, deformation properties and shear strength.

(4) The DMT test should primarily be used in clays, sits and sands where particles are
small compared to the size of the membrane.

NOTE Further information on aprocedure, presentation and evaluation of DMT can be
found in CEN ISO/TS 22476-11, (see X.3.7).

4.10.2 Specific requirements

(1) Thetests should be carried out and reported in accordance with a recognised
method.
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(2P Any deviations from the requirements given in the method referred to in (1) shall
be justified and in particular their influence on the results shall be commented upon.

NOTE Further information on aprocedure, presentation and evaluation of the DMT
can be found in CEN ISO/TS 22476-11

4.10.3 Evaluation of test results

(1P Therequirements given in 4.2, shal be followed for the evaluation of the test
results.

(2) In addition the field and test reports, according to the method referred to in
4.10.2 (1), should be used for evaluation purposes.

4.104 Useof test resultsand derived values
4.104.1 Bearingresisanceand settlement of spread foundations

(1)P When the bearing resistance of spread foundations is derived from DMT results, an
analytical design method shall be used.

(2) If an analytical method is used, the derived value of the undrained shear strength c,
of non-cemented clays, for which the DMT test results show material index Iput < 0,8,
may be determined using the following relationship:

¢, =0,22 ¢ (0,5 KDMT)l'ZS (45)

where

Komt  isthe horizontal stressindex or any other well documented
relationship based on local experience.

NOTE Examples of analytical methods are givenin EN 1997-1:2004, Annex D.

(3) When applying an adjusted elasticity method, the one-dimensional settlement of
spread foundations may be calculated using values of the one-dimensiona tangent
modulus (Eqeq) determined from results of DMT tests. In fine soil, such procedures
should be applied only when the sum of the effective overburden pressure and the stress
increase induced by the foundation load is less than the pre-consolidation pressure.
NOTE 1 Such an adjusted elasticity method is given in EN 1997-1:2004, Annex F.

NOTE 2 An example of such adetermination of settlements is shownin Annex J.

4.10.4.2 Pilebearing resistance
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(1)P When the ultimate compressive or tensile resistance of pilesis derived from DMT
results, an analytical calculation method shall be gpplied to derive the values of base
and shaft resistance.
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4.11 Plateloadingtest (PLT)

4.11.1 Objectives

(1) The objective of the plate loading test is the determination of the vertical
deformation and strength properties of soil and rock masses in situ by recording the load
and the corresponding settlement when arigid plate modelling a foundation is loading
the ground.

(2)P The plate loading test shall be carried out on athoroughly levelled and undisturbed
surface either at ground level or on the bottom of an excavation at a certain depth or the
bottom of a large diameter borehole, an exploration shaft or gallery.

(3) Thetestisapplied in all soils, fillsand rock but normally should not be used for very
soft fine soil.

4.11.2 Specific requirements

(1P Thetest shall be carried out and reported in accordance with EN 1SO 22476-13.

(2)P Any deviation from the requirements given in EN 1SO 22476-13 shall be justified
and in particular its influence on the results shall be commented upon.

NOTE Deviations exist, for example with respect to plate size and test procedure
(incremental loading, constant rate of deformation).

4.11.3 Evaluation of test results

(1P In addition to the requirements given in 4.2, the field and the test reports according
to EN 1SO 22476-13 shall be used for evaluation purposes.

4114 Useof test resultsand derived values

(1) Theresults of aPLT may be used to predict the behaviour of spread foundations.

(2) For deriving geotechnical parameters of a homogeneous layer (for use in indirect
design methods), the layer should have a thickness beneath the plate of at least two
times the width or diameter of the plate.

(3) Resultsof aPLT may only be used for direct design methodsif:

— thesize of the plate has been chosen considering the width of the planned spread
foundation (in which case the observations are transformed directly);

— ahomogeneous layer up to two times the width of the planned spread foundation
exigs (in which case the results of smaller sized plates — not considering the planned
foundation width — are used to transform the results on an empirical basis to the
actual foundation size).
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(4) If an analytical design method for bearing resistance is used, the undrained shear
strength (c,) may be derived from aPLT conducted at a constant rate of penetration,
sufficiently fast to practically preclude any drainage.

NOTE 1 Examples of analytical design methods for bearing resistance are givenin
EN 1997-1:2004, Annex D.

NOTE 2 An example of areationship used for deriving the value of ¢, isgiven in K.1.
(5) If an adjusted elasticity method for settlement evaluation is used, the Young's
modulus of elasticity (E) may be derived from the plate settlement modulus (Ep 1),
based on established experience.

NOTE 1 Such an adjusted elasticity method for settlement evaluation isgiven in
EN 1997-1:2004, Annex F.

NOTE 2 The determination of Ep 1 is shown in K.2.

(6) The coefficient of sub-grade reaction (ks for evaluating deformations may be
derived from results of an incremental loading test.

NOTE Anexample of the calculation of ks is giveninK.3.

(7) For direct design, the results of PLT may be transferred directly to the foundation
problem without using any geotechnical parameters.

(8) Settlements of footingsin sand can be derived from PLT results.

NOTE AnexampleisgiveninK.4.
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5 Laboratory testson soil and rock

5.1 General

(1P Thelaboratory test program shall be established in conjunction with the other parts
of the ground investigation program (see Section 2 for more details).

(2) Whenever possible, the information obtained from field tests and soundings should
be used for selecting the test samples (see 2.4.1.3).

5.2 General requirementsfor laboratory tests

5.2.1 General requirements

(1) Therequirements given in this section should be considered a minimum.

(2) Additional specifications, additional presentation requirements or additional
interpretation, as appropriate for the ground conditions or geotechnical aspects of
interest, may be required.

(3)P Details of the tests required to determine the parameters needed for design shall be
specified.

5.2.2 Procedures, equipment and presentation

()P Tests shall be carried out and reported according to existing EN and EN 1SO
documents.

NOTE EN ISO and CEN ISO/TS documents are under preparation for some
laboratory tests.

(2) Provided the requirements of this standard are met, alternative test methods and
procedures may be selected.

(3)P Checks shall be made that the laboratory equipment used is adequate, fit for its
purpose, calibrated and within the calibration requirements.

(4) Thereliability of the equipment and procedures should be checked by comparing the
test results with data obtained on comparable soil or rock types.

(5)P Thetest methods and procedures used shall be reported together with the test
results. Any deviations from a standard test procedure shall be reported and justified.
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(6) If appropriate, the results of laboratory soil classfication tests should be presented
together with the soil profile on a plot summarizing the soil description and al
classification results.

(7) If possible and required, the location of the other laboratory tests (such as oedometer
and triaxial tests) should be indicated on the same plot.

5.2.3 Evaluation of test results

(1) Requirements for evaluation of laboratory test results are given in 6.3.

(2) Results of individua tests should be compared with other test results to check that
no contradiction exists between the available data.

(3) The test results should be checked with values found in the literature, correlations
with index properties and comparable experience.

5.3 Preparation of soil specimensfor testing

5.3.1 Objective

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

(2) For the purposes of preparation, five types of soil specimens may be distinguished:
disturbed, undisturbed, re-compacted, remoulded and reconstituted specimens.

5.3.2 Requirements

5.3.2.1 Quantity of soil

(1P The soil specimen used for testing shall be sufficiently large to take account of:
— thelargest size of particles present in significant quantity;

— the natural features such as structure and fabric (e.g. discontinuities).

NOTE Minimum masses of disturbed soil for classification tests and tests on re-
compacted specimens and masses of soil required for preparation of undisturbed
specimens for strength and compressibility tests are givenin Annex L.

5.3.2.2 Handling and processng

(1P The requirements of EN-1SO 22475-1 shall be observed.
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(2)P All samples shall be clearly and unambiguously labelled.

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

(4)P Soil shall not be dlowed to dry before testing if the test results can be affected by a
loss of moisture.

(5) Undisturbed samples should be prepared under conditions of controlled humidity. If
preparation is interrupted, the specimen should be protected from changes in water
content.

(6)P If disaggregating processes are applied, the breaking down of individual particles
shall be avoided. If special treatment of bonded and cemented soil is required, this shall
be specified.

(7)P Subdivision methods shall ensure that representative portions are obtained,
avoiding segregation of large particles.

5.4 Preparation of rock specimensfor testing

5.4.1 Objective

(1) The objective of preparing specimens for testing rock is to provide specimens that
are as representative as possible of arock formation.

NOTE AnnexesT to W and X.2 provide more detail on the preparation of rock
specimens for testing and some guidelines.

5.4.2 Requirements

(P It shall be specified how arock specimen is prepared. If these specifications cannot
be met, the specimen shall be prepared as near to the specifications as possible and it
shall be reported how the specimen has been prepared.

(2)P All instruments and assemblies for determining straightness, flatness and
perpendicul arity of end surfaces shall be controlled on aregistered regular time basis
with tolerances satisfying at least the requirements of the specific rock tests.

(3)P The following shall be specified:
the storage conditions for rock samples (short term and/or long term storage);
— the moisture condition of the test specimens at the time of the test;
— the method for preparing rock core specimens,
— the method for determining dimension and shape tolerances.
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(4) Any changein water content should be avoided. If a change in the natural water
content should occur, its effect shall be counteracted as part of the preparation for
testing, if relevant.

(5) The cause and effect of any changein water content should be reported.

(6)P The need for re-coring to a specified dimension shall be defined with reference to
the laboratory coring method, coolant applied and the need for re-saturation of the test
specimens.

(7) Together with the data and results for the particular test, the following should be

recorded and reported:

— the source of test specimen, including depth/level and orientation in space;

— thedates of specimen preparation and testing;

— comments on the representativeness of the specimen(s) tested;

— al dimension and shape measurements, including conformity to requirements;

— thewater content of the sample/specimen (as received, during preparation,
saturated);

— the conditions for drying (air- or oven-drying, pressurised or partial vacuum).

(8) The following information on the samples should be given for the interpretation of

the test results:

— aphysical description of the specimen including rock type (such as sandstone,
limestone, granite, etc.), location and orientation of inherent rock structural features
and any discontinuities, and inclusions or non-homogeneities;

— asketch of the test specimen or a colour photograph for other than monotonous
homogeneous rock types;

— aCoreRecovery and Rock Quality Designation, where possible;

— datato substantiate the tolerance checks on deviations of the right cylindrical form
of the test specimen, from the flatness of the end bearing surfaces and
perpendicularity of the end surfaces with respect to the axis of the core.

55 Testsfor classification, identification and description of soil

5.5.1 General

()P Classification, identification and description of soil shall be made in accordance
with EN 1SO 14688-1 and EN 1S0O14688-2.

NOTE Annex M provides more details on individual classification tests and their
interpretation, and a guideline for the minimum number of samples and testsin one
stratum.

5.5.2 Requirementsfor all classfication tests
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(2) For dl classification tests, special caution should be exercised when choosing the
temperature for oven-drying, as too high a temperature can have detrimental effects on
the value measured.

5.5.3 Water content deter mination

5.5.3.1 Objectiveand requirements

(1) The objective of the test isto determine the water content of a soil material. The
water content is defined as the ratio of the mass of free water to the mass of dry soil.

(2) Soil specimens for measuring the water content should be at least of Quality Class 3,
according to 3.4.

(3) If asample contains more than one soil type, water contents should be determined
on the specimens representing the different soil types.

NOTE Further information on a procedure, presentation and evaluation for the
determination of water content can be found in CEN 1SO/TS 17892-1, (see X.4.1.2).

5.5.3.2 Evaluation of test results

(1)P When evaluating the results, the presence of significant amounts of gypsum, highly
organic soil, materiasin which the pore water contains dissolved solids and soil with
closed pores filled with water, shall be accounted for, when relevant.

(2) The extent to which the water content measured in the laboratory on the soil "as
received” is representative of the "in situ” value should be checked. The effects of the
sampling method, transport and handling, specimen preparation method and laboratory
environment, should be taken into account in this assessment.

(3) For the soil referred to in (1)P, adrying 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.

5.5.4 Bulk dendty determination

5.5.4.1 Objectiveand requirements

(1) Thetest is used to determine the bulk (tota) mass density of a soil, including any
liquid or gas contained.

(2) The test specimens should be at least of Qudlity Class 2, according to 3.4.

(3)P The test method to be used shall be specified.
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NOTE Further information on gprocedure, presentation and evaluation of bulk density
determination can be found in CEN 1SO/TS 17892-2, (see X.4.1.3).

5.5.4.2 Evaluation and useof test results

(1) The evaluation of the test results should consider the possible sample disturbance.

(2) Except in the case of specia sampling methods, the laboratory determination of the
density of a coarse il is generally only approximate.

(3) The bulk density can be used in establishing design values of actions derived from
soil and in processing results of other [aboratory tests.

(4) The bulk density can aso be used in evaluating other soil characteristics. For
example, in conjunction with the water content, in computing the density of dry soil.

5.5.5 Particle dendty determination

5.5.5.1 Objectiveand requirements

(1) The aim of the test isto determine by a conventional method the density of solid soil
particles.

(2)P The choice of the test method to be used shall take the soil type into account.

NOTE Further information on aprocedure, presentation and evaluation of determination
of particle density can be found in CEN I1SO/TS 17892-3, (see X.4.1.4).

5.5.5.2 Evaluation of test results

(P If for aparticular stratum, the measured values of the particle density are not within
the normally expected range of (2 500 to 2 800) kg/m®, the mineralogy of the oil, its
organic matter and its geological origin shall be checked.

55.6 Partideszeanalysis
5.5.6.1 Objectiveand requirements

(1) The objective of the test is to determine the mass percentage of individual particle
size ranges found in the soil.

NOTE Further information on a procedure, presentation and evaluation of particle size
analysis can be found in CEN ISO/TS 17892-4, (see X.4.1.5).
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(2)P Two methods shall be used for particle size analysis, according to the size of the

particles:

— the sieve method for particles > 63 um (or closest sieve available);

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

(3) Equivalent methods may be used, provided that they are calibrated against the two
methods mentioned in (2)P.

(4)P Prior to sedimentation, the specimens of fine soil shall not be dried.

(5) Procedures for the removal of organics, salts and carbonates prior to sieving and
sedimentation or for corrections to account for the presence of carbonates, salts and
organic material should be used, if appropriate.

NOTE Carbonates and organic matter can have a cementing or coagulating effect and
influence the particle size distribution.

(6) It should be taken into account that for some soils, for example chalky soil,
treatment for carbonate removal is unsuitable.

5.5.6.2 Evaluation and useof test results

(1P Thereport shall mention the following:

— thedrying method used;

— whether organics, satsand carbonates have been removed and by which method;

— the carbonate and/or organic content, if relevant;

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

(2) The particle size such that n % of the particles by weight are smaller than that size
can be denoted D,. The particle sizes D19, D3y and Deo, can be used to determine the
coefficient of uniformity and coefficient of curvature.

(3) The particle sizes D15 and Dgs can be used in filter criteriafor soil.

5.5.7 Consstency limitsdeter mination

5.5.7.1 Objectiveand requirements

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

(2) The consistency limits are used to characterise the behaviour of clays and sty soil

when the water content is changing. Classification of clays and silty soil is mainly based
on the consistency limits.
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(3)P Thetesting method to be used for determining the liquid limit (fall cone or
Casagrande apparatus) shall be specified.

(4) In general for the liquid limit, the fall cone method should be preferred to the
Casagrande method. The fall cone method gives more reliable results particularly for
low plasticity soil.

(5) The specimens should at least be of Quality Class 4, according to 3.4, if the test
results are supposed to characterise the soil in situ.

NOTE Further information on a procedure, presentation and evaluation of the
determination of consistency limits can be found in CEN ISO/TS 17892-12, (see
X.4.1.6).

5.5.7.2 Evaluation and useof results

(1) Different geotechnical properties, for example compressibility or optimum water
content, can be derived from correlations with the liquid, or plastic limits.

(2) The value of the plagticity index (Ip) can be computed from liquid and plastic limits.
Ip can beused in soil classification and in correlations with some geotechnical soil
properties, for example with soil strength.

(3) The value of the consistency index (Ic) (or the liquidity index (1)) can be computed
from liquid and plasticity limits and from the current water content of the soil. It can be
used to represent soil consistency and in correlations with some geotechnical properties.

(4) The activity index (Ia) can be computed from |p and the percentage of clay particles.

Ia can beused in soil classification and in correlations with different geotechnical soil
properties, for example with soil strength.
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5.5.8 Determination of thedendty index of granular soil

5.5.8.1 Objectiveand requirements

(1) The density index relates the void ratio of a soil sample to reference values
determined by standard laboratory procedures. It gives an indication of the state of
compaction of afree draining granular soil.

(2)P Thefollowing shall be specified or checked:

— the quantity and quality of samples;

— thetype of testing procedure to be applied;

— the method of preparation of each test specimen.

(3) The tested soil should contain less than 10 % of fines (particles passing through the
0,063 mm sieve) and less than 10 % of gravel (particles retained on the 2 mm sieve).

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

NOTE Further information on aprocedure, presentation and evaluation the
determination of the density index can be found in X.4.1.7.

5.5.8.2 Evaluation and useof test results

(1) When evaluating density indexes, it should be taken into account that the maximum
and minimum densities obtained in the laboratory do not necessarily represent limiting
densities. It is aso generally recognised that these tests give densities with a high degree
of variability.

(2) The density index can be used to characterise the shear strength and the
compressibility of coarse soil.

55.9 Soil digpershbility determination

55.9.1 Objective

(1) The objective of the test isto identify the dispersive characteristics of clayey soil.
Standard tests for classifying soil for engineering purposes do not identify the dispersive
characteristics of asoil. Tests for dispersibility are carried out on clayey soil, primarily
in connection with earth embankments, mineral sealings and other geotechnical
structures in contact with water.

(2) Four test types are considered, (see M.8):
— the pinhole test, which models the action of water flowing aong a crack;
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— the double hydrometer test, which compares the dispersion of clay particlesin plain
water without mechanical stirring with that obtained using a dispersant solution and
mechanical stirring;

— the crumb test, which shows the behaviour of crumbs of soil placed in adilute
solution of sodium hydroxide;

— the determination of soluble satsin the pore water, which allows the correlation of
the percentage of sodium to the total dissolved saltsin a saturation extract.

5.5.9.2 Requirements

(1P Thefollowing shall be specified:

— the storage of samples such that the samples are not allowed to dry before testing;
— thetesting procedures to be gpplied;

— the specimen preparation method.

(2)P Theresults 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, for example
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.

5.5.10 Frost susceptibility

5.5.10.1 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 soil.

(2) Roads, airport runways, railways, buildings on spread foundations, buried pipelines,
dams and other structures can be subject to frost heave due to freezing of a frost-
susceptible soil having access to water. Frost-susceptible soil can be used in its natural
state or as a constructed base for structures.

(3) Therisk of frost heaving may be estimated from correlation with soil classification
properties (particle size digtribution, height of capillary rise and/or fines content) or
from laboratory tests on natural, re-compacted and re-consolidated, or reconstituted
samples.

NOTE  Anexample can befoundinM.9 and X.5.
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5.5.10.2 Requirements

(2) 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 testsin the
laboratory should be run. Examples of soil typesindicating the need of laboratory tests
in addition to correlations to classification properties include organic soil, peat, saline
soil, artificial soil and coarse soil with awide range of grain size.

(2) To determine the frost susceptibility of asoil in its natural state, natural samples
should betested. To estimate the frost susceptibility of a constructed fill, frost heave
tests should be run on re-compacted and then re-consolidated specimens or on
reconstituted specimens.

(3) The frogt susceptibility test in the laboratory is a frost heave test. If the risk of thaw
weakening isto be tested, a California Bearing Ratio test should be carried out after
thawing of the specimen. The re-compacted or reconstituted specimen should be
subjected to one or more freeze-thaw cycles before testing.

5.5.10.3 Evaluation of test results

(1) Theresults 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.

5.6 Chemical testing of soil and groundwater

5.6.1 Requirementsfor all chemical tests

5.6.1.1 Scope

(1) Although the detailed chemical composition of soil is often of limited interest for
civil engineering purposes, the presence of certain chemical constituentsin soil can be
very significant, for example for the durability of the geotechnical structure.

(2) Routine chemical testing in a soil laboratory is usualy limited to organic content
(losson ignition, tota organic content, organic matter), carbonate content, sulfate
content, pH value (acidity or akalinity) and chloride content. This standard deals with
these five chemical tests only.

NOTE 1 Annex N provides more details on each chemical test and its interpretation,
and some guidelines.

NOTE 2 There are other chemical components that may cause an environment very

aggressive to steel and concrete, for example sulfide, magnesium and ammonium. The
corresponding chemical testing is not covered in this standard.
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NOTE 3 Corrosiveness to steel constructionsin soil is usually evaluated by means of
electrical resistivity tests and determination of the redox potential (not covered in this
standard), pH, chlorides and sulfate determinations.

5.6.1.2 Objective

(2) The purpose of the chemical tests described hereinis 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 environmentally related purposes.

5.6.1.3 Requirements

(1P The following requirements shall be specified for al chemical tests:

— the samplesto betested;

— the number of samplesto be tested;

— thetest proceduresto be applied,;

— the pre-treatments including treatment of oversize particles (i.e. D > 2 mm);
— the number of tests per stratum and number of duplicate tests;

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

— theformat of reporting;

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

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

(3) 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 Classes 1 to 3).

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

NOTE Recommended test procedures are available in Annex N.

5.6.1.4 Evaluation of test results

(1P Thetest 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.

5.6.2 Organic content determination

5.6.2.1 Objective
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(2) Organic content tests are used to classify the soil. In soil with little or no clay
particles and carbonate content, the organic content is often determined from the loss on
ignition at a controlled temperature. Other suitable tests can also be used. For example,
organic content can be determined from the mass loss on treatment with hydrogen
peroxide (H20_), which provides a more specific measure of organics.

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

5.6.2.2 Requirements

()P For each test or series of tests, in addition to the list in 5.6.1.3, the following shall
be specified:

the drying temperature;

the ignition temperature;

the required corrections for bound water, carbonates, etc.;

the factor used for converting carbon content into organic content.

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

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

(4)P The organic content shall be reported as a percentage of original dry matter, also
giving the method of determination.

5.6.2.3 Evaluation of test results

(1) Inclays and silty soil with moderate organic content, the errorsinvolved in the
correction for bound water or carbonates can be so large that special testing methods are
necessary.

5.6.3 Carbonate content determination

5.6.3.1 Objective

(1) The carbonate content is used as an index to classify natura carbonate soil and rock
or as an index to indicate the degree of cementation.

(2) Measurement of the carbonate content depends on the reaction with hydrochloric
acid (HCI) which liberates carbon dioxide. It is usually assumed that the only carbonate
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present is calcium carbonate (CaCOs). The carbonate content is calculated from the
content of carbon dioxide measured on treatment of the soil with HCI.

5.6.3.2 Requirements

()P The soil shall be assessed visually before the selection of the appropriate pre-
treatment.

(2) When appropriate, large initial samples can be used to cope with non-homogeneous
carbonate distribution in soil and rock. Representative test samples can be established
by crushing and riffling.

(3)P The carbonate content shall be reported as a percentage of the origina dry matter.

5.6.3.3 Evaluation of testsresults

(1)P Some carbonates, e.g. dolomite, need not dissolve using the standard solution of
hydrochloric acid during the specified time. Special methods shall be used for soil or
rock types containing such carbonates.
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5.6.4 Sulfate content deter mination

5.6.4.1 Objective

(1) The objective of the test is to determine the sulfate content as an index for the
possible detrimental effect of the soil on steel and concrete. All naturally occurring
sulfates, with rare exceptions, are soluble in hydrochloric acid. Some are solublein
water.

(2) The acid-soluble sulfate content is referred to as the total sulfate content, as distinct
from the water-soluble sulfate content. It isimportant to appreciate which valueis
relevant.

(3) Groundwater contai ning dissolved sulfates, especially sodium and magnesium
sulfates, can attack concrete and other materias placed in the ground or on the ground
surface. Classification of soil and groundwater in terms of sulfate content is therefore
necessary so that suitable precautionary measures can be taken, if required.

5.6.4.2 Requirements

(1P 1t shdl be specified for each test or group of tests, whether acid- or water-soluble
sulfate is required for the test, in addition to the items|listed in 5.6.1.3.

(2)P Non-homogeneous soil containing visible crystals of gypsum require large
samples, which shall be crushed, mixed and riffled to provide representative test
specimens. A visual assessment is needed before selecting the appropriate specimen
preparation method.

5.6.4.3 Evaluation of test results

()P The content in SOz or SO, shall be reported as a percentage of dry substance or in
grams per litre, relating to acid- or water-soluble sulfate.

5.6.5 pH valuedetermination (acidity and alkalinity)

5.6.5.1 Objective

(1) The pH value of groundwater or solution soil in water is used to assess the
possibility of excessive acidity or akalinity.

5.6.5.2 Requirements

(1P Thefollowing shall be specified for each test or group of tests, in addition to the
general requirements for chemical testing:
— whether or not the soil shall be dried;
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— theratio of soil to water.
(2)P Standard buffer solutions shall be used for calibration of the pH meter.

(3)P The pH value of the soil suspensions or the groundwater shall be reported. The test
method shall be stated.

5.6.5.3 Evaluation of test results

(2) The evaluation should consider that, in some soil, the measured values can be
influenced by oxidation.

5.6.6 Chloridecontent deter mination

5.6.6.1 Objective

(1) The objective of the test is the determination of the water-soluble or acid-soluble
chloride content so that the salinity of the pore water or soil can be assessed. The results
provide anindex for the possible effect of the groundwater towards concrete, steel,
other materials and soil.

5.6.6.2 Requirements

(1P Thefollowing shall be specified for each test or group of tests, in addition to the
items listed in 5.6.1.3:

— whether water-soluble or acid-soluble chlorides shal be determined,;

— whether or not the soil shall be dried.

(2)P After drying, the soil shall be mixed thoroughly to redistribute any salts which may
have migrated to form a surface crust.

5.6.6.3 Evaluation of test results

()P The chloride content in grams per litre or as a percentage by dry mass of the soil
shall be reported. The test procedures used shall state whether water-soluble or acid-
soluble chlorides have been determined.

5.7 Strength index testing of soil

5.7.1 Objective

(1) The purpose of strength index testsis to determine in arapid and simple manner the
undrained shear strength (c,) of clayey soil.
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(2) This standard covers the following strength index tests:
— laboratory vane test;
— fall conetest.

5.7.2 Requirements

(1P Thetests shall be performed on undisturbed specimens of quality class 1.

NOTE 1 Further information on a procedure, presentation and evaluation for strength
index testing can be found in CEN ISO/TS 17892-6, (see X.4.3).

NOTE 2 Annex O gives information on the strength index tests considered and a
checklist on the test procedures for the tests.

5.7.3 Useof test results

(2) It should be considered that the values of ¢, represent the undrained shear strength of
the soil at its state in the laboratory. They need not represent the undrained strength of
the soil in situ.

(2) Depending on the characteristics of the soil and on the particular strength index test
selected, the test results can be only an approximate estimate of c.

(3) Strength index tests should only be used for design where well-documented,
comparable experience with similar soil exists.

(4) If well-documented, comparable evidence exists, the undrained shear strength
derived from the strength index tests may be used when the sample anal ytical method of
EN 1997-1:2004, D.3 is applied.

(5) The test results may be used to check variability of undrained shear strength within a
Stratum.

5.8 Strength testing of soil

5.8.1 Objective and scope

(1) The objective of the test isto establish the drained and/or undrained shear strength
parameters.

(2) The following strength tests are covered:

— unconfined compression test;

— unconsolidated undrained triaxial compression test;
— consolidated triaxial compression test;
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— trandational shear box test and torsional shear box (ring shear) test.

(3) Trandational and ring shear box tests should be used for testing soil under drained
conditions.

NOTE Under quick strainrate, clays of very low permeability may sometimes be
considered loaded undrained in both types of the shear box apparatus. The test then
gives an indication of the undrained strength.

(4) Inthis section, only strength tests on fully saturated or dry soil are dedt with.

5.8.2 General requirements

(1) For the determination of the shear strength of clay, silt and organic soil, undisturbed
samples (Quality Class 1) should be used. For certain soil or specia purposes, tests can
be carried out on reconstituted or remoulded specimens.

(2) For coarse silts and sands, the test specimens may be re-compacted or reconstituted.
Care should be taken to select a preparation method that reproduces as closely as
possible the structure and density relevant for the design at hand.

(3)P For re-compacted or reconstituted specimens, the composition, density and water
content of the prepared specimens relevant for the in situ conditions and the specimen
preparation method shall be specified.

(4)P For astrength test, the following shall be evaluated or specified:

— the number of tests required;

— the selection of location of test specimensin the recovered samples;

— therequired quality of sample;

— the specimen preparation method;

— the orientation of specimen;

— thetypeof teg;

— theclassification tests that need to be done;

— the consolidation stresses (if applicable);

— thetime for consolidation increments (if applicable);

— the shearing rate;

— thefailure criteria;

— thecriteriafor terminating tests (e.g., strain at which the test shall be stopped);
— the acceptability criteria (e.g. saturation, scatter);

— the accuracy of measurements;

— theformat for presentation of test results;

— any procedure used in addition to those referenced in an accepted standard.

(5) The shear strength of a sample should be determined by a set of three or more tests
under different normal stresses.

(6)P When determining the shear strength of a soil stratum, the following shall be taken
into account:
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— thetype of shearing;
— the specimen preparation method;
— the need for additional classification tests.

(7) If samplesof Quality Class 2 are tested, the effects of the sample disturbance should be
considered in the interpretation of the results.

NOTE Annex P provides a guideline for the minimum number of samples and tests
for one stratum, as well as additional information on the test and its evaluation.

5.8.3 Evaluation and use of test results

()P The presentation of the test results shall include, where applicable:
— the effective stress paths,

— the Mohr circles;

— the stress-strain curves;

— the pore pressure-strain curves,

— the pore pressure parameters.

NOTE Linear extrapolation of the test results can give erroneous values of the
strength of the soil as the failure envelope is generally not astraight line, especially at
low normal stresses.

(2)P The stress range over which the strength parameters have been determined shall be
given.

(3) There are several methods to obtain the stress-strain and strength parameters of soil
in the laboratory and in situ. If appropriate, the results from these different tests should
be compared when evaluating the test results.

(4) The results should be evaluated taking into account the strain rate used for testing.
(5) The compression and direct shear tests provide commonly accepted strength
parameters which may be applied to routine design methods, but which are not
necessarily applicable to other analyses.

(6) It should be considered, that unconfined compression tests and unconsolidated,
undrained compression tests need not represent the undrained strength of the soil in situ.

5.8.4 Unconfined compression test

5.8.4.1 Requirements

(1) The unconfined compression test should be carried out on specimens of soil of
sufficiently low permeability to maintain undrained conditions during the test.
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(2) Delays between trimming and testing should be avoided to prevent change of water
content of specimens.

NOTE Further information on aprocedure, presentation and evaluation for the
unconfined compression test can be found in CEN 1SO/TS 17892-7, (see X.4.4.1).

5.8.4.2 Evaluation and useof test results

(1) Thetest result is the approximate value of the unconfined compressi ve strength of
the tested soil.

(2) The undrained shear strength (c,) may be determined as one half of the measured
unconfined compressive strength.

(3) The effective stresses within the laboratory specimen may deviate from the effective
stresses in situ. The test result need not represent the undrained strength of the soil in
Situ dueto this difference.

5.8.,5 Unconsolidated, undrained triaxial compression test

5.85.1 Requirements

(1P Thetest shall be carried out without allowing any drainage from the specimens.

(2)P During preparation and testing, soil specimens shall not be given access to water
(e.g. from the drainage leads or pore pressure transducers, etc.).

(3)P Water content before and after the test and bulk density before the test shall be
determined for each specimen.

NOTE Further information on a procedure, presentation and evaluation for the
unconsolidated undrained triaxial comprssion test can be found in CEN ISO/TS 17892-
8, (see X.4.4.2).

5.8.5.2 Evaluation and useof test results

(1) The test result isthe undrained shear strength (c,) of the tested soil.

(2) The effective stresses within the laboratory specimen may deviate from the effective
stresses in situ. The test result need not represent the undrained strength of the soil in
Situ dueto this difference.

5.8.6 Consolidated triaxial compression test

5.8.6.1 Requirements
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(1P Thetests shall be performed on undisturbed specimens of quality class 1.

NOTE Further information on aprocedure, presentation and evaluation of the
consolidated triaxial compression test can be found in CEN ISO/TS 17892-9, (see
X.4.4.3).

(2)P For aconsolidated triaxial compression test, the following shall be evaluated or

specified further to 5.8.2:

— the saturation method and saturation criterion;

— the back-pressure required;

— any procedure used in addition to those referenced in an accepted standard (e.g.
lubricated ends, local measurements of strains or pore pressure).

(3)P For consolidated, undrained triaxial tests, the requirements on measuring pore
pressures, and the total stress path for shearing, shall be specified.

(4)P For consolidated drained tests, the volume change measurement device and the
stress path for shearing shall be specified.

(5)P Water content before and after the test and bulk density before the test shall be
determined for each specimen.

(6) One consistency limit determination and particle size analysis should be made per
set of triaxial tests in one stratum.

(7)P Theresults shall clearly state the type of test that was carried out, which strength
parameters are given, the shearing rate and the failure criterion used to select the shear
strength (e.g. peak deviator stress, maximum stress rétio).

(8)P Thereport shall indicate any known deviation from the standard testing procedure,
for example in the degree of saturation of the test specimens, testing procedures,
composition of the specimen or in any other aspect.

(9) In conformity to 2.4.2.3 (4), more advanced laboratory strength tests, such astriaxial
extension tests, simple shear tests, plane strain compression and extension tests, true
triaxial tests, directional shear tests, al with the possibility of anisotropic instead of
isotropic consolidation, should be considered.

5.8.6.2 Evaluation and useof test results

(1) The evaluation of the test results should take into account that undrained shear
strength, pore pressure parameters and stress-strain relationships are affected by sample
disturbance to a greater extent than the drained strength parameters.

NOTE Rédiable stress-strain modulus values, especially in the case of stiff soil, can

only be obtained from advanced tests with special procedures to measure strains and
axial force accurately (see 5.9).
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(2) Depending on the type of test, drained or undrained strength of the soil may be
derived. Accordingly, the values are effective angle of shearing resistance (¢') and
effective cohesion (c'), or undrained shear strength (cy).

(3) The values can be used in both drained and undrained stability analyses
NOTE SeeEN 1997-1:2004, Annex D.

5.8.7 Consolidated direct shear box tests

5.8.7.1 Requirements

(1P Thetests shall be performed on undisturbed specimens of Quality Class 1.

NOTE Further information on aprocedure, presentation and evaluation of the
consolidated direct shear box test can be found in CEN 1SO/TS 17892-10, (see X.4.4.4).

(2)P Thelocation and orientation of the specimen shall be considered carefully so asto
duplicate as closely as possible the in situ conditions. In the translational shear box and
ring shear tests, failure isforced to occur on or near a horizontal plane in the middle of
the test specimen.

(3)P Negative or positive pore water pressures due to shear shall be avoided during the
test as they cannot be measured and accounted for in the interpretation of the test. To
maintain drained conditions, the rate of shearing shall be slow enough so that pore water
pressures may dissipate.

5.8.7.2 Establishment and useof values

(1) Theresults of standard shear box tests represent the strength under drained
conditions. The values are effective angle of shearing resistance and effective cohesion
(se.e NOTE in5.8.1 (3)).

(2) The values can be used in stability analyses

NOTE SeeEN 1997-1:2004, Annex D.

5.9 Compressibility and defor mation testing of soil

5.9.1 General

(1) This standard covers the requirements for measurement of deformation
characteristics of soil in the triaxia apparatus and the oedometer.

5.9.2 Oedometer compressbility testing
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59.2.1 Objective

(1) Inthe oedometer, the cylindrical specimen is confined laterally, and is subjected to
discrete increments of vertical axial loading or unloading and allowed to drain axialy.
Oedometer compression and swelling tests and evaluation of the collapse potential of a
soil are covered.

(2) Alternatively, atest with continuous loading (constant rate of strain) may be carried
out.

(3) The objective of the oedometer incremental compression and swelling testsisto
determine the compression, consolidation and swelling characteristics of soil.

(4) The objective of the collapse potential test is to establish compressibility parameters
for the soil in its unsaturated state, and to evaluate the additiona compression upon
inundation due to structural collapse of the soil.

5.9.2.2 Requirements

(1)P For the determination of the compressibility of a stratum of clay, silt or organic
soil, undisturbed samples (Quality Class 1) shall be used.

NOTE Small strain moduli of soil (e.g. moduli at lessthan 1 % strain for soft to
medium clays) are very sensitive to all perturbations during sampling. According to
3.4.3 (3)P, specific sampling equipment and methods may be used, for example block
sampling or stationary piston sampling or any other method known to give the best
results for the soil to be tested.

(2)P For re-compacted specimens, the composition, density and water content of the
prepared specimens relevant to the in situ conditions and the specimen preparation
method shall be specified.

(3)P When determining the compressibility characteristics of a soil stratum, the
following items shall be taken into account:

— exigting results of field investigations;

— exigting settlement measurements from neighbouring sites;

— the number and quality of samples;

— the number and type of field tests;

— gpecial consideration needed for sensitive and cemented samples,

— the specimen preparation;

— theorientation of the specimen,

— the need for additional classification tests.

(4) Carrying out aternative tests to the incremental oedometer test, for example
constant rate of strain oedometer tests, may be considered.

(5)P Theinitial vertical stress shall not exceed the in situ vertical effective stress.
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NOTE For example for strain-softening clays, an initia stress of one fourth of the in
situ vertical effective stress can be considered an appropriate value.

(6) Inacompression test, the highest vertical stress applied should be well in excess of
the maximum effective vertical stress likely to occur in situ. In a swelling test, the range
of decrements of vertical stress to be applied during the test should include the range of
stresses likely to be gpplied in situ.

(7)P When testing the collapse potential, the test specimens shall be selected with
adeguate consideration of existing knowledge on the behaviour of the soil when
subjected to inundation. The stress on the specimen at which inundation is applied shall
berelated to the range of vertical stresses likely to occur in situ.

NOTE 1 Further information on a procedure, presentation and evaluation of Oedometer
compressibility testing can be found in CEN ISO/TS 17892-5, (see X.4.5).

NOTE 2 Annex Q provides a guideline for the minimum number of samples and tests
for one stratum, as well as additional information on the test and its evaluation.

5.9.2.3 Evaluation and useof test results

(1) The oedometer test results may be used to estimate the yield stress (pre-
consolidation pressure) for clays, organic soil and silty soil.

(2) It should be taken into account that the pre-consolidation pressure determined by the
oedometer test can be greatly affected by sampling disturbance.

(3) The most common vaues to characterise compressibility are the oedometer modulus
(Eoeq), the coefficient of compressibility (m,), the compression index (C.), modified
compression index (Ce), and pre-consolidation pressure (¢',). Unloading and
recompression can be represented by the swelling index. All these quantities are derived
directly from the appropriate parts of the compression curves.

(4) Settlements due to creep can be computed using the coefficient of secondary
compression (C,).

(5) The coefficient of consolidation (c,) can be derived using the one-dimensional
consolidation theory.

(6) Any parameter in 5.9.2.3 (3) can be used for smple analyses of the settlement of
spread foundations.

(7) If sample methods are applied, the oedometer modulus may be used.

NOTE Examples of such sample methods are givenin EN 1997-1:2004, F.1 and F.2

5.9.3 Triaxial deformability testing
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5.9.3.1 Objective

(1) The objective of the triaxial deformability testing of soil isto determine the
deformation moduli (stiffness parameters).

(2) Depending on the loading path, various stiffnesses can be measured.

(3) According to the drainage conditions, drained or undrained moduli (E") or (E,) can
be determined.

(4) Due to the non-linearity of soil behaviour, various moduli, e.g. tangent and/or secant
moduli, may be defined at different stress or strain levels.

5.9.3.2 Requirements

()P For the determination of the stiffness of a stratum of a soil, undisturbed samples
(Quality Class 1) shall be used.

NOTE Small strain moduli of soil (e.g. moduli at lessthan 1 % strain) are very
sensitive to all perturbations during sampling. According to 3.4.3 (3)P, specific
sampling equipment and methods may be used, for example block sampling or
stationary piston sampling or any other method known to give the best results for the
soil to be tested.

(2)P A specia instrumentation capable of measuring stresses and strains with high
resolution shall be used for stiffness determination at strain levels below 0,1 %.

NOTE For determination of very small strain moduli, the techniques based on
propagation of shear waves or other dynamic methods can be used.

(3)P When determining the stiffness characteristics of a soil stratum, the following
items shall be considered:

— thequdlity of samples,

— the sensitivity, saturation, state of consolidation and cementation of soil;

— the specimen preparation;

— theorientation of the specimen.

5.9.3.3 Evaluation and use of test results

(1) The stiffness may be characterised by acomplete curve, or by conventional values.
For example, by the initial Y oung’s modulus of elasticity (Eo),or by the Esg
corresponding to 50 % of the maximum shear stress, etc.

(2) Young' s modulus of elasticity and stress-strain curves of soft, normally consolidated
soil may in some cases be determined from the standard triaxial strength tests.
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5.10 Compaction testing of soil

5.10.1 Scope

(1) This standard covers compaction tests (Proctor tests) and the California Bearing
Ratio test.

NOTE  Annex R provides a guideline for the minimum number of samplesto be
tested for one stratum, as well as additional information on the test and its evaluation.

5.10.2 Compaction tests

5.10.2.1 Objective

(2) Soil compaction tests (Proctor tests) are used to determine the relationship between
dry density and water content when a given compaction effort is applied.

5.10.2.2 Requirements

(1P Thefollowing shall be specified or checked:

— the handling of soil with oversize fractions,

— thetreatment of giff fine-grained oil;

— the specimen preparation and maturing;

— thetesting procedures and compaction effort to be applied;

— whether the equipment (moulds and rammers) used is as specified in the standard(s).

(2) The option of carrying out in situ tests instead of laboratory tests should be
considered for special types of soil.

5.10.2.3 Evaluation and useof test results

()P The compaction characteristics of soil shall be reported together with grain size
distribution curves and proportion of oversize material by dry mass with correction, if

appropriate.
(2) The optimum water content (Wqp) and the corresponding maximum dry density

achieved under the applied compaction effort (pqmx) Can be used in evaluating the
quality of compacted fills.
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5.10.3 California Bearing ratio (CBR) test

5.10.3.1 Objective

(1) The objective of the test isto determine the California Bearing Ratio (CBR) of a
compacted or undisturbed sample.

(2) The CBR value is obtained as the percentage of the standard load corresponding to
the standard penetration, when a cylindrical plunger of a standard cross-sectional areais
made to penetrate into the soil material.

5.10.3.2 Requirements

()P Thefollowing shall be specified or checked:

— the method of preparation of each test specimen;

— how many tests areto be run in a set of test specimens,

— the handling of soil with oversize fractions (D > 16 mm);

— the maturing of specimens;

— whether or not a specimen is to be subjected to soaking;

— if soaking is used, whether swelling is to be measured;

— the surcharge to be applied for soaking and for testing;

— thewater content at which compacted specimens are to be prepared;

— the specimen dry density or compactive effort;

— whether equipment (moulds and rammers) used is as specified in standard;
— whether or not the test is to be carried out on one end or both ends of the specimen.

5.10.3.3 Evaluation and useof test results

(1P The CBR test results shall be reported together with grain size distribution and
proportion of oversize material by dry mass, if relevant.

(2) The CBR value can be used as abasic parameter for the design of flexible
pavements. It can be used to evaluate the potentid strength of sub-grade, sub-base and
base course materials (including recycled materials) for supporting road, railways and
arrfield pavements.

5.11 Permeability testing of soil

5.11.1 Objective

(1) The objective of the test isto establish the coefficient of permeability (hydraulic
conductivity) for water flow through water-saturated soil.
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5.11.2 Requirements

(2)P When determining the coefficient of permeability of a soil stratum, the following
items shall be considered:

— the preferred test type for permeability determination;

— theorientation of the specimen,

— the need for additional classification tests.

NOTE Further information on aprocedure, presentation and evaluation of the
permesability test can be found in CEN 1SO/TS 17892-11, (see X.4.7).

(2)P Depending on the conditions where the test results will be used, the following shall
be specified.

a) Inclay, silt and organic soil:
— the stress conditions under which the specimen isto be tested;
— thecriterion for achieving and maintaining the steady-state flow condition;
— thedirection of flow through the specimen;
— the hydraulic gradient under which the specimen is to be tested,
— the need for back-pressure and the required degree of saturation;,
— thechemistry of percolating fluid.

b) Insand and gravel:
— thedensity index to which the specimen is to be prepared,;
— the hydraulic gradient under which the specimen is to be tested,
— the need for back-pressure and the required degree of saturation.

(3) The hydraulic gradient in the laboratory should be close to that in the field, unless
otherwise required due to a particular problem.

(4)P When selecting the hydraulic gradient, it shall be checked that the gradient in the
laboratory test and the gradient in situ lie within the domain of application of Darcy's
law.

(5) The report should indicate any known deviation from the standard testing procedure,
for example in the degree of saturation of the test specimens, testing procedures,
composition of the specimen or in any other aspect.

(6) For permeability tests on clay, silt or organic soil, only soil specimens of Quality
Classes 1 or 2 should be used.

(7) For sand and gravel materials, specimens of Quality Class 3 and remoulded or re-
compacted soil samples may be used.

(8) It should be checked that the volume changes due to the consolidation of the
specimen shall only negligibly affect the measured permeability.

NOTE  Annex Sprovides aguideline for the minimum number of samples and tests
for one stratum, as well as additional information on the test and its evaluation.
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5.11.3 Evaluation and use of test results

(1) The evaluation should assess:

— the extent to which the boundary conditions (degree of saturation, direction of flow,
hydraulic gradient, stress conditions, density and layering, side leakage and head
lossin filter and tubing) affect the test results;

— how well these conditions match the situation in the field.

(2) For partially saturated soil, much smaller values may be relevant than the values
measured in the case of full saturation.

(3) Due consideration should be given to whether a temperature correction should be
applied.

(4) The coefficient of permesability can be computed from the test dataunder the
assumption that Darcy’ slaw is valid.

(5) The coefficient of permeability can be used in design of excavations and earth dams
to estimate the amount of seepage, to assess the feasibility of groundwater level
management (lowering), to design the sheet pile walls, to estimate seepage pressures,
€tc.

5.12 Testsfor classification of rocks

5.121 General

(1) Thefollowing tests are included in this standard:
— rock identification and description;

— water content;

— density and porosity.

(2) Classification relates to the division of identified rock into specific types defined for
particular civil engineering purposes. The classification is related to mineralogical
components, structure, induration, rock density, water content, porosity and rock
strength.

NOTE  Annex U provides moredetails and guidelines on the classification tests.

5.12.2 Requirementsfor all classification tests

(1P The classification test results shall be reviewed together, compared with drilling
logs, corresponding geophysical logs, photographs of cores and comparable experience.
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(2) The soil and rock classification should be compared with available geological
background information in order to provide an engineering geological model.

(3) Geological maps should be used as a guide for the classification of rock and rock
masses, whenever available.

(4) Second opinion evaluations and the use of typical examples with rock comparisons
may be required in order to achieve a consistent description.

5.12.3 Rock identification and description

5.12.3.1 Objectiveand requirements

(1) Theidentification and description of rock material and mass are carried out on the
basis of mineralogical composition, predominant grain size, genetic group, structure,
weathering and other components. The description may be carried out on cores and
other samples of natural rock and on rock massesin situ.

(2)P The laboratory procedure shall conform to EN 1SO 14689-1.

(3) More detailed description of rock may be applied. Then the following should be
specified:

— therock classification system;

— the need for advanced geological analyses;
— theformat of reporting.

(4) Rock identification and description should be carried out on al samplesreceived in
the laboratory, regardless of rock homogeneity, as the identification and description
congtitutes the framework for al testing and evaluations.

5.12.3.2 Evaluation of results

(2) The classification of the rock mass using cores should be based on the highest
possible core recovery to identify discontinuities and possible cavities.

(2) The disturbance of the core from the drilling process should be evaluated since most
rock mass quality designations relate to the fractures found in the cores and their
quality.

5.124 Water content deter mination

5.12.4.1 Objectiveand requirements

()P With the exception of rocks mentioned in 5.12.4.2 (2), water content of rock shall
be determined by oven-drying at (105 + 5) °C.
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(2)P Measures shall be specified to retain water during sampling and storage, if
relevant.

(3)P The following shall be specified:

the selection of test samples;
— the storagein the laboratory before testing;
— possible re-saturation of desccated samples using vacuum saturation technique;
— the number of tests per strata;
— the number of teststo berunin parallel with other tests from the same formation;
— the number of accuracy checksto be run.

(4) A minimum sample of at least 50 g or a core piece with adimension of at least 10
times the maximum grain size of mineral components should be used.

(5)P Thereport shall state whether the measured water content corresponds to the in situ
water content.

5.12.4.2 Evaluation of test results

(1) Theresults of the determination of the water content should be compared with the
fully-saturated water content as a function of the density (or porosity) of the test
specimen. Anomalous results should be investigated by repeated testing.

(2) Rock types with significant amounts of gypsum should be tested at 50 °C as the
bound water may partly dehydrate at 105 °C.

(3) For rock types in which the pore water contains dissolved salts or rock types with
closed pores, the reported water content should be evaluated in this respect.

(4) The water content should be used for correlation of strength and deformation
characteristics of the rock typesin boreholes and at test Sites.

(5) Comparisons with available correlations of water content and rock type should be
made.

5.125 Dendty and porosity determination

5.125.1 Objectiveand requirements

(1) Thetest is used to determine the bulk and dry density to obtain the porosity and
related properties of arock sample. The bulk and dry density is derived based on weight
analyses provided reliable determination of the sample volume is available.

(2) The pore volume may be calculated based on the dry density and the particle density

determined using methods as for soil, provided no closed pores exist in the rock
specimen. Porosity is the ratio of pore volumeto total volume.
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(3)P The following shall be specified:
the selection of test samples;
— the conditions of storage before testing;
— whether desiccated samples are to be re-saturated and by which technique;
— the number of tests required per formation;
— whether parallel tests are to be run on the same formation.

(4) A test specimen of at least 50 g, with a minimum dimension of 10 times the
maximum grain size of the mineral components, should be tested.

NOTE Asno ISO/CEN standard for testing of rock is currently available, the general
requirements in U.4 and the laboratory methods described in X.4.9.3 can be gpplied.
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5.125.2 Evaluation of test results

(1P The density and porosity should be integrated in the reporting of rock description
and established strength and deformation characteristics of the rock typesin boreholes
and at test Sites.

(2) The density and porosity results should be used for comparison of rock strength and
deformation properties and to establish correlations for the different rock types.

(3) The existence of closed pores can influence the porosity. The determination of the
tota pore volume should be based on the density of solids of a powdered sample.

NOTE Further information on a procedure, presentation and evaluation of density and
porosity determination can be found in CEN ISO/TS 17892-3, (see X.4.9.3). .

5.13 Swelling testing of rock material

5.13.1 General

(1) This standard deals with the fol lowing tests for determination of swelling potential
exposed to wetting and drying or unloading in an aqueous environment:

— the swelling pressure index under conditions of zero volume change;

— the swelling strain index for radially-confined specimens with axia surcharge;

— the swelling strain developed in unconfined rock specimens.

NOTE Somerock materials, notably those with high clay content, are prone to
swelling, weakening and disintegration when exposed to wetting and drying or
unloading in an agueous environment. The index tests provide an indication to estimate
swelling properties under well-controlled conditions. The tests are usually done on
softer rock materials like claystone and shale. The tests can be used for the
characterization of harder rocks subjected to weathering.

(2) Rocks that disintegrate during the tests should be further classified using relevant
soil classification tests such as the shrinkage, liquid and plastic limits, particle size
distribution and the type and content of clay minerals.

NOTE Annex V provides moredetails on each of the swelling tests and their
interpretation as well as some guidelines.

5.13.2 General requirements
(2) The specimens should conform closely to the practice recommended for right
cylinders or for rectangular prisms. The sample size should allow for preparation of test

specimens by re-coring and/or machining in alathe, with the axis for one direction of
the swell measurement perpendicular to abedding or foliation.
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NOTE For recommendations for right cylinders and rectangular prisms, see X.4.8.

(2)P The following shall be specified:
the selection of test samples;

— thetest specimen preparation, orientation and dimensions;

— the numbers of test per formation required;

— thetest method, equipment and calibrations;

— thewater to be used (natural or distilled water, water chemistry);

— therecording period,;

— the need for curves of swell pressure or displacement as afunction of time elapsed
since flooding;

— the selection of required additional parameters;

— thereporting requirements.

5.13.3 Evaluation of test results

(1P Theresults shall be reviewed in the light of the description, and classification
parameters shall be established.

(2) The value used in design derived from laboratory tests should be compared with
field experience with comparable rock types under similar climatic, loading and wetting
conditions.

(3) The short and especialy long term weathering processes of swelling, weakening or
disintegration due to wetting and drying may only be partly mirrored by the laboratory
tests, even for similar conditions of loading and water content, because of the influence
of among others natural fissuring, stress, drainage and pore water chemistry.

5.13.4 Swelling pressureindex under zero volume change

5.13.4.1 Objectiveand requirements

(1) Thetest isintended to measure the pressure necessary to constrain an undisturbed
rock specimen at constant volume when immersed in water.

(2) Thetest may be used to estimate the swell pressure in situ by comparison of
documented experience for the rock stratum.

(3)P Thetest specimen shall be cored using Category A sampling methods.
NOTE  Thetest can be carried out following the recommendation givenin V.2.

5.13.4.2 Evaluation of test results
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()P The applied force to maintain the condition of zero volume change shall be
corrected for the deformation in the test cell system itself (ball bearings and bedding of
filter stones towards the end platens).

(2) The maximum swell pressure under zero volume change should be used as an upper
limit of swell pressure under the specified laboratory conditions.

(3) Before the laboratory-determined maximum swell pressure isused in design, field
evidence should be taken into consideration related to short and especially long term
weathering processes of swelling, weakening or disintegration due to wetting and
drying, loading conditions, water content and pore water chemistry.
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5.13.5 Swelling strain index for radially-confined specimens with axial surcharge

5.13.5.1 Objectiveand requirements

(1) Thetest isintended to measure the axia swelling strain developed against a constant
axial surcharge, when aradiallyconfined, undisturbed rock specimen isimmersed in
water.

(2)P Thetest specimen shall be cored using Category A sampling methods.

NOTE Thetest can be carried out following the recommendation givenin V.3.

5.13.5.2 Evaluation of test results

(1)P The measured strain under the applied force during the test stages shall be
corrected for the deformation in the test cell system itself (ball bearings and bedding of
filter stones towards the end platens).

(2) The axial swelling strain under constant axial surcharge should be used to estimate
the swell potential in situ taking into account the documented experience for the rock
stratum.

(3) Depending on the applied vertical stress, the test provides background for the
evaluation of the vertical heave or the lateral deformation of arock/structure interface.

5.13.6 Swelling strain developed in unconfined rock specimen

5.13.6.1 Objectiveand requirements

(1) Thetest isintended to measure the swelling strain developed when an unconfined
undisturbed rock specimen isimmersed in water.

(2)P Thetest shall only be applied to specimens prepared from at least category B
sampling methods that do not change their geometry appreciably during testing.

(3) It isadvised that slaking, less durable, rocks should be tested using a confined
swelling test.

NOTE  Thetest may be carried out following the recommendation given in V.4.

(4P Thereport shall clearly indicate that the specimen was not radially confined during
the swelling test.

5.13.6.2 Evaluation of test results
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(1) Thetest may be used to estimate the swell potential in situ by comparison to
documented experience for the rock stratum.

(2) Unconfined swelling strains and their directions with respect to bedding or foliation
should be used only as an estimate of in situ swelling potential.

5.14 Strength testing of rock material

5.141 General

(1) This standard includes five laboratory methods for determining the strength of rock:
— theuniaxial compression and deformability test;

— thepoint load test;

— thedirect shear test;

— theBrazil test;

— thetriaxial compression test.

NOTE  Annex W provides more detail on each strength test and its interpretation.

5.14.2 Requirementsfor all strength tests

(1P Thefollowing shall be specified:
— the samplesthat are to be tested,;

— the specimen preparation;

— the number of tests per formation;
— any required additional parameters,
— thetesting methods.

NOTE  Annex W provides a guideline for the minimum number of test specimens to
be tested for one formation for uniaxial compression tests, Brazil tests and triaxial tests
for projects of geotechnical category 2 with respect to standard deviations of measured
strength and comparable experience.

5.14.3 Evaluation of test results

(1) The evaluation of the test results should include comparison with recognised
databases to help screen the data for anomalous results, while accounting for the natural
range in compressive strength and deformation parametersin rock, and correlations with
theresults of classification tests.

(2) All test results should be grouped and analysed with respect to the geological
description and classification properties using statistical methods when appropriate.

(3) The values can be used to evaluate in situ strength and deformation properties and to
classify rock element and rock mass properties.
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5.14.4 Uniaxial compresson and defor mability test

5.144.1 Objectiveand requirements

(1) Theuniaxial compresson test measures the compressive strength, the Young's
elasticity modulus and Poisson’ sratio of cylindrica test specimens of rock.

(2) Thetest isintended for classification and characterisation of intact rock.

(3)P Thefollowing shall be specified in addition to the requirementsin 5.14.2:

— the specimen orientation and dimensions;

— thetesting method,;

— if relevant, the definition of modulus (tangent, average or secant) and Poisson’ s ratio
asafunction of stressor strain.

(4)P Thetest specimens shall be prepared from cores taken with Category A sampling.
NOTE Recommendationsfor such tests are given in Annex W.

5.14.4.2 Evaluation of test results

(1) The uniaxial compression strength should be determined as the maximum vertical
stress obtained during the compression test.

(2) The elasticity modulus defined as the ratio of the axial stress change to axial strain

produced by the stress change should be determined using one of the three definitions

below:

— thetangent Y oung' s modulus of easticity measured at afixed percentage of
ultimate strength (i.e. 50 %);

— themean value of Young' s modulus of dasticity from the linear section of the axial
stress-strain curve,

— the secant modulus measured from zero stress to some fixed percentage of ultimate
strength (i.e. 50 %).

(3) The Poisson’ sratio should be determined as the slope of the radial strain versus
axial strain curve.

(4) Young' s elasticity modulus and Poisson’ s ratio should be calculated within the same
interval of vertical stress.

(5) Test results should be evaluated with respect to rock classification properties and the
rupture pattern illustrated by a sketch of the tested rock specimen.

(6) The unconfined compression strength (oc) can be used as a classification parameter
for the intact rock quaity and it could be used in combination with triaxial compression
test resultsin a Mohr diagram to define the M ohr-Coulomb rupture parameters angle of
shearing resistance (¢ )and cohesion (c).
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NOTE  Young selasticity modulus (E) and Poisson’sratio (V) may be used for
settlement calculation according to EN 1997-1:2004, Annex F.

5.145 Point load test

5.145.1 Objectiveand requirements

(1) The point load test isintended as a strength index test for the classification of rock
materials. The test results can also be used for estimating the strength of a group of
rocks of the same range of competence.

(2) The point load test is not adirect way to measure rock strength but an index test.
The correlation between point load test results and strength should be documented in
each case.

(3)P In addition to the requirementsin 5.14.2 (1)P, the testing methods with reference to
cores, blocks and irregular lumps shall be specified.

(4)P Thetest specimens shall be prepared from cores taken with Category A sampling.
(5) Test specimens of blocks and irregular lumps taken in pits may be used provided
thisis reported accordingly and the rock specimens are taken using Category B
sampling.

NOTE Recommendations for such atest are givenin W.2.

5.145.2 Evaluation of test results

(1)P Because of large variability, the evaluation of rock characterisation and predictions
of other strength parameters shall be based on a statistical approach. From test data
consisting of at least 10 sngle tests, the two highest and two lowest values shall be
deleted before calculating the mean from the remaining.

(2) In order to classify samples or strata using a mean value of Point Load Strength
Index, the minimum number of tests should be five.

(3) The test measures the Point Load Strength Index of rock specimens and their
Strength Anisotropy Index, which is the ratio of the Point Load Strengthsin directions,
which give the greatest and least values.

5.14.6 Direct shear test

5.14.6.1 Objectiveand requirements
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(2) Thedirect shear test measures peak and residua direct shear strength as afunction
of the stress normal to the plane of shearing.

(2) This standard deals with the laboratory testing for the determination of the basic
shear strength parameters and the surface characteristics of adiscontinuity that controls
the shear strength.

(3) If the surface characteristics of adiscontinuity that controls the shear strength are
determined, an accurate description should be made, including type and roughness of
thejoint, type and thickness of fill material, and the presence of water in the joint.

(4)P The following shall be specified in addition to the requirementsin 5.14.2 (1)P:
— thetest specimen orientation and dimensions,

— the specifications of the testing machine;

— therate of shear displacement during test;

— the selection of normal stress to be maintained during the single shear tests.

(5)P Thetest specimens shall be prepared from cores taken with category A sampling or
from blocks taken in a pit using at least Category B sampling.

NOTE Recommendations for such atest are givenin W.3.

5.14.6.2 Evaluation of test results

(1) The evaluation of test results of shear strength versus stress perpendicular to the
rupture plane should include a study of the shearing plane in order to take into account
bedding and schistosity, cleavage of the rock specimen, the interface properties between
rock and concrete, or what was tested.

(2) Shear strength parameters angle of shearing resistance (¢) and cohesion (c) may be
established using a number of shear tests on different specimens taken from arock
stratum using Mohr-Coulombs rupture criterion. Alternatively, residual parameters may
be found using multiple testing with different normal stresses on an established rupture
plane.

(3) The test measures the shear strength in aforced rupture plane under certain stresses
perpendicular to the rupture plane. Peak and residua shear strength after some shear
deformation can be established. Usually the rupture plan is intentionally established
aong a known discontinuity.

(4) Thetest isintended for strength classification and characterization of intact rock and
should not be used without geological correlation and rock classification for field
conditions.

5.14.7 Brazil test

5.14.7.1 Objectiveand requirements
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(1) The Brazil test isintended to measure indirectly the uniaxial tensile strength of a
cylindrical rock specimen.

(2)P The following shall be specified in addition to the requirementsin 5.14.2 (1)P:
— thetest specimen orientation and dimensions,
— thetesting method.

(3)P Dueto the variability of the test results, duplicate testing of test specimens cut in
parallel shall be performed.

(4) For shales and other anisotropic rock, it is recommended to cut test specimens
parallel to and perpendicular to bedding. For specimens cut parallel to bedding, the
direction of the load related to bedding should be specified.

(5)P Thetest specimens shall be prepared from cores taken with category A sampling.
NOTE Recommendations for such atest are givenin W.4.

5.14.7.2 Evaluation of test results

(1) The evaluation of tensile strength should take into consideration that the presence of
hidden weakness planes in the test specimen may disturb the result and the failure plane
should be sketched after test and evaluated.

(2) Thetest provides an indirect determination of the tensile strength ot in aforced
rupture plane.

(3) The tensile strength (o) may be used as a classification parameter for the intact rock
quality and it may be used in a Mohr diagram at a corresponding maximal stress o,
together with Mohr circles from uniaxial or triaxial compression tests to define the
Mohr-Coulomb strength parameters angle of shearing resistance (¢) and cohesion (c).

(4) Thetest isintended for strength classification and characterisation of intact rock and
the test results should not be used without geological correlation and rock classification
for field conditions.

5.14.8 Triaxial compression test

5.14.8.1 Objectiveand requirements

(1) Thetriaxial compression test isintended to measure the strength of cylindrical rock
specimens subjected to triaxial compression. A number of tests provide the values
necessary to determine the strength envelope in a Mohr-Coulomb diagram. From this
envelope, the angle of shearing resistance and the cohesion intercept may be
determined.

NOTE No provisions are usually made for drainage of the pore water, nor for the
measurement of pore water pressure. In certain rock types (e.g. shales and porous
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limestone and chalk) and under certain conditions, the pore water pressure may
influence the results. For such rock types, advanced triaxial test systems allowing for
measuring pore water pressure and volumetric strains are necessary. Such testing may
include similar measuring techniques as used for uniaxial compressive strength
accordingto W.1.

(2)P In addition to the requirementsin 5.14.2 (1)P, the test specimen orientation and
dimensions, reflecting the testing method shall be specified.

(3)P Thetest specimens shall be prepared from cores taken with Category A sampling.

NOTE  Recommendationsfor such tests are given in W.5.
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5.14.8.2 Evaluation of test results

(2) A triaxial test consists of a series of compression tests carried out under different
confining pressuresin atriaxial cell. A strength envelope of confining pressures versus
axial stress at rupture can be used to establish the Mohr-Coulomb strength parameters ¢
(angle of shearing resistance) and ¢ (cohesion).

(2) The homogeneity of a series of test pecimens to establish the test parameters should
be evaluated based on the geological description and rock classification parameters.

(3) The determined strength parameters relate to intact rock. In situ properties can only

be established taking into account the scaling-up from element testing of intact rock to
the mass properties of the rock in situ.
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6 Ground investigation report

6.1 General requirements

()P The results of a geotechnical investigation shall be compiled in the Ground
Investigation Report which shall form a part of the Geotechnical Design Report.

(2)P The Ground Investigation Report shall consist of, if appropriate

— apresentation of al available geotechnical information including geological
features and relevant data;

— ageotechnical evaluation of the information, stating the assumptions made in the
interpretation of the test results.

(3) The information may be presented as one report or as separate parts.
(4) The Ground Investigation Report may include derived values.

(5) P The Ground Investigation Report shall state known limitations of the results, if
appropriate.

(6) The Ground Investigation Report should propose necessary further field and
l[aboratory investigations, with comments justifying the need for this further work.
Such proposals should be accompanied by a detailed programme for the further
investigations to be carried out.

6.2 Presentation of geotechnical information

(1)P The presentation of geotechnical information shall include afactua account of
al field and laboratory investigations.

(2) The factual account should include the following information, as relevant:

— the purpose and scope of the geotechnical investigation including a description of
the site and its topography, of the planned structure and the stage of the planning
the account isreferring to;

— aclassification of the structure into a geotechnical category;

— the names of all consultants and subcontractors;

— the dates between which field and laboratory investigations were performed,;

— thefield reconnaissance of the site of the project and the surrounding area noting
particularly:

a) evidence of groundwater;

b) behaviour of neighbouring structures;

C) exposuresin quarries and borrow areas,

d) areasof instability;

€) any exposuresof mining activity at the site and in the neighbourhood;
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f) difficulties during excavation;

g) history of the site;

h) geology of the site, including faulting;

i) survey datawith plans showing the structure and the location of all
investigation points,

j) information from aeria photographs;

k) local experienceinthe area;

[) information about the seismicity of the area.

(3)P The presentation of geotechnical information shall include documentation of the
methods, procedures and results including all relevant reports of:

— desk studies,

— field invedtigations, such as sampling, field tests and groundwater measurements,
— laboratory tests.

(4)P The results of the field and laboratory investigations shall be presented and
reported according to the requirements defined in the EN and/or 1SO standards
applied in the investigations.

6.3 Evaluation of geotechnical information

()P The evaluation of the geotechnical information shall be documented and include,

if appropriate:

— theresults of the field investigations and laboratory tests evaluated according to
Sections 3 to 5 of this standard;

— areview of the results of the site and laboratory investigations and all other
information listed in 6.2;

— adescription of the geometry of the strata;

— detailed descriptions of al strataincluding their physical properties and their
deformation and strength characteristics, referring to the results of the
investigations;

— comments on irregularities such as cavities and zones of discontinuous material.

(2)P Documented shall be, if appropriate:

— theresults were interpreted taking into account the groundwater table, ground
type, drilling method, sampling method, transport, handling and specimen
preparation;

— the strata subdivision assumed from desk studies and site inspections were
reconsidered in light of the results obtained.

(3) The documentation of the evaluation of the geotechnical information should

include as gppropriate:

— thetabulation and graphical presentation of the results of field investigation and
l[aboratory testing in cross-sections of the ground showing the relevant strata and
their boundaries including the groundwater table in relation to the requirements of
the project;

— the values of the geotechnical parameters for each stratum;
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— areview of the derived values of geotechnical parameters (see 6.4).

(4) Averaging can mask the presence of aweaker zone and should be used with
caution. It isimportant that weak zones are identified. Variations in geotechnical
parameters or coefficients can indicate significant variations in site conditions.

(5) The documentation should include comparisons of the specific results with
experience for each geotechnical parameter, giving special consideration to
anomalous results for a given stratum when compared with any results from other
types of laboratory and field tests capable of measuring the same geotechnical
parameter.

(6) The documentation of the evaluation should substantiate the following aspect:
sratain which ground parameters differ only slightly may be considered as one
sratum.

(7) A sequence of fine layers with greatly differing composition and/or mechanical
properties may be considered as one stratum if the overall behaviour is relevant, and
the behaviour can be adequately represented by ground parameters selected for the
sratum.

(8) When deriving the boundary between different ground layers and the groundwater
level, there may be interpolated linearly between the investigation points provided the
spacing is sufficiently small and the geological conditions are sufficiently
homogeneous. Such application of linear interpolations and their justification should
be reported.

6.4 Establishment of derived values

(1P If correlations have been used to derive geotechnical parameters or coefficients,
the correlations and their applicability shall be documented.
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Annex A
(informative)

List of test results of geotechnical test ssandards

(1) InTable A.1, field and laboratory tests are listed together with the respective test
results which should be presented in the Ground Investigation Report (if applicable).

Table A.1 — List of test results of geotechnical standards

Field test @ Test results

CPT Cone penetration resistance gc
Local unit side friction fg
Friction ratio R

CPTU Corrected cone resistance g

Local unit side friction f
Measured pore pressure u

Dynamic probing

Number of blows N, for the following tests: DPL,
DPM, DPH
Number of blows Nig or Ny for the DPSH test

SPT

Number of blows N
Energy correction E;
Soil description

Ménard pressuremeter test

Pressuremeter modulus Ey
Creep pressure ps

Limit pressure pLm
Expansion curve

Flexible dilatometer test

Dilatometer modulus Egpt
Deformation curve

All other pressuremeter tests

Expansion curve

Field vane test

Undrained shear strength (uncorrected) cr,
Remoulded undrained shear strength ¢,
Torque-rotation curve

Weight sounding test

Continuous record of weight sounding resistance

Weight sounding resistance is:

— dther the penetration depth for a sandard load;

— or the number of half-turns required for every
0,2 m penetration, at the standard load of 1 kN

Plate loading test

Ultimate contact pressure p,

Flat dilatometer test

Corrected lift-off pressure po

Corrected expansion pressurep; at 1,1 mm
Dilatometer modulus Epyt, material index Ipyt and
horizontal stressindex Kput
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Table A.1 (continued)

Laboratory test °

Test results

Water content (soil)

Value of w

Bulk mass density (soil)

Vaueof p

Particle mass density (soil)

Value of ps

Particle size distribution
(s0il)

Grain size distribution curve

Consistency limits (soil)

Plastic and liquid limit values wp, W

Density index (soil)

Values of enax, eninand Ip

Organic content (soil)

Value of organic content Cop

Carbonate content (soil)

Vaue of carbonate content Ccacos

Sulfate content (soil)

Vaue of sulfate content Csps Or Cso

Chloride content (soil)

Value of chloride content Cg

pH (soil)

Value of pH

Compressibility oedometer
(s0il)

Compressibility curve (different options)
Consolidation curves (different options)
Secondary compression curve (creep curve)

Values of [Eoed (Stressinterval) and o' or [Cs, C,
o'l

Vaueof C,

Laboratory vane (soil)

Value of strength index ¢,

Fall cone (soil)

Value of strength index ¢,

Unconfined compression
(s0il)

Value of strength index qy = 2¢,

Unconsolidated undrained
compression (soil)

Value of undrained shear strength c,

Consolidated triaxial
compression (soil)

Stress-gtrain curve(s) and pore pressure curve
Stress paths

Mobhr circles

c, ¢ orcy

Variations of ¢, with ¢'¢

Deformation parameter(s) E' or E,

Consolidated direct shear
box (soil)

Stress-displacement curve
o diagram

¢, ¢

Residual parameters

Cdlifornia bearing ratio
(soil)

Value of the CBR index |cgr
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Laboratory test °

Test results

Permeability (soil)

Value of permeability k:

—  fromdirect laboratory permeability test
—  from field permeability tests

—  from oedometer test

Water content (rock)

Value of w

Density and porosity (rock)

Value of pand n

Swelling (rock)

Swelling Strain Index
Swelling pressure

Free swell

Swell under constant load

Uniaxial compression and
deformability (rock)

Vaueof oc
Vaue of deformation modulus E
Vaue of Poisson’'sratio v

Point-load test (rock)

Strength index lsso

Direct shear test (rock)

Stress-displacement curve
Mohr diagram
c, ¢

Residual parameters

Brazil test (rock)

Tensile strength or

Triaxial compression test
(rock)

Stress-gtrain curve(s)

Stress paths

Mobhr circles

c,¢

Values of deformation modulus E and Poisson’s
ratio v

a See Section 4.
b See Section 5.
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Annex B
(informative)

Planning of geotechnical investigations

B.1 Stages of ground investigationsin geotechnical desgn, execution of worksand
exploitation of the structure

| STRATEGY FOR DESIGN | Proposed structure | Geology | | Existing information and experience |

v v v

| Strategy for geotechnical design | | EC7 Parts 1-2 |
| GEOTECHNICAL INVESTIGATIONS |<==> DESIGN
Planning and reevaluation of the | Proposed structure |
investigation program | EC7 Parts 1-2 | /
| Geology ’—Pi Geological model | Evaluation of
geotechnical
Field investigations parameters and
Field sampling and _»I Test results | coefficients —>| Geotechnical model
testing standards EC7,

parts 1 and 2

->| Test results | +

Laboratory investigations

| Laboratory standards |

Design Geotechnical design report
| Reporting |_> B _Groynd - geotechnical
investigation report - structural Design report (final project)

/ v\

Specifications - -
Program for inspection,

EC7 part 1 supervision and monitoring

Call for bids based on a project

EXECUTION OF WORKS

| Execution studies |—>| Execution project

Inspections, supervision and Report from inspection,
monitoring during construction supervision and monitoring

Reception of the structure

EXPLOITATION OF STRUCTURE

Inspections and monitoring Report from inspection,
for maintenance "1 supervision and monitoring

122



€ct

afiexea| BB\ B3R lns
30048y Ul BuLInNss1y Jo %98yD
aJe1uns o014 pue dnajd
USMIB( 1921U09 JO 43B/YD
uolfepunoy ajid

ubseQ
poymew
uoIrepunoy

Jo 801040 euld

OM9 ‘(001 paseyremul ‘1rg
LIANd) LAY ‘SO ‘dL ul ‘saunssiy
10 Buiddew ‘M IN Yyim ¥S
uollepuno} mojeus 10 9jid

(Se)

J0¥S ‘1dS ‘14D ‘'dQ)
{0014 YeaM Jo PN

u| "3S ‘selnunuodsIp Jo
Buidde |\ ‘uondedsul alis

400y

SIETIETIES
(1dD) ssauis 8y Jo %99Ud

OMD ‘(17d)
‘LING Jo ‘1rg ‘1 INd A[gssod
(d1 'SV ‘SO ‘sd) burdwes

MO ‘LING ‘LIND ‘dL

Sise) BuIALp 3l ‘T1d
uoIepuUNOJ 3|id

dS 10 IdS 'dd ‘1dD 'SS
uoIrEepuNo} a|id

adA) 10s 8y Jo %98yYD ubsaQg 1dS 'dd+1dD poylw | P
UOIFEPUNO} MO|fRUS pouBL otrepuno} mollus | uomepunoy | 7 59 Lom%nv_ @Ewgmm
Sepwoulau| uolepuno} JO 821040
SjUBWR[NIES ‘OMO | Jo8210yd U (11d) ‘'OMD ‘LINa|  Aruiwipid 108 55120
SIUBLLIB INSEBLL S/M SSOUIS ‘14 ‘(SV ‘SO ‘sd) buljduwres : °
s1se1 Buinup 8| d ‘id 1dS Joda ‘1dd
uolrepunojajid uolrepunoj ajid
SIUSWIB119S MO ‘109 ‘1INd
(1dD) Ssau4ns ayp Jo 3oeyD 10 |INQ ‘1Ad ‘(d1 ‘SO ‘SO
adA1 ios 8y} Jo 12/YD UBseQ 'Sd) Bulidwes ‘da ‘1d0 0SS — MO ‘LINd (SO
UOII2PUNOJ MO|RUS ! UOII2PUNOJ MO|RUS POy SO 'l ‘sq) Bbuiduwes
slepwoulu| PoupL HoHeEpUno) 1dS10dA ‘ss ‘1dD
Sxounms .o.\_,> o | uompuno; o (71d) OMD ‘LN JO 921040
SleUBINSEW aemesg || 0P RUd ) LA (SO 'SO ‘sd) bulidwes | Arulwipid 1105 SUI

‘uonoadsul alg
'SOAIYDIY
‘uoepidel
-ojoyd

LY sdew
[ea16o0j0ab0.ipAy
pue oI6o|oab
‘eoiydelbodor
Jo Apnis ¥seQ

Heis

suolel

BiiseAul |011U0D

suolrebisanul ubisaqg

suolirebsaaul Areulwip id

safels 1Us lBJJIp Ul'spoyew uoiebisaAul punoJb Jo uoioe s ayl Joajdwex3 — T ga|qel

(3 900Z:2-266T N34d

safels U B JJIp Ul'spoypew uolebisaAul punoJb Jo uoieps Z'd




et

1eyd MOJ} SIY1 Uuo pajussald Jou a.e S1sa] Aloriode ]
14eyo Siy1 ul papnijoul 1ou ale buibBo| pue Bu ikening
S9I0N

WRISAS Paso|0 Y1IM SIUBLUSINSEsLW JBIRMPUN0ISD DD
WwelsAs uado Y1Im S1uswa Insesil JBIeMPUNoIS OO
SlUBLWRINSESW JBIRMPUN0ID  A\D

SUBWB INSEsLl ,BIBMPUNO 19

Buidwes nd 91 d1
Bldwesuwedo SO
B|dwes BNy SV
Bldwesalod SO
Jo|dwes uosid Sd
Buldwes

191 eBWOR[ID X0 1dd

’a1peo|a|d  id

SluBWRINsesW JIuslPS 35S

Bulljup ajiym Buunses - AMIN

|1peojskld  Ld

I=|18uenppRH  1INAd

a1 elwok(id 1INd

1se] eleweunssald 1 IAd

1591 UoleJeuad plepuels 1dS

Buipiods.ainssaid alod yiim) 1591 uoleleuad auo) (N)1dd
(1SM ‘121 bBulpunocs ybiem ‘63) Bulpunos oIS SS
Bulpunos spol/llos HS

Buiqosd oiweuAg  4a

se12elajoypiog  Irg

Buse1 ppid

suoneINe Iqqy

aJe1INns X204 8yl ul Bulnssij
pUe LOITeul oul JO %9eUD
UOIT2pUNO} MO|RUS

(Penunuoo) z'gs|qe L

(3) 900Z:2-266T N3ud




prEN 1997-2:2006 (E)

B.3 Examples of recommendations for the spacing and depth of investigations

(1) The following spacing of investigation points should be used as guidance:

— for high-rise and industrial structures, a grid pattern with points at 15 m to 40 m distance;

— for large-area structures, a grid pattern with points a not more than 60 m distance;

— for linear structures (roads, railways, channels, pipelines, dikes, tunnels, retaining walls), a
spacing of 20 mto 200 m;

— for gpecial gructures (e.g. bridges, stacks, machinery foundations), two to six
investigation points per foundation;

— for damsand weirs, 25 m to 75 m distance, along vertical sections.

(2) For the investigation depth z, the following values should be used as guidance. (The
reference level for z, isthe lowest point of the foundation of the structure or structural
element, or the excavation base.) Where more than one alternative is specified for establishing
Z,, the one which yields the largest value should be applied.

NOTE For very large or highly complex projects, some of the investigation points should
extend to greater depths than those specified under B.3 (5) to B.3 (13).

(3) Greater investigation depths should aways be selected, where unfavourable geological
conditions, such as weak or compressible strata below strataof higher bearing capacity, are
presumed.

(4) Where structures under B.3 (5) to B.3 (8) and B.3 (13) are built on competent strata, the
depth of investigation can be reduced to z, = 2 m, unless the geology isindistinct, in which
case at least one borehole should be taken down to a minimum of z,=5 m. If a bedrock
formation is encountered at the proposed base of the structure, this should be taken as the
reference level for z,. Otherwise, z, refers to the surface of the bedrock formation.

(5) For high-rise structures and civil engineering projects, the larger value of the following
conditions should be applied (see Figure B.1 a)):

— Zz26m;
- Zn2 3,0bk.

where bg isthe smaller side length of the foundation.

(6) For raft foundations and structures with several foundation elements whose effects in
deeper strata are superimposed on each other:

Z2>15"Dbg

where bg isthe smaller side of the structure, (see Fig. B.1 b)).
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%%@ % . - -y
Li’j l Za
Z;3
a) foundation b) structure

Figure B.1 — High-rise structures, civil engineering projects

(7) Embankments and cuttings, the larger value of the following conditions should be met
(see Figure B.2):

a) embankment b) cutting

Figure B.2— Embankmentsand cuttings
a) Fordams:

- 0,8h<z<1,2h
- Z2=>6m

where h is the embankment height.
b) For cuttings:

- Z2=>20m
- Z.>0,4h

where h isthe dam height or depth of cutting.
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(8) Linear structures, the larger value of the following conditions should be met (see
Figure B.3):

a) road b) trench
Figure B.3— Linear structures
a) For roadsand airfields:
Z,> 2 m below the proposed formation level.
b) For trenches and pipelines, the larger value of:

— 73> 2 mbelow theinvert level;
—  Z3>1,5ban

where bap, is the width of excavation.
c) Whererelevant, the recommendations for embankments and cuttings should be followed.
(9) For smdll tunnels and caverns, (see Figure B.4):
Pab < 22 < 2,0bap
where ba, is the width of excavation.
The groundwater conditions described in (10) b) should aso be taken into account.

7.

Figure B.4 — Tunndsand caverns
(10) Excavations (see Figure B.5).

a) Where the piezometric surface and the groundwater tables are below the excavation base,
the larger value of the following conditions should be met:
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b)

— Z3>0,4h
- Z=2(t+20m

where:
t isthe embedded length of the support; and
h isthe excavation depth.

Where the piezometric surface and the groundwater tables are above the excavation base,
the larger value of the following conditions should be met:

- Z=2(1,0H+2,0) m
- Z=2(t+20m

where
H isthe height of the groundwater level above the excavation base; and
t isthe embedded length of the support.

If no stratum, which is slightly permesable to groundwater, is encountered down to these
depths:
Z>2t+5m.

key

-
{FR.

e ————
| S —

1 groundwater

Figure B.5 — Excavations

(11) For water-retaining structures, z, should be specified as a function of the proposed level
of impounded water, the hydrogeological conditions and the construction method.
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(12) For cut-off walls (see Figure B.6):

—  Zy=2m below the surface of the stratum impermeable to groundwater.

Figure B.6 — Cut-off wall

(13) For piles (see Figure B.7), the following three conditions should be met:

— Z3>1,0by
— Z,=250m
— 73> 3Df

where
Dr isthe pile base diameter; and
by isthe smaller side of the rectangle circumscribing the group of piles forming the
foundation at the level of the pile base.

T I

Figure B.7 — Pilegroups
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Annex C
(informative)

Example of groundwater pressure derivations based on a model and long
term measurements

(1) The natura groundwater pressure is part of the hydrological cycle being influenced by the
precipitation, evapotranspiration, snow melting, surface run-off etc.

(2) In order to establish amodel of the groundwater situation for abuilding or acivil
engineering project site and the surrounding area, available hydrogeological information
should be compiled and compared to the actual groundwater measurements. Such information
could be:

—  water level fluctuations,

—  geohydrological maps;

—  previous measurements in the surroundings,

—  typical water levels of surface water or in wells;

—  long term measurements in similar aquifers.

(3) The groundwater measurements for a project normally only contain a short series of
measurements. In these cases it isimportant to make a prediction of the expected groundwater
pressure for the actual design situation and site. Such a prediction can be based on the model
mentioned above and on long term measurements of the groundwater in a similar aguifer in
the same region as the project in combination with a short term measurement on the site.

(4) By using gatistical methods, it became possible to predict the groundwater pressure within
afew kPabased on 15 years measurements in a reference system and a 3 month measuring
period on the actud site, see Figure C.1.

(5) Itisdso possible to simulate the groundwater fluctuations by a conceptua model.
Precipitation and air temperature can be used as input in the model. The groundwater response
is calibrated againgt long term measured groundwater fluctuationsin the region.

NOTE For additional information and examples, see X.2.
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a) reference pipe b) prediction pipe

key

1 maximum groundwater levels measured in the reference pipe through 15 years.

2 minimum groundwater levels measured in the reference pipe through 15 years.

3 measured groundwater levelsin the reference pipe during the same year as the observations
in the prediction pipe on the actua test site.

4 predicted maximum groundwater level in the prediction pipe on the actual test site.

5 predicted minimum groundwater level in the prediction pipe on the actual test site.

6 measured vaues of groundwater level in the prediction pipe on the test site from time t,
through t;.

NOTE The diagram on the l€eft isthe maxi mum and mini mum groundwater level for areference pipe. The
diagram on the right isthe actual measurements together with the predicted maxi mum/minimum groundwater
levels.

Figure C.1 — Measured and predicted groundwater levels
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Annex D
(informative)

Cone and piezocone penetration tests

D.1 Example for deriving values of the effective angle of shearing resistance and drained

Young's modulus

(1) Table D.1 is an example that can be used to derive values, from the value of g, of the
effective angle of shearing resistance (¢) and drained (long term) Y oung’s modulus of

elasticity (E’) for quartz and feldspar sands, for calculations of the bearing resistance and
settlement of spread foundations.

(2) This example was obtained by correlating the mean value of qc in alayer to the mean

valuesof ¢ and E’.

Table D.1 - An examplefor deriving values of the effective angle of shearing resistance
(¢) and drained Young's modulus of asticity (E’) for quartz and feldspar sandsfrom
cone penetration resistance (gc)

Cone resistance (qc) Effective angle of Drained Young's
Density index (from CPT) shearing modulus’, (E’)
resistance’, (¢)

MPa ° M Pa
Very loose 00-25 29-32 <10
Loose 25-50 32-35 10-20
Medium dense 50-10,0 35-37 20-30
Dense 10,0 -20,0 37-40 30-60
Very dense > 20,0 40— 42 60 — 90

3 Values given are valid for sands. For silty soil areduction of 3° should be made. For
gravels 2° should be added.

®  E'isanapproximation to the stress and time dependent secant modulus. Values given
for the drained modulus correspond to settlements for 10 years. They are obtained
assuming that the vertical stress distribution follows the 2:1 gpproximation.
Furthermore, some investigations indicate that these values can be 50 % lower in silty
soil and 50 % higher in gravelly soil. In over-consolidated coarse soils, the modulus can
be considerably higher. When cal culating settlements for ground pressures greater than
2/3 of the design bearing pressure in ultimate limit state, the modulus should be set to
half of the values given in thistable.

NOTE This example was published by Bergdahl et a. (1993). For additional information
and documents giving examples, see X.3.1.
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D.2 Example of a correlation between the cone penetration resistance and the effective
angle of shearing resistance

(1) Thefollowing is an example for deriving the effective angle of shearing resi stance (¢')
from CPT cone penetration resi stance (qc) in sands.

(2) The deterministic correlation reads as follows:

¢ =135x1gq:.+23

where
0] is the effective angle of shearing resistance, in °;
Oc is the cone penetration resistance, in M Pa.

This relationship is valid for poorly-graded sands (Cy < 3) above groundwater and cone
penetration resistances in the range 5 MPa< g, < 28 MPa

NOTE 1 The example was established from electrical cone penetrometer tests and laboratory
triaxial tests.

NOTE 2 This example was published by Stenzel et al. (1978) and in DIN 4094-1 (2002). For
additional information and documents giving examples, see X.3.1.
D.3 Example of a method to determine the settlement for spread foundations

(1) Thefollowing is an example of a semi-empirical method for calculating settlements of
spread foundations in coarse soil.

The derived value for Young's modulus of elasticity (E’ ) to be used in this method is:

— E'=2,5q, for axisymmetric (circular and square) foundations; and
— E' =3,5q, for plane strain (strip) foundations.

(2) The settlement (s) of afoundation under load pressure (q) is expressed as.

zZ
|
s=C,xC,x(g-d",,)x Z_dz
1 2 (q Uvo) J;C3><E'
where

C1 iSl—O,SX[dvol(q—dvo)];

C isl2+02xIgt;

Cs isthe correction factor for the shape of the spread foundation:
1,25 for square foundations, and
1,75 for strip foundations with L > 10B;

ov istheinitial effective vertical stress at the level of the foundation;

t isthetime, in years

I, isadrain influence factor (see below).

(3) Figure D.1 gives for axisymmetric (circular and square) spread foundations and for plane
strain (strip spread foundations) the digtribution of the vertical strain influence factor ..
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NOTE 1 The cone penetration resistance (qc) in this example stems from measurements
carried out with an electrical cone penetrometer.

NOTE 2 This example was published by Schmertmann et al (1978). For additional
information and examples, see X.3.1.

X —
0 0102 03 04 05 06
0 L 1 1
B/2 —— 94-0%v
,>'\ } I2p=05+0,1 D"Vp
(e
/
_/
4
//
ZB—§ ii y |
/
y @-\/ B
q
l 38 ya
/(
/
/
LB

key
x rigid footing vertical strain influence factor I,
y relative depth below footing
1 axisymmetric (L/B=1)
2 plane strain (L/B > 10)
3 B/2 (axisymmetric); B (plane strain)
4 depthto I,
Figure D.1- Strain influence factor diagrams

D.4 Example of a correlation between the oedometer modulus and the cone penetration
resistance

(1) Table D.2 gives example of values of « (see 4.3.4.1 (9) Equation 4.3) for various types of
soil as function of the cone penetration resistance.

NOTE This example was published by Sanglerat (1972). For additional information and
examples, see X.3.1.
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Soil Jc o
MPa
Low-plasticity clay 0:<0,7 3<a<8
0,7<Q.<?2 2<a<b
Oc=2 1<a<25
Low-plasticity silt Qc< 2 3<a<6
Qc=2 l<a<?2
Very plastic clay
Very plastic silt 0c<2 2<a<6
Qc>2 1<a<?
Very organic silt 0c<1.2 2<a<8
Peat and very organic clay 0. <0,7
50 <w< 100 15<a<4
100 <w <200 l<a<1b
w > 300 a<04
Chalks: 2<(c<3 2<a<4
0c>3 15<a<3
Sands: gc<5 a=2
g.> 10 oa=15

D.5 Examples of establishing the stress-dependent oedometer modulusfrom CPT results

(1) Thisis an example of the derivation of the vertical stress dependent oedometer settlement
modulus (Eqeq), frequently recommended for settlement calculation of spread foundations,

defined as follows:

1 W2
£ W o, +t05A0,
Oed - ' pa pa
where
Wy is the stiffness coefficient;
Wo is the stiffness exponent;

for sandswith auniformity coefficient Cy <3, w», =0,5;
for clays of low plasticity (Ip < 10; w. < 35), w2 = 0,6;

o\ is the effective vertical stress at the base of the foundation or at any depth
below it due to overburden of the soil;

Aoy, is the effective vertical stress caused by the structure at the base of the
foundation or at any depth below it;

Pa is the atmospheric pressure;
Ip is the plasticity index
W istheliquid limit.
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(2) Vauesfor the stiffness coefficient (wi) can be derived from CPT results using for example
the following equations, depending on the soil type:

Poorly-graded sands (Cy < 3) above groundwater;
wiy = 167Ig qc + 113 (range of validity: 5< qc. < 30)
well-graded sands (Cy, > 6) above groundwater;
wy = 463lg . — 13 (range of validity: 5< g, < 30)

low pladticity clays of at least iff consistency (0,75 < | < 1,30) and above groundwater (I is
the consistency index);
wp = 15,2q + 50 (range of validity: 0,6 < q. < 3,5)

NOTE 1 The example was established from the results of tests carried out with an electrical
cone penetrometer and from laboratory oedometer tests.

NOTE 2 These examples were published by Stenzel et al. (1978) and Biedermann (1984) and
in DIN 4094-1:2002. For additional information and examples, see X.3.1.

D.6 Example of a correlation between compressive resistance of a single pile and cone
penetration resistance

(2) In Tables D.3 and D.4 examples are given of established correlations between the results
of static load tests and CPT results for coarse soil with little or no fines. Unit base resistance
(pp) and unit shaft resistance (ps) of cast in situ piles are given as afunction of cone
penetration resistance (qc) (CPT) and normalised pile head settlement.

Table D.3 — Unit base resistance (py) of cast in situ pilesin coar se soil with littleor no

fines
Normalised Unit base resistance (py), in MPa,
settlement §/Dg, at aver age cone penetration resistance
gDy (qo) (CPT) in M Pa
gc =10 gc =15 gc= 20 Oc=25
0,02 0,70 1,05 1,40 1,75
0,03 0,90 1,35 1,80 2,25
0,10 (= ) 2,00 3,00 3,50 4,00

NOTE Intermediate values may be interpolated linearly.
In the case of cast in situ piles with pile base enlargement, the values
shall be multiplied by 0,75.
s isthenormalised pile head settlement
Ds isthe diameter of the pile shaft

Dy, isthe diameter of the pile base

S, isthe ultimate settlement of pile head
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Table D.4 — Unit shaft resstance ps of cast in situ pilesin coar se soil with little or no

fines
Aver age cone penetration Unit shaft resistance (ps)
resistance (qc) (CPT)

M Pa M Pa
0 0
5 0,040
10 0,080

>15 0,120

NOTE Intermediate values may be interpolated linearly

NOTE 1 Theexamplewas established from results of tests carried out with an electrical cone penetrometer.

NOTE 2 Thisexamplewas published in DIN 1054 (2003-01). For additional information and examples, see
X.3.1

D.7 Example of a method to determine the compressive resistance of a single pile

(2) Thefollowing is an example of the determination of the maximum bearing resistance of a
single pile on the basis of the g. values from an electrical CPT. In case of over-consolidation,
or in case of an excavation after execution of a CPT, the g, values should be reduced.

(2) The maximum compress ve resistance of a pile follows from:

Fmax: Fmax;base+ Fmax;shaft

where
F max;base= IA\base>< pmax;base
and
AL
F max;shatt = Cp _[ (NS ¢ 74
0
where
Abase is the cross sectional area of the base, in m?;
Co is the circumference of the part of the pile shaft in the layer in which the
base of the pileisplaced, in m;
Frmax is the maximum compressive resistance of the pile, in MN;
Fox:base is the maximum base resistance, in MN;
F max: shaft is the maximum shaft resstance, in MN;
Frexshaitz 1S themaximum unit shaft resitance, a depth z, in Mpa
Prrex: base is the maximum unit base resstance, in MPg;
AL is the distance from the base of the pile to the bottom of the first soil

layer above the base with gc < 2 MPa; moreover AL < the length of the
enlarged part of the pile point if applied, in m;
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z is the depth or vertical direction (positive downwards).
Deg isthe equivalent diameter of the base, inm;
Deq =113%x a\/E
a
where
a isthe length of the smaller side of the base area, in m;
b isthelarger side, inm, withb <15x g;

(3) The maximum base resistance prax:hase CaN be derived from the following equations:

qc- 'meen+ qc- ;mean
pmax;basezoaSOCp:BS{ & 2 i +qc;|l|;mean}

and
where
Jel:mean is the mean of the g, values over the depth running from the pile base
level to alevel whichisat least 0,7 times and at most 4 times the
equivalent pile base diameter Doy deeper (see Figure D.2);
1 derit
c; I; mean = c; dz
q I dcrit ‘([ q I
with

O,?Deq < dcrit < 4Deq
At the critical depth the calculated value of Prax:pase DECOMES @ Minimum;

it: mean is the mean of the lowest qc.1 values over the depth going upwards from
the critical depth to the pile base (see Figure D.2);

1 0

qc;ll;mean = duit s qC;II dz

cil1;mean is the mean value of the g, values over adepth interval running from
pile base level to alevel of 8 times the pile base diameter higher, or, in
caseb>1,5x ato 8 x a higher. This procedure starts with the lowest g,
value used for the computation of gci:mean (Se€ Figure D.2);

-8Deq
Q; 11; mean = ﬁ J.qc; m dz

0

For continuous flight auger piles, gc.i1i:mean CaNNOt exceed 2 M Pa, unless
the results of CPTs, which were performed at a distance from the pile <
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1 m after pile fabrication are used for the calculation of the compressive

resistance;

o isthe pile class factor givenin Table D.5, f is the factor which takes
account of the shape of the pile point as shown in Figure D.3;

S is the factor which accounts for the shape of the pile base-and is

established as follows:
s= (1+ S|n—(Pj/(1+ sng')
r

where
r isL/B
L isthe larger side of the rectangular pile point;
B isthe smaller side of the rectangular pile point;
104 is the effective angle of shearing resistance.

(4) The maximum shaft resistance pmaxsnait:z Should be determined as follows:
pmax;shaft;z = OLSX qc;z;a

where
s is the factor according to Tables D.5 and D.6;
Jcza is the cutt-off value of qc at depth z in MPa

If gc.z > 12 MPaover a continuous depth interval of 1 m or more, then gcza < 15 M Paover
thisinterval.

If the depth interval with gc.za > 12 MPaisless than 1 m thick, then . < 12 MPaover this
interval.

Table D.5 — Maximum values of ¢;, and osfor sandsand gravely sands

Pile classor type % o’

Soil displacement type piles, diameter > 150 mm

— driven prefabricated piles, 1,0 0,010

— cast in place piles made by driving a steel tube with 1,0 0,012
closed end. The steel pipe is reclaimed during
concreting.

Soil replacement type piles, diameter > 150 mm

— flight auger piles, 038 0,006

— bored piles (with drilling mud). 0,6 0,005

& Valuesvalid for fine to coarse sands. For very coarse sands a reduction factor of 0,75 is
necessary; for gravel this reduction factor is0,5.

® Thisvalueis used in the case of applying the results of CPTs which were carried out
before pile installation. When CPTs are used that have been carried out in the vicinity of
the flight auger piles, o may be raised to 0,01.
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Table D.6 — Maximum o valuesfor clay, silt and peat

Soil type e, os

M Pa
clay >3 < 0,030
clay <3 <0,020
st <0,025
peat 0

¢ ——»
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Figure D.3 — Pile point shape factor

NOTE This example was published in NEN 6743. For additional information and examples, see X.3.1.
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Annex E
(informative)

Pressuremeter Test (PMT)

E.1 Example of a method to calculate the bearing resistance of spread foundations

(1) Thefollowing is an example of a method to calculate the bearing resistance of spread
foundations using a semi-empirical method and the results of an MPM test.

(2) The bearing resistance is calculated from:

R/IA=0,+K(Pu — Po)

where

R isthe resistance of the foundation against normd loads;

A is the effective base area as defined in EN 1997-1;

ovo isthetota (initial) vertical stress at the level of the foundation base;

pum  isthe representative value of the Ménard limit pressures at the base of the spread
foundation;

Po is[Ko (ovwo — U) + u] with K, conventionally equal to 0,5, oo isthetota (initial)vertical
stress at the test level and u is the pore pressure at the test level;

k is a bearing resistance factor givenin Table E.1;

B is the width of the foundation;

L isthe length of the foundation;

De is the equivalent depth of foundation.

TableE.1 — Correlationsfor deriving the bearing resisgance factor (k), for spread

foundations

Soil category PLm K
[MPa]

A <0,7 0,8[1+0,25(0,6+ 0,4 B/L) x Do/B]
Clay and silt B | 1220 0,8[1+0,35(0,6 +0,4 B/L) x D¢/B]

C >2,5 0,8[1+0,50(0,6 + 0,4 B/L) x De/B]

A <05 [1+0,35(0,6 +0,4B/L) x DJ/B]
Sandand gravel B | 1,020 [1+0,50 (0,6 +0,4 B/L) x D¢/B]

c >2,5 [1+0,80(0,6+0,4B/L) x DdJ/B]
Chalk 1,3[1+0,27 (0,6 + 0,4 B/L) x D¢/B]
Marl and [1+0,27 (0,6 + 0,4 B/L) x DJ/B]
weathered rock

NOTE This example was published by the French Ministére de I’ Equipement du Logement
et des Transport (1993). For additional information and examples, see X.3.2.
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E.2 Example of a method to calculate the settlementsfor spread foundations

(1) Thefollowing is an example of a method to calculate the settlement (s), of spread
foundations using a semi-empirical method developed for MPM tests.

o 2B, (14B “+a,1¢B
S (q O-VO)[gEd [ Boj 9EC }

where

Bo is areference width of 0,6 m;

B is the width of the foundation;

A4, Ac are shape factorsgivenin Table E.2;

o isarheological factor givenin Table E.3;

Ec isthe weighted value of Ey immediately below the foundation;

Eq is the harmonic mean of Ey in all layers up to 8 x B below the foundation;
ow isthetotal (initial) vertical stress at the level of the foundation base;

q is the design normal pressure gpplied on the foundation.

Table E.2 — The shape coefficients, A, Aq, for settlement of spread foundations

L/B Circle | Square 2 3 5 20
Ad 1 1,12 153|178 | 214 | 265
e 1 11 12 13 14 15

Table E.3— Correationsfor deriving the coefficient & for spread foundations

Type of Description Evipiv | o
ground
Peat 1
Clay Over-consolidated <16 1
Normally consolidated 9-16 | 0,67
Remoulded 7-9 0,5
Silt Over-consolidated >14 0,67
Normally consolidated 514 | 05
Sand >12 05
5-12 |0,33
Sand and >10 |0,33
gravel 6-10 |0,25
Rock Extensively fractured 0,33
Unaltered 05
Weathered 0,67

NOTE This example was published by the French Ministére de | Equipement du Logement et
des Transport (1993). For additional information and examples, see X.3.2.
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E.3 Example of a method to calculate the compressive resistance of a single pile

(1) Thefollowing is an example of a method to calculate the ultimate compressive resistance
(Q), of pilesfrom the MPM test, using:

where

A

PLm

Q=Axkx[py-PJ+PZ[a4xz]

isthe base area of the pile whichis equal to the actual areafor close ended piles and
part of that area for open-ended piles;

isthe representative value of the limit pressure at the base of the pile corrected for any
weak layers below;

is[Ko(ovo — U) + u] with K, conventionally equal to 0,5, oy isthe total (initial) vertical
stress at the test level and u is the pore pressure at the test level;

is acompression resistance factor given in Table E.4;

isthe pile perimeter;

isthe unit shaft resistance for soil layer i given by Figure E.1 read in conjunction with
Table E5;

is the thickness of soil layer i.

Table E.4 — Valuesof the compression resistance factor (k), for axially loaded piles

Soil category PLm Bored pilesand small | Full
[MPa] displacement piles displacement
piles
A <0,7 11 14
Clay and silt B 1,2-2,0 1,2 15
C >2.5 1,3 1,6
Sand and A <0,5 1,0 4,2
gravel B 1,0-2,0 11 3,7
C >25 1,2 3,2
A <0,7 11 1,6
Chak B 1,025 14 2,2
C >3,0 1,8 2,6
Marl A 1,54,0 1,8 2,6
B >4.5 1,8 2,6
Weathered A 2,540 é é
rock B >45
a Choose k for the closest soil category.
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Table E.5 — The selection of design curvesfor unit shaft resistance

Soil category Clay and slt | Sand and Chalk Marl Rock #
gravel
Pile type AlB |C |A|B |C |A[B|C |A |B
Bored piles | No support 1 |12 (213 |— — [1(3]|4/5(3 |4/5|6
and Mud support 1 (12|22 |1 |1Y2 (2313|453 |4/5|6
caissons Temporary 1 (12|12 |1 |2 (23 (1(2(3/4(3 |4 |—
casing
Permanent 11 1 1]1 2 3 |—
casing
Hand-dug 112 (3 [—|— |— [1|2]|3 [4 |5 |6
caisson
Displace- Closed end 1|2 2 212 3 3 |4 |4
ment piles | steel tube
Prefab. 112 (2 (313 |3 3 |4 |4
concrete
Drivencastin |1 |2 2 2|2 3 1{213 |3 |4 |—
Situ
Coated shaft 112 (2 |33 |4 3 |4 |—
(concrete
driven steel
Grouted Lowpressure |1 |2 2 313 3 21314 |5 |5 |—
piles Highpressure |1 |4 |5 515 6 —5(6 |6 |6 |7

a Wheathered rock
b A preformed stedl pile of tubular or H-section, with enlarged shoe, is driven with
smultaneous pumping of concrete (or mortar) into the annular space.
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Figure E.1 — Unit shaft resistance for axially loaded piles

NOTE This example was published by the French Ministére de I’ Equipement du Logement et des Transport
(1993). For additional information and examples, see X.3.2.
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Annex F
(informative)

Standard penetration test (SPT)

F.1 Examplesof correlations between blow countsand density indices

(1) Examples of correlations of blow counts and density indices are given below.

(2) The relationship between the blow count Ngo, density index 1, =(€,,. —€)/ (€ — €rin)

and the effective overburden stress ¢'o (kPax 10) in agiven sand can be represented by the
expression:

NGO '
- =a+bo',

D

The parameters a and b in normally consolidated sands are nearly constant for
0,35<1p<0,85and0,5< ¢\’ < 2,5, inkPax 10

NOTE For further information on the parameters a and b see Skempton 1986, Table 8.

(3) For normally consolidated natural sand deposits, the correlation shownin Table F.1 has
been established between Ip and the normalised blow count (N1)eo.

Table F.1 — Correlation between the density index | and the normalised blow count

(N1)eo
Very L oose Medium Dense Very
loose dense
Ip[%0] 0 -15 15 -35 35 —65 65 —85 85 —100
(N1)eo 0-3 3-8 8-25 25-42 42-58

For Ip > 0,35 it corresponds to (N1)eo/I o> = 60.

(4) For fine sands, the N-values should be reduced in the ratio 55:60 and for coarse sands
increased in the ratio 65:60.

(5) The resistance of sand to deformation is greater the longer the period of consolidation.
This "ageing" effect is reflected in higher blow counts, and appears to cause an increase in the
parameter a.

Typical results for normally consolidated fine sands are givenin Table F.2.
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Table F.2 — Effect of ageing in normally consolidated fine sands

Age (N1)eo/1 o
[years|
Laboratory tests 10 35
Recent fills 10 40
Natural deposits >10° 55

(6) Over-consolidation increases the coefficient b by the factor:

1+2xK,
1+ 2% Kone

where

Ko and Kone are the in situ stress ratios between horizontal and vertical effective stresses for
the over-consolidated and normally-consolidated sand respectively.

(7) All the above mentioned correlations have been established for predominantly silica sands.
Their use in more crushable and compressible sands, such as calcareous sands or even silica
sands contai ning a non-negligible amount of fines, may lead to an underestimation of Ip.

NOTE These examples were published by Skempton (1986). For additional information and
examples, see X.3.3.

F.2 Examplesof deriving valuesfor the effective angle of shearing resistance

(1) Table F.3 isan example that can be used to derive values of the effective angle of shearing
resistance of slicasands, (¢"), from the density index (Ip). The valuesof ¢' are also

influenced by the angularity of the particles and the stress level (see Table F.3).

Table F.3 — Effective angle of shearing resstance of silica sands, ¢', in degrees

Density Fine-grained Medium-grained Coarse-grained
index Ip

[%0] Uniform | Wel-graded | Uniform | Well-graded | Uniform | Well-graded
40 34 36 36 38 38 41

60 36 38 38 41 41 43

80 39 41 41 43 43 44

100 42 43 43 44 44 46

NOTE This example was published by the US Army Corps of Engineers (1993). For
additional information and examples, see X.3.3.

F.3 Example of a method to calculate the settlement of spread foundations

(1) Thisisan example of an empirical direct method for the calculation of settlementsin
granular soil of spread foundations.
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(2) The settlement for stresses below the overconsolidation pressure is assumed to be 1/3 of
that corresponding to the normally consolidated sand. The immediate settlement, 5, in mm, of
asquare footing of width B, in m, for an overconsolidated sand, if ' > oy, isthen given by:

I
] 0,7 1 ] 0,7
s =0,xXB x?‘c+(q -0 )XB™ Xl

where

o' IS maximum previous overburden pressure, in kPa;

q is average effective foundation pressure, in kPg;

lee isa/B%"

ar is the foundation subgrade compressibility, As/Aq', in mm/kPa.

If ' < o, then the equation becomes:

|
s =0, xB% x-—=
3

And for normally consolidated sands:

s =(q —d,)xB% xl

(3) Through aregression analysis of settlement records, the value of | is obtained through
the expression:

| =17UN™

where
N isthe average SPT blow count over the depth of influence.

The standard error of a; varies from about 1,5 for N greater than 25 to 1,8 for N less than
about 10.

(4) The N-values for this particular empirical method should not be corrected for the
overburden pressure. No mention is made of the energy ratio (E;) corresponding to the N-
values. The effect of the water table is supposed to be already reflected in the measured blow
count, but the correction N ' = 15 + 0,5 x (N — 15) for submerged fine or silty sands should be
applied for N > 15.

In cases involving gravels or sandy gravels, the SPT blow count should be increased by a
factor of about 1,25.

(5) Thevalueof N isgiven by the arithmetic mean of the measured N-values over the depth
of influence, z = B %™, within which 75 % of the settlement takes place for cases where N
increases or is constant with depth. Where N shows a consistent decrease with depth, the
depth of influence is taken as 2B or the bottom of the soft layer whichever isthe lesser.

(6) A correction factor fs for the length-to-width ratio (L/B) of the foundation
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[15x LB T
(L/B)+ 025

should be gpplied. The value of fstendsto 1,56 as L/B tends to infinity. No depth (D)
correction factor has to be applied for D/B < 3.

(7) Foundations in sands and gravels exhibit time-dependent settlements. A correction factor,
fi, should be applied to the immediate settlement given by:

fi=(1+ R+ R Igt/3)
where

fi isthe correction factor for timet > 3 years,
is the time-dependent factor for the settlement that takes place during the first 3 years
after construction; and

R is the time-dependent factor for the settlement that takes place each log cycle of time
after 3 years.

(8) For static loads, conservative values of R; and R; are 0,3 and 0,2 respectively. Thus at
t =30 years, f; = 1,5. For fluctuating loads (tall chimneys, bridges, silos, turbines etc.), vaues
of Rs and R; are 0,7 and 0,8 respectively o that at t = 30 years, f; = 2,5.

NOTE This example was published by Burland and Burbridge (1985). For additional
information and examples, see X.3.3.
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Annex G
(informative)

Dynamic probing test (DP)

G.1 Examplesfor correations between number of blows and density index

(1) These are examples of the density index (Ip) from the dynamic probing DP test, for
different values of the uniformity coefficient Cy (range of validity 3 < Njp < 50):

poorly-graded sand (Cy < 3) above groundwater
Ip=0,15+ 0,260 Ig N1o. (DPL)
Ip = 0,10 + 0,435 Ig Ny (DPH)

poorly-graded sand (Cy < 3) below groundwater
Ip=0,21 + 0,230 Ig NioL (DPL)
Ip = 0,23 + 0,380 Ig Nion (DPH)

well-graded sand-gravel (Cy > 6) above groundwater
Ip = -0,14 + 0,550 Ig Nyors (DPH).

NOTE These examples were published by Stenzel et a. (1978) and in DIN 4094-3. For
additional information and examples, see X.3.4
G.2 Example of a correlation between the effective angle of shearing resistance and the

density index

(1) Thisisan example of deriving the effective angle of shearing resistance (¢') from the
density index (Ip), for bearing capacity calculations of coarse soil (see Table G.1).

Table G.1 — Effective angle of shearing resistance (¢/) of coar se soil asfunction of the
densty index (Ip) and the uniformity coefficient (Cy)

Soil type Grading Rangeof Ip Effective angle of shearing
[%] resisance (¢)
Slightly fine- Poorly graded, 15-35 30
grained sand, (Cu<6) (loose)
Sand, sand-gravel 35-65 325
(medium dense)
>65 35
(dense)
Sand, sand-gravel, Well-graded, 15-35 30
gravel (6<Cy<15) (loose)
35-65 K%}
(medium dense)
>65 38
(dense)
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NOTE This example was published in DIN 1054-100. For additiona information and
examples, see X.3.4.
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G.3 Example of establishing the stress-dependent oedometer modulus from DP results

(1) Thisis an example of the derivation of the vertical stress dependent oedometer settlement
modulus (Eqeq), frequently recommended for settlement calculation of spread foundations,
defined as follows:

1 W2
£ W c,+ 05A0",
oed ~ W Pa T
where
Wy is the stiffness coefficient;
Wo is the stiffness exponent;

for sands with auniformity coefficient Cy < 3: w, = 0,5;
for clays of low plasticity (I, < 10; w. < 35): w2 = 0,6;

o isthe effective verticd stress a the base of the foundation or at any depth below it due
to overburden of the soil;

Ao\, istheeffective verticd stress caused by the structure at the base of the foundation or at
any depth below it;

Pa is the atmospheric pressure;
Ip isthe plasticity index;
W isthe liquid limit.

(2) Vauesfor the stiffness coefficient (w;) can be derived from DP tests using for example the
following equations, depending on the soil type:

poorly-graded sands (Cy < 3) above groundwater
wy =214 1g Nyg. + 71 (DPL; range of validity: 4 < Ny < 50)
Wy =249 1g Ny + 161 (DPH; range of validity: 3 < Njon < 10)

low-plagticity clays of at least siff consistency (0,75 < | < 1,30) and above groundwater
(I isthe cons stency index)

W1 = 4Ny + 30 (DPL; range of validity: 6 < Nijo. < 19)

Wy = 6Njon + 50 (DPH; range of validity: 3 < Njoq < 13).
NOTE These examples were published by Stenzel et al. (1978) and Biedermann (1984) and in
DIN 4094-3:2002. For additional information and examples, see X.3.4.
G.4 Example of correlations between the cone penetration resistance and the number of
blows
(1) Thisisan example of estimating the cone penetration resistance (qc) in sands and sand-
gravel mixtures from results with the dynamic probing test DPH to derive ultimate bearing
capacities of piles from corresponding correlations established from static pile load rests (see
Figure G.1, 4.3.4.2 (1)P and D.6).
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30

30 >
{MPa)
20 /
Y
5 / ,/
A
0
0 S 10 15 20 25
X — Ny
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1 Poorly-graded sand above groundwater
2 Poorly-graded sand below groundwater

3 Waell-graded sand and gravel above groundwater
4 Well-graded sand and gravel below groundwater

(X) Number of blows, (Nion)

(y) Cone penetration resistance, (qc)

Figure G.1 — An example of correations between the number of blows N;o4 and the
cone penetration resstance (qc) for poorly-graded sandsand for well-graded sand-gravel

NOTE This example was published by Stenzel et a (1978) and in DIN 4094-3. For additional

information and examples, see X.3.4.

G.5 Example of a correlation between number of blows of different dynamic

penetrometers

(1) Thisisan example for correlations between the number of blows N of the dynamic
probing test DPL and the number of blows N,o4 of the dynamic probing test DPH for poorly-

graded sands (Cy < 3) above the groundwater level:

a) Input: DPH results

Nior = 3Nion

Range of vaidity: 3 < Njgny < 20

b) Input: DPL results

Nion = 0,34N100
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Range of validity: 3 < Njg <50
NOTE These examples were published by Stenzel (1978) and Biedermann (1984) and in

DIN 4094-3. For clays, see Butcher, A.P. McEImed, K., Powell, J.J.M.(1995). For additional
information and examples, see X.3.4.
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Annex H
(informative)

Weight sounding test (WST)

H.1 Examplefor deriving values of the effective angle of shearing resstance and drained

Young's modulus

TableH.1— Values of the effective angle of shearing resstance ¢' and drained Young's
modulus of elasticity E’ for naturally deposited quartz and feldspar sands estimated from
weight sounding resistancein Sweden

Weight sounding Effectiveangleof | Drained Young's
Densty index resisance’, shearing modulus of

half-turns/ 0,2 m resistance” (¢/) elagticity®, (E')

° M Pa

Very loose 0-10 29-32 <10
Loose 10-30 32-35 1020
Medium dense 20-50 35-37 20-30
Dense 40-90 37-40 3060
Very dense >80 40-42 60-90

a

b

Before determination of the relative density, the weight sounding resistance in silty soil
should be divided by afactor of 1,3.
Values given are valid for sands. For silty soil; areduction of 3 ° should be made. For
gravels, 2 ° may be added.
E' isan approximation to the stress and time-dependent secant modulus. Values given
for the drained modulus correspond to settlements after 10 years. They are obtained
assuming that the vertica stressdistribution follows the 2:1 approximation.
Furthermore, some investigations indicate that these values can be 50 % lower in silty
s0il and 50 % higher in gravelly soils. In over-consolidated coarse soil, the modulus can
be considerably higher. When calculating settlements for ground pressure greater than
2/3 of the design pressure in ultimate limit state, the modulus should be s&t to half the
values given in this table.

(1) Table H.1 gives an example of values of the effective angle of shearing resistance (¢) and

drained Y oung's modulus of elasticity (E'), estimated from weight sounding resistance based on
Swedish experience. This example correlates the mean val ue of weight sounding resistancein a
layer to the mean valuesof ¢ and E'.

(2) If only results of weight sounding tests are available, the lower value in each interva for the
angle of shearing resistance and Y oung' s modulus of elagticity in Table H.1 should be selected.

(3) When evduating weight sounding resistance diagrams for applicationin Table H.1, peak
values caused for example by stones or pebbles should not be accounted for. Such peak values

are common in weight sounding testsin gravel.

NOTE This example was published by Bergdahl et a. (1993). For additional information and

examples, see X.3.5.
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Annex |
(informative)

Field vanetest (FVT)

I.1 Examples of proceduresto determine correction factorsfor the undrained shear
strength

(1) Examples of procedures for the determination of correction factors of field vane test
results to obtain the undrained shear strength (c,) from the measured value of the field vane
test (cv) aregivenin 1.2 to 1.5. These correction factors are based mainly on the back-analysis
of embankment failures and load tests in soft clays. All procedures lead to a value of the
correction factor |, which is used in the following equation for assessing the undrained shear
strength.

Cu= U X Gy

where:
Crv isthe undrained shear strength measured in the field vane test
M isacorrection factor

(2) The procedure to be used should be based on local experiences in the actual type of clay. It
should aso be considered that the drained shear strength might be lower than the undrained
shear strength.

NOTE For additional information see X.3.6.

I.2 Example of the determination of the correction factor 1 based on Atterberg limits

(1) For soft, normally-consolidated clays, the correction factor p islinked to the limit of
liquidity or to the plasticity index. A sample correction curveis presented in Figurel.1.

(2) A correction factor greater than 1,2 should not be used without support from supplementary
investigations.

(3) Infissured clays, acorrection factor aslow as 0,3 can be necessary. In fissured clays, the
undrained shear strength should be determined from other methods than from field vane tests
e.g. plate load tests.

NOTE The Danish Geotechnical Institute (1959) gives examples of correction factorsin
fissured clays. For additiond information see X.3.6.
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Figurel.1— An exampleof correction factorsfor cr, based on the liqulimit for normally
consolidated clays.

NOTE Figure .1 was published by Larsson et al. (1984 ). For additional information see X.3.6
|.3 Example of the deter mination of the correction factor p based on Atterberg limits
and the effective vertical stress

(1) This correction islinked to the plagticity index (Ip) and the effective vertical stress(d'yo) in
the ground. Sample curves are presented in Figure|.2.

1,0 \
T v N
H 08 \
1, <40% N o= 4h0%
0,7 AN S
\ ~
~
~
0,6 \
0,5 \\
Cy= MxCey
us1
0,4 T
0,0 0.1 0,2 03 0,4 0,5 0,6

Cey/o'vg —

Figurel.2 Examplesof correction factorsfor cr based on plagticity index and effective
vertical stress(o'\o) for over-consolidated clays
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NOTE Figurel.2 was published by Aas (1979). For additiona information see X.3.6

|.4 Example of the deter mination of the correction factor i based on Atterberg limits
and state of consolidation

(1) This procedure has been elaborated in order to take into account the effect of over-
consolidation.

(2) An estimate is first made of whether the clay is over-consolidated or not, using the
relationship shown in Figure 1.3 (relationship between the quotient of measured shear strength
by the field vane test (cr) to the effective stress (o'v0) and the plasticity index (1g) for clays).
When the corresponding parameters fall between the curves for “young” and “aged”, the clays
are consdered normally-consolidated (NC), whereas clays falling above the curve “Aged” are
considered over-consolidated (OC).

(3) Normally-consolidated soils are then corrected according to the curve marked NC in
Figure 1.4 and over-consolidated soils are corrected according to the curve marked OC.

6 L Roc=0%/0% 3

0 40 80 120

=

ey
curve of Fig. 1.2
lower limit of young clay
upper limit of young clay; lower limit of aged clay
range of normally consolidated clays (NC)
range of over-consolidated clays (OC)

b~ wWwNPEF

Figurel.3 — Diagram for separating normally-consolidated and over-consolidated clays
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T 1.2 \\
H 1 \\
0,8 \‘\
N
N —
0,6 g —
\\~~
0,4 - ~=go—— /—@
0,2
0 0,2 0.4 0,6 0,8 1

key
1 normally-consolidated, (NC)
2 over-consolidated, (OC)
Figurel.4 — Correction factors for normally-consolidated and over-consolidated clays

NOTE This example was published by Aas et a. (1986). For additional information see X.3.6
I.5 Example of the deter mination of the correction factor 1 based on Atterberg limits
and the state of consolidation

(1) This procedure has aso been presented in order to take into account the effect of over-
consolidation.

(2) The correction factor x for normally-consolidated and slightly over-consolidated clays can
be determined as

043)"*
7 =[ ! j >05
WL

where
WL istheliquid limit (see Figurel.1).

(3) In clays with a higher over-consolidation ratio than 1,3, the following correction factor (u)
can be applied

0,45 0,15
SGRE
W, 13

where
Roc  isthe over-consolidation ratio.
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NOTE This equation stems from Larsson and Ahnberg, (2003). For additional information see
X.3.6

(4) If the over-consolidation ratio has not been determined, it can be estimated empirically
from the relation ¢y, = 0,45 x Wi x o'p. The correction factor x then becomes:

0,15
0,43 Cr
M= X
W, 0,585w, xa',

NOTE This equation stems from Hansbo. (1957). For additional information see X.3.6.
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Annex J
(informative)

Flat dilatometer test (DMT)
Example of correlations between Ey,q and DMT results

(1) The following is an example of correlations that may be used to determine the value of the
one-dimensiona tangent modulus Eqq = do'/de from resultsof DMT tests:

Eoed = Ru X Epmt

inwhich Ry is estimated either on the basis of local experience or using the following
relationships:

if lpyt<0,6; thenRy=0,14+ 2,36 Ig KomvT
if lpyt=3,0; thenRy=05+2 Ig KomT

if 0,6<lpmt<3,0; thenRu=Rwuo+ (2,5—Rwuo) g Kpmr,
inwhich Rvo=0,14 + 0,15 (| DMT — 0,6)

if Komt>10; thenRy =0,32+ 2,18 Ig KomvT

if values of Ry < 0,85 are obtained in the above relationships, Ry istaken to be equal to
0,85.

NOTE This example was published by Marchetti (2001). For additiona information and design
examples, see X.3.7.
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Annex K
(informative)

Plate loading test (PLT)

K.1 Example of deriving the value of undrained shear strength

(1) Thisis an example of deriving the undrained shear strength (c,), which can be obtained
using the following equation:

o _Prx2)
u - T
where
Pu is the ultimate contact pressure from the PLT results;

y xz isthetotal stress (density timesdepth) at test level when thetest is conducted in
aborehole with adiameter smaler than three times the diameter or width of the
plate;

N is the bearing capacity factor; for circular plates:

Nc = 6 (typically for PLT onthe subsoil surface);
N =9 (typically for PLT in boreholes of depths greater than four timesthe
diameter or width of the plate).

NOTE This example was published by Mardand (1972). For additional information and
examples, see X.3.8.

K.2 Example of deriving the value of the plate settlement modulus
(1) Thisis an example of deriving the plate settlement modulus Ep+ (secant modulus).

(2) For loading tests made at ground level or in an excavation where the bottom width/diameter
isat least five timesthe plate diameter, the plate settlement modulus Ep_ 1+ may be ca culated
from the general equation:

Enr :i—zx%b(l—vz)

where

Ap is the selected range of gpplied contact pressure considered;

As isthe change in total settlement for the corresponding change in the applied
contact pressure Ap including creep settlements;

b isthe diameter of the plate;

1% is Poisson'sratio for the conditions of the test.

(3) If not determined in other ways, visequa to 0,5 for undrained conditions in fine soil and
0,3 for coarse-grained soil.
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(4) If the test is made at the base of aborehole, the value of Ep + may be calculated from the
equation:
_Ap zb

- _ .2
As 4(1 V)C

PLT z

where
C; is adepth correction factor; it isdefined as the ratio of the depth load to

settlement of the corresponding surface load.; an example for suggested values
isgivenin FigureK.1.

1_

T 051 V=049
& v=0,25
0,8+
v=0,0
0,74

0,6-

0,5 T T T T

z2/b ——

Figure K.1 — Depth correction factor (C,) asafunction of platediameter (b) and depth (2
for PLT results obtained with a uniform circular load at the base of an unlined shaft

NOTE This example was published by Burland (1969). For additional information and
examples, see X.3.8.
K .3 Example of deriving the value of coefficient of sub-grade reaction

(1) Thisis an example of deriving the coefficient of sub-grade reaction (ks) which may be
calculated from the equation:

kS:

5]

where
Ap is the selected range of applied contact pressure considered;

As is the change in settlement for the corresponding change in applied contact
pressure Ap including creep settlements.
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(2) The dimensions of the loading plate should be stated, when cal culating val ues of k.

NOTE This example was published by Bergdahl (1993). For additional information see X.3.8.

K .4 Example of a method to calculate the settlement of spread foundationsin sand

(1) Thisis an example of deriving settlements directly. The settlements of afooting in sand may
be derived empirically according to the relations given in Figure K.3, if the ground beneath the
footing to adepth larger than two times the width is the same as the ground beneath the plate
(seeFigureK.2).

@ @

b

&
'y
'

key

1 test plate

2 footing

3 influenced zones

b width of thefooting

b, width of the plate

p istheload

s ispredicted settlement for the footing
S is settlement measured in PLT;

FigureK.2 — Influenced ar ea beneath a test plate and a footing
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1 loose
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s, is settlement ratio
b/b, iswidth ratio

Figure K.3— Graph for calculations of settlement based on plate loading tests

NOTE This example was published by Bergdahl et al (1993). For additional information and
examples, see X.3.8.
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Annex L
(informative)

Detailed information on preparation of soil specimensfor testing

L.1 Introduction

(1) Detailed procedures are in the scope of CEN/TC 341, based on the test procedures,
recommended by the European Technical Committee 5 on “Laboratory Testing” (ETC 5) of
the International Society of Soil M echanics and Geotechnical Engineering. The main
requirements are given in this annex.

L.2 Preparation of disturbed soil for testing
L.2.1 Drying of soil

(1) Normally soil should not be dried before testing, unless otherwise specified, but should be

used in its natural state. When drying of soil is necessary, one of the following methods

should be used:

— ovendrying to constant mass in ventilated oven at atemperature of (105 + 5) °C;

— ovendrying in ventilated oven at a specified temperature less than 100 °C (i.e. partid
drying, since drying at a lower temperature need not be complete);

— air drying (partial) by exposure to air at room temperature, with or without afan.

L.2.2 Disaggregating

(1) The extent of disaggregating to be applied, and the treatment of any remaining cemented
material, should be related to the specific requirements and conditions, and should be
specified. In particular, the disaggregating and the treatment should be done at the natural
water content of the soil.

(2) Aggregations of particles should be broken down in such away asto avoid crushing of
individual particles. The action should be no more severe than that applied by a rubber-headed
pestle. Special care is necessary when the soil particles are friable. If a large quantity of soil is
to be prepared, disaggregating should be done in batches.

L.2.3 Subdividing
(1) Disaggregated soil should be mixed thoroughly before subdividing. The subdivision

process should be repeated until representative samples of the specified minimum masses are
obtained for use as test specimens.

L.2.4 Massof disturbed soil for testing
(1) The minimum masses of disturbed soil required for testing are summarised in Table L.1.
Where the minimum mass depends on the size of the largest particles present in significant

quantity, thisisrelated to the minimum mass required for seving (denoted by “MMS”) which
isgivenin Table L.2.
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(2) The required mass listed in Table L.1 allows for the preparation of one test specimen, with
some allowance for wastage but not for the inclusion of over-size particles. When only the
fine fraction of soil isrequired for testing, the prepared sample of the original soil should be
large enough to provide the specified mass of the desired fraction.

(3) When it is necessary to remove large particles from the initial sample in order to prepare

test specimens, the size range and the proportion by dry mass of the oversize material
removed should be recorded.

TableL.1 — Massof soil required for testson disturbed samples

Test Initial mass Minimum mass of prepared test specimen
required Clay and silt Sand Gravelly soil
Water content At least twice 3049 1009 D=2mm-| D>10mm
specimen mass 10 mm 0,3 x MMS,
MMS min 500 g
Particle density 100g 10g (particle size < 4 mm)
Grain size
Sieving 2x MMS \ MMS
Sedimentation
Hydrometer 250 g 509 100 g
Pipette 100g 12g 30g
Consistency limits | 500 g 300 g (particle size < 0,4 mm)
Density index 8 kg é
Dispersibility 400 g @
Compaction S NS é
“Proctor” mould 25kg 10 kg
“CBR” mould 80 kg 50 kg
CBR 6 kg é
Permeability ° 2
Diameter
100 mm 4 kg
75 mm 3 kg
50 mm 5009
38 mm 2509
N otation:
D Largest particle diameter in significant proportion (10 % or more by dry mass)
MMS  Minimum mass to be taken for sieving (see Table L.2)
NS Soil particles not susceptible to crushing
S Soil particles susceptible to crushing during compaction
B Mass of specimen depends on soil behaviour during test
P Permeability specimens with height equal to twice the diameter

L.2.5 Preparation of soil for compaction

(1) Soil that is to be used for compaction-related tests should not be allowed to dry. If it is
necessary to reduce the water content of the soil, this should be done by air drying.
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(2) The upper limit of allowable particle sizes depends upon the size of the mould to be used.
Particles larger than the sizes stated below should be removed before preparing the soil for
testing (see Table L.3).

L .3 Preparation of undisturbed specimens

(1) The method of preparation of test specimens from undisturbed samples of soil dependson
the type of sample and the type of specimen to be prepared.

(2) The approximate mass of soil required for typical laboratory test specimensisgiven in
Table L.4. The stated massis sufficient for one test specimen with some allowance for
wastage due to trimming.

L .4 Preparation of re-compacted specimens

L.4.1 General requirements

(1) Disturbed soil may be re-compacted to form test specimens in accordance with either of
the following criteria:

— compaction using a specified compactive effort at a specified water content;
— achieving a specified dry density at a specified water content.

TableL.2 — Minimum massfor sieving

Largest particle Minimum mass

diameter (D) for seving (MMS)
[mm] (k]
75 120
63 70
45 25
375 15
315 10
2.4 4
20 2
16 15
11,2 600
10 500
8 400
5,6 250
4 200
2,8 150
<2 100
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TableL.3 — Allowable sze of particlesfor compaction tests

Type of test M aximum size of
particle
Compaction — in one-litre mould 20 mm
— in CBR mould 37,5 mm
CBR determination 20 mm

TableL.4 — Massof soil required for testson undisturbed samples

Type of test Specimen dimensions Minimum mass
required
Diameter Height
[mm] [mm] [d]
Oedometer
50 20 90
75 20 200
100 20 350
Compression
-Unconfined 35 70 150
-Unconsolidated-undrained 38 76 200
-Triaxial compression test 50 100 450
70 140 1200
100 200 3500
150 300 12 000
Shear box Planar size
60 x 60 20 150
100 x 100 20 450
300 x 300 150 30000
Density Largest particle size
Largest particle size ® D =5,6 mm 125
D=8mm 300
D =10 mm 500
D>10mm 14 (MMS)°
& D isthelargest particle diameter in significant proportion (10 % or more by mass).
MM S is the minimum mass to be taken for seving, as specified in Table L.2.

(2) Clay soil that isto be re-compacted to form test specimens should not be allowed to dry. If
it is necessary to reduce the water content of the soil, this should be done by air drying. If itis
necessary to add water in order to increase the water content, the water should be well mixed
in and the soil should be allowed to stand in a sealed container for at least 24 hours before
use.

(3) The soil should be broken down before re-compaction.
(4) The upper limit of allowable particle sizes depends upon the size of the test specimen to be

formed. Particles larger than the sizes given in Table L.5 should be removed before preparing
the soil for re-compaction.
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(5) The particle size distribution of are-compacted specimen should be checked before and
after compaction.

TableL.5 — Allowable particle size asa function of size of test specimen

Type of test specimen Maximum s ze of particle
Oedometer consolidation H/52

Direct shear (shear box) H/10

Compressive strength d/s°®

(cylindrical specimen with H/d of about 2)

Permeability d/12

& H=height of specimen,

b d = diameter of specimen

L.4.2 Re-compacted sample larger than test specimen

(1) When preparing specimens for oedometer consolidation, direct shear or compressive
strength tests, the soil should normally be compacted in the specified manner into a suitable
mould that is of alarger size than the desired test specimen. The compacted sample should
then be extruded from the mould and the test specimen should be prepared using the
procedures described for undisturbed samples.

NOTE The method is not suitable for granular soil.

(2) Specimens for permeability tests may be compacted directly into the mould or container in
which the test is performed.

(3) For compaction using a specified effort, the compactive effort applied should normally
correspond to that used in one of the two types of compaction tests specified for the
compaction test (see 5.10 and Annex R). Compaction should be applied in layers, and the top
of each layer should be lightly scarified before adding the next one.

(4) To obtain a specified density, the soil may either be compacted dynamically or
compressed under a static load. Weights and volume measurements should be made after
placing each layer to ensure that the desired density will be achieved. Preliminary trials may
be desirable to establish the appropriate method.

(5) If clay is present in the soil, the compacted sample should be sealed and stored for a curing
period of at least 24 h before extrusion to form test specimens.

L .4.3 Re-compaction of test specimen

(1) For the preparation of small test specimens for direct shear, oedometer or compressive
strength, the soil should be tamped, kneaded or compacted into the appropriate mould, ring or
tube. A suitable hand rammer, the Harvard compaction gpparatus, or a kneading action may
be used. Care should be taken to avoid the formation of cavities within the specimen. The
exact procedure required to obtain the desired density or compactive effort should first be
determined by trial. Details should be recorded so that the procedure can be repeated to
provide a number of specimens of consistent properties.
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(2) Compaction of cylindrical test specimens of 100 mm diameter or more may be carried out
using a compaction rammer. The number of layers and number of blows per layer should be
specified.

(3) If clay is present in the soil, the compacted specimen should be sealed and stored for a
curing period of at least 24 h before use, to allow for dissipation of excess pore water
pressures.

L.4.4 Re-saturation

(1) A re-compacted specimen will invariably be initially unsaturated. Re-saturation will
normally be required before testing, and this should be carried out by using one of the
recognised saturation methods given in the test procedures for shear strength or
compressibility tests. Full saturation should be confirmed by checking the B value, if
applicable.

L.4.5 Remoulded test specimen

(1) Remoulding can be achieved by sealing the soil in a plastic bag where it is squeezed and
kneaded with the fingers for several minutes. A remoulded test specimen is formed by
working the soil into the appropriate mould, e.g. by using atamping rod. This operation
should be carried out as quickly as possible to avoid change of water content, and without
entrapping air. The specimen should then be extruded and trimmed.

L.5 Preparation of recongtituted specimens
L.5.1 Preparation of durry

(1) The soil should be thoroughly mixed with water to form an homogeneous slurry with a
water content above the liquid limit. Preparing the slurry should preferably start from the
natural water content without drying of the soil. Drying of the soil and grinding it to a powder
may change its properties. If necessary, coarser particles can be removed by wet sieving using
an gppropriate sieve. The mixing water may be either distilled or de-ionized, or of the
appropriate chemistry. The slurry should be fluid enough to be poured; awater content about
twice the liquid limit is usually satisfactory.

L.5.2 Consolidation

(2) The cell in which the sample is consolidated should be large enough to provide a test
specimen, or a sample for trimming, to the required size after consolidation. Provision should
be madefor drainage of the sample, without alowing soil particlesto escape.

(2) After pouring the slurry into the mould, initial consolidation should be applied under the
weight of the top plate only, until the specimen ends are stiffened enough to prevent loss of
material under further loading. The vertical stress applied for consolidation should be
sufficient to enable the sample to be handled when consolidated, and should be maintained for
long enough to ensure that consolidation is substantially compl ete.

172



prEN 1997-2:2006 (E)

L.5.3 Specimen preparation

(1) The consolidated sample should be extruded from the cell and trimmed as necessary for
the preparation of atest specimen or specimens.

(2) If one-dimensional consolidation tests are to be performed on the reconstituted soil, they
may be carried out in the cell in which it has been consolidated from slurry.
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Annex M
(informative)

Detailed information on testsfor classification, identification and

description of soil

M.1 Checklists for classification testing

(1) The number of specimens to be tested depends on the variability of the soil and the
amount of experience with the soil and to alesser extent than other soil tests on the
geotechnical problem. Table M.1 gives guidance on the number of classification tests.

(2) Table M.2 presents a checklist for each of soil classification tests included in the
document.

Table M.1 — Classfication tests. Suggested minimum number of samplesto betested in

one soil stratum

Classification test Comparable experience
No Yes

Particle size distribution 4-6 2-4

Water content All samples of Quadlity Class1to 3

Strength index test All samples of Qudlity Class 1
35 1-3

Consistency limits (Atterberg limits)

Lossonignition (for organic and clay | 3-5 1-3

soil)

Bulk density Every element test

Density index As appropriate

Particle density 2 1

Carbonate content As appropriate

Sulfate content As appropriate

pH As appropriate

Chloride content As appropriate

Soil dispersibility As appropriate

Frost susceptibility As appropriate

Table M.2 — Checklist for soil classification tests

Classification test Checklist

Water content Check storage method of samples

Coordinate testing programme with other classification tests
Standard oven-drying method not appropriate for gypsum, organic
soil; precautions may be needed

Report presence of gypsum, organic soil

For coarse soil, correction of measured water content may be
needed

Correction needed for saline soil
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Table M.2 (continued)

Classification test

| Checklist

Bulk density

Test method needs to be selected

Check sampling and handling methods used

For large earthwork projects, method may need to be adapted, or
use field method

For sands and gravels, correction of measured density may be
needed,;

Particle density

Sample preparation (oven-drying versus moist specimen) can
influence results

Check whether materia can have enclosed pores; for such
material, special techniques might be appropriate

Report if material has enclosed pores

If resultsfall outside the range of typical values, consider
additional determinations; mineralogy and organic content will
affect result

Particle size analysis

Selection of test method depends on particle size and gradation
Carbonates and organic matter influence test results; for such
materials, remove carbonates or organic matter if appropriate, or
adapt testing method

Check that correct quartering is used (particle size and sample
representativeness)

Consistency limits
(Atterberg limits)

Selection of test method for liquid limit; severa methods are
acceptable, but fall cone method is recommended

Check storage method of samples

Check specimen preparation, especially homogenisation and
mixing

Check whether drying has been used

Drying can influence results dramatically, and should be avoided
inoven

Soil that oxidise should be tested quickly

Results need not be reliable for thixotropic soil

Density index for

Check storage method of samples

granular soil Select test type to be used
Results are very dependent on procedure used
Prepared specimens have high degree of non-uniformity
Soil dispersibility Need to consder specifying different compaction conditions for

specimens

Avoid drying of the specimen before testing
Need to select test proceduresto use

Need to run classification tests in addition

Frost susceptibility

NOTE Examples of methods for classification, identification and description of soil are given in the

documentslisted in X.4.1.
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M .2 Water content determination
M .2.1 Evaluation of test results

(2) If the water inthe soil is saline, the dissolved salts will remain in the soil after drying and
may give an incorrect water content result. A more appropriate value may be the fluid content
i.e. the mass of fluid (water plus sdts) per unit mass of dry soil.

(2) For acoarse soil, the water content obtained in the laboratory on a sample for which the
maximum grain diameter is limited by the sample size, may differ from the in place water
content. In such acase, the water content should be corrected as a function of the percentage
of grainsthat are larger than the maximum grain diameter.

NOTE  Examples of methods for determination of the water content of soil are given in
the documentslisted in X.4.1.2.

M .3 Bulk density deter mination

M.3.1 Test procedures

(1) The linear measurement method is appropriate for fine soil only. For coarse soil, density
can normally be determined with sufficient accuracy from in situ tests, and more accurately
from measurements on a frozen “undisturbed” sample.

(2) Table M.3 presents a guideline for the minimum number of tests required for one stratum
of clay or silty soil. In the table, a specification of only one test represents a verification of the

existing knowledge.

Table M.3 — Density tests. Minimum number of soil specimensto betested for one soil

stratum
Variability in measured density Compar able experience
None Medium Extensive
Range of measured density > 0,02 Mg/m® 4 3 2
Range of measured density < 0,02 Mg/m® 3 2 1

NOTE  Examplesof methods for determination of the bulk density of soil are giveninthe
documents listed in X.4.1.3.

M .3.2 Evaluation of test results

(1) The test results should be checked by calculating the degree of saturation, which should
not exceed 100 %.

(2) For acoarse soil, the density of dry soil obtained in the laboratory on asample for which
the maximum grain diameter is limited by the sample size, may differ from the in place
density of dry soil. In such a case, the density of dry soil should be corrected as a function of
the percentage of grainsthat are larger than the maximum grain diameter.
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M .4 Particle density deter mination

(1) The volume of material necessary for the determination of soil particle density isvery
small (minimum of 10 g with particle size less than 4 mm). The specimen is usually extracted
from a specimen used for another |aboratory test.

(2) In porous materials with enclosed pores, the particles only have an apparent density. The
density of solid material may be found by finely grinding of the specimens and the amount of
closed pores by using techniques where the volume of open pores are found using water
saturation of these or gas pressure techniques in specialised laboratories. The density of solid
particles should then be measured in the laboratory using a special technique.

(3) Inthe case of soil with organic materias, the laboratory testing should follow special
procedures. Otherwise, the measured va ues should be used with caution.

(4) Modern methods such as the He-pycnometer may be applied. The methods should be
calibrated against one of the methods more commonly used, for example the methods
described in the documents listed in X.4.1.4.

NOTE  Examplesof methods for determination of the particle density of soil are givenin
the documentslisted in X.4.1.4.

M.5 Particle size analysis

(1) For coarse-grained soil (predominantly gravel and/or sand sizes), the particle size
distribution of soil is determined by sieving after washing, and sedimentation is not usually
necessary. For fine-grained soil (predominantly silt and/or clay sizes), the sedimentation
procedure is used, including sieving of any sand-sized particles. For mixed soil (containing all
Size ranges), both seving and sedimentation procedures are used.

(2) Specia care should be taken for tests on clays and organic soil. For example clay particles
may have a cementing effect which can become irreversible during drying at 105 °C, organic
matter becomes partly oxidised during drying at 105 °C.

(3) Modern methods that incorporate detection systems using X-rays, laser beams, density
measurements, and particle counters may also be gpplied. They should be calibrated against
the methods suggested in (2).

NOTE Examples of the methods for the particle size analysis of soil are givenin the
documentslisted in X.4.1.5.

M .6 Consistency limits (Atterberg limits)

NOTE  Examplesof methods for the testing of consistency of soil are givenin the
documents listed in X.4.1.6.
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M .7 Density index test of granular soil

(1) The recommended minimum number of soil specimensto be tested for one soil stratumis
two for the determination of the maximum density and three for the determination of the
minimum dengty.

NOTE  Examplesof methods for the determination of the density index of granular soil
are given in the documents listed in X.4.1.7.

M .8 Soil dispersibility deter mination
M.8.1 General

(1) Some natural clayey soils disperse rapidly in slow moving water by colloidal erosion
along cracks or other flow channels. Such soil are highly susceptible to erosion and piping.
The tendency for dispersive erosion in a soil depends upon the mineralogy and chemistry of
the clay, and the dissolved sdlts in the soil pore water and the eroding water. Dispersive clays
are usudly high sodium content soil.

M .8.2 Test proceduresfor all tests

(1) Dispersibility tests are not applicable to soil with clay content of less than 10 % and with a
plasticity index less than or equal to 4 %.

(2) The recommended minimum number of soil specimensto be tested for one soil stratum is
two for the pinhole test, two for the double hydrometer test, two for the soluble saltsin pore
water test and three for the crumb test. The specification of the number of tests to be carried
out should be based on engineering judgement.

NOTE Examples of methods for the testing of soil dispersibility are givenin the
documentslisted in X.4.1.8.

M .8.3 Pinholetest

(2) It isrecommended to follow the literature listed in X.4.1.8, except that:

— the specimen should be compacted in a Harvard miniature mould at a water content close
to the plastic limit;

— fivelayers should be used for the total specimen height of (38 = 2) mm;

— aconstant compaction effort on each layer should be gpplied such that the resulting dry
density of the sample is equal to 95 % of the maximum dry density determined in the
laboratory from standard compaction test(s).

(2) The presentation of the results should include:

— theresults of classification tests;

— thedensity of tested specimen;

— thewater heads used and testing time under each head;
— theflow rates through specimen;

— thecloudiness of flowing fluid at end of test;

— the hole sze and shape after test;

— theclassification of soil according to standard reference.
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NOTE Examples of methods for the pinhole test are given in the documents listed in
X.4.1.8

M .8.4 Double hydrometer test

(1) The presentation of the results should include the grain size curves obtained with and
without a dispersant solution and mechanical shaking/stirring, and the percentage dispersion.

M .8.5 Crumb test

(1) Presentation of the results should include the soil classification as dispersive or non-
dispersive and details on the reagent used.

NOTE  Examplesof such classifications are given in the documents listed in X.4.1.8.

M .8.6 Sodium and dissolved saltsin saturation extract

(1) The report should present the exchangeable sodium percentage obtained.

NOTE Examples of test procedures for the determination of soluble saltsin the pore
water, are given in the documents listed in X.4.1.8.

M .9 Frost susceptibility deter mination

M.9.1 Test procedures

(1) A samplein its natural state can be obtained unfrozen in soft clayey and silty soil or frozen
inclay, silt and sand (without gravel). If the sample size is not directly suitable for testing, the

sample can be reshaped, if done carefully.

(2) The sample that will be re-compacted can be strongly remoulded as long asthe grain size
distribution has not been modified by the sampling operation.

(3) The diameter of a specimen in its natural state should be at least five times the maximum
grain size, and no less than 75 mm. For a reconstituted specimen, a minimum diameter of
100 mm should be used.

(4) Both natural specimens and reconstituted specimens may be saturated with back-pressure
prior to the frost heave test.

(5) If aCBR test is needed, the test should be carried out on a specimen compacted at a water
content close to the optimum water content, as determined from the compaction curve of a
compaction test.

(6) Generdly one CBR test is carried out per sample. However, several tests should be carried
out to assess the influence of for example water content variations and compactive force.

NOTE  Examplesof test procedures for the determination of frost susceptibility of soil and
evaluations based on index tests are given in the documents listed in X.4.1.9 and X.5.
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M .9.2 Evaluation of test results

(1) A soil isdeemed to be frost-susceptible if it exhibits segregational heaving in the frost
heave test in the laboratory.

(2) The degree of frost action in clayey soils with low permeability is affected by the length of
the winter season, i.e. the altitude and the latitude of the Ste considered. For these soils, the
longer the winter, the more severe the frost action. This should be taken into account in
northern and alpine countries.
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Annex N
(informative)

Detailed information on chemical testing of soil

N.1 General
N.1.1 Test procedures

(1) The above routine chemical tests are based on traditional testing methods which are within
the capability of many geotechnica laboratories. Chemical tests for the presence of other
substances should normally be performed by a specialist chemical laboratory.

(2) One hundred grams of dry soil is sufficient for most chemical testing. Usually a much
larger sample of dried soil will be required at the outset, but avery small sample of dried soil
isrequired for the specific testing. Thorough mixing of the initial sample, and correct sub-
dividing procedures, are essential.

(3) Storage temperature before testing may influence the biological degradation of organic
matter. Whenever possible, the sample material for chemical tests should be kept at a
temperature of 5 °C to 10 °C.

(4) Most test methods include a calibration routine using "blind" samples and reference
samples. Electrochemical methods like pH have well defined calibration schemes with a
number of solutions with known pH.

(5) Specia requirements may call for deviations from the standard procedures, including
specimen preparation. Any procedural deviations should be clearly reported, including the
reasons for the deviations.

NOTE Examples of test procedures for the five chemical tests dedt with are given in the
documentslisted in X.4.2. Equivalent methods also exist in other national standards and in
textbooks.

N.1.2. Number of tests

(1) The number of tests specified should take into account the fact that the organic content,
carbonate content, sulfatecontent, pH value and chloride content can vary widely even within
ageological stratum. Multiple tests on closel y-spaced samples may be necessary to define the
loca variability.

N.2 Organic content deter mination

N.2.1 Test procedures

(1) Theloss on ignition is normally determined on a representative sample of the soil finer
than 2 mm as the mass lost by ignition of a prepared specimen at the specified temperature.

The organic content is caculated on the assumption that the organic massistotally burned by
the ignition, and that the mass lossis only due to the ignition of the organic matter.

181



prEN 1997-2:2006 (E)

(2) The loss on ignition generally relates to the organic content of soil containing little or no
clay and carbonates. For soil with higher percentage of clay and/or carbonate, factors
unrelated to organic content could be responsible for the mgjor proportion of the ignition loss.

(3) A drying temperature lower than the usual (105 + 5) °C is necessary to avoid oxidation of
some organic matter during drying. The examples listed in X.4.2.2 specify adrying
temperature of (50 + 2,5) °C, which might not remove all water. Trials may be necessary to
establish a suitable drying temperature.

(4) The ignition temperature specified in the examplesreferred to in (1) is (440 £ 25) °C, but

other standards specify temperatures up to 900 °C. Caution should be exercised when

specifying an ignition temperature, taking into account the following:

— some clay minerals can begin to disintegrate at temperatures of about 550 °C;

— chemically-bound water may vanish at lower test temperatures; for example in some clay
minerals, this can start at 200 °C, and gypsum dis ntegrates at from about 65 °C;

— sulfidemay oxidise, and carbonates disntegrate, in the range 650 °C to 900 °C.

For most purposes, an ignition temperature of 500 °C or 520 °C is appropriate.

(5) The drying and ignition periods should be sufficient to ensure that equilibrium has been
achieved. If the period of ignitionislessthan 3 h, the report should document that constant
mass was confirmed by repeated weighing.

NOTE Examples of test procedures for the determination of organic content are given in the
documents listed in X.4.2.2.

N.2.2 Evaluation of test results

(1) The quantity of organic carbon and organic matter can be related to loss on ignition, if the
latter is corrected for other expelled constituents.

(2) The organic content can be determined by a direct measurement of the content of organic
carbon, by which the errors in the loss on ignition method can be avoided.

N.3 Carbonate content deter mination
N.3.1 Test procedures

(1) Examples of test procedures for the determination of carbonate content are given in the
documents listed in X.4.2.3. For the purpose of this standard, the rapid titration method is the
preferred procedure. This method should give results that are accurate enough for soil,
provided that care istaken to ensure that the dissolution processis finalised, and that
sufficient duplicate tests are performed.

(2) Other examples given in the documents listed in X.4.2.3 determine the carbonate content

by measuring the liberated carbon dioxide (CO,) in a gasometer under controlled temperature
and atmospheric pressure.
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N.3.2 Evaluation of test results

(1) The carbonate content in percentage carbonate in the sample is expressed as the amount of
CO,. Thisisformally correct but impractical for design. The results may be givenin
equivalent calcium carbonate CaCQOs, i.e. the carbonate composition for most soil types. The
amount of equivalent CaCOs is obtained from the amount of CO; by the equation:

CaC0O3=2.273+ CO,
where

CaCOsz;  isthe CaCOs content as percentage of dry weight;
CO, isthe CO, content as percentage of dry weight.

N.4 Sulfatecontent determination
N.4.1 Test Procedures

(1) The gravimetric method for analysis of acid or water extract or groundwater, mentioned
here is suggested as the preferred one, unless it can be shown by pardlel analysis that an
alternative method has equal or better accuracy.

(2) The crystalline form of calcium sulfate, gypsum (CaSO, ¢ 2H,0) should be dried out at a
temperature of 50 °C. Gypsum-bearing samples begin to lose their water of crystallisation at
temperatures higher than about 65 °C, which can give rise to erroneously high measured
water contents.

(3) The relationship between SO; and SO, is given by SO, = 1,2 SO;, with SO; and SO,
contents expressed as a percentage.

NOTE Examples of test procedures for the determination of sulfate content are given in the
documents listed in X.4.2.4.

N.4.2 Evaluation of test results

(1) The interpretation should consider that the solubility of calcium sulfate in water is low, but
in geological time, appreciable quantities can dissolve as occurs, for example, in karstic
formations. Particular care is needed when results are marginal with respect to classification
categories.

(2) The presence of certain other substances (notably sulfides and sesgioxides) can affect the

chemicad reactions, which then influence the test results. Sulfidesin soil can oxidise in the
long term to produce additiond sulfates.
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N.5 pH value determination (acidity and alkalinity)
N.5.1 Test procedures

(1) Several methods are available for determining values of pH. Of these, the electrometric
method, which gives a direct reading of pH ether in a prepared suspension of soil or in
groundwater, is recommended as the definitive method.

N.5.2 Evaluation of test results

(1) Erroneous test results can be caused by:

— omitting or wrong calibration of the pH meter before and after each set of tests;

— inadequate protection of electrodes when the instrument is not in use

— failureto allow the pH meter to reach a stable condition before taking pH readings;
— contamination due to inadequate washing of containers for sampling groundwater.

NOTE Examplesof test procedure for the determination of the pH value are given in the
documents listed in X.4.2.5.

N.6 Chloride content deter mination
N.6.1 Test procedures

(1) Procedures for determination of chloride content include:

— Mohr’s method for water-soluble chlorides;

— Volhard’ s method for acid-soluble or water-soluble chlorides;
— €electrochemical procedures.

(2) Thefirst two methods make use of the exchange reaction between the chlorides and silver
nitrate, but different methods of analysis are used. Both methods require careful observation
and weighing. The third method is based on the measurement of conductivity in dilutions of
the sample with known water content.

(3) The presence of chlorides can be confirmed from a quick qudlitative test: take about 5 ml
of filtered groundwater, or of 1:1 soil-water extract, in atest-tube. If thisis highly akaline
(pH 12-14), add afew drops of nitric acid to acidify it. Add afew dropsof 1 % silver nitrate
solution. Appreciable turbidity indicates that chlorides are present in a measurable quantity,
which can be determined from one of the test procedures.

(4) Volhard’ s method is the basis of the tests given in 7.2 (water-soluble chlorides) and 7.3
(acid-soluble chlorides) of BS 1377-3:1990 and of the method given in BS 812-118:1988 for
mineral aggregates. In principle, an excess of silver nitrate solution is added to the acidified
chloride solution and the unreacted portion is back-titrated with potassium thiocyanate, with
ferric aluminium used as an indicator.

(5) In Mohr’ s method, the test solution and a blank for comparison are each titrated with
0,02 N silver nitrate solution, potassium chromate being used as an indicator. This method is
preferable for determining chloridesin groundwater.

NOTE Examples of test procedures are given in the documents listed in X.4.2.6.
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N.6.2 Evaluation of test results

(1) The theoretical relationship between salinity expressed as sodium chloride content and
chloride content need not hold due to the very mobile nature of the chloride anion.
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Annex O
(informative)

Detailed information on strength index testing of soil

(1) Table O.1 suggests a summary checklist on the test procedures for the strength index tests
for soil included in this standard.

Table O.1 — Checklist for strength index tests on clayey soil

Strength index test | Checklist

Any strengthindex | Tests provide gpproximate index of shear strength
test
Thereis alarge uncertainty in the measurements

Use results cautiously for non-homogeneous and jointed/slickensided
soil

All results are affected by the applied testing rate

Test repeatability needs to be checked

Laboratory vane Test providesin addition a measure of sensitivity and remoulded shear
strength

Check mode of rotation (hand-operated versus motorised)

Tests can be performed on extruded samples or in sampling tube

Fal cone Test can be performed on extruded samples or in sampling tube on
intact material. This can be supplemented with atest on remoulded
material to establish the sensitivity i.e. the ratio between intact and
remoulded strength data

Provides in addition a measure of sensitivity on remoulded specimen
Check wear ontip of cone

Check tip cone angle

NOTE  Examplesof test procedures for the laboratory vane and fall cone strength index
tests are given in the documentslisted in X.4.3.
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Annex P
(informative)

Detailed information on strength testing of soil

P.1 Triaxial compression tests
P.1.1 Number of tests

(1) Table P.1 gives guidelines for the minimum number of tests required as a function of the
variability of the soil and existing comparable experience with the type of soil. If only one test
set is required, the test isrun to provide a verification of existing knowledge. If the new test
results do not agree with the existing data, more tests should be run.

(2) The number of tests may be reduced if shear stress data are available from other testing
methods, for example, field tests.

NOTE Examples of test procedures for the triaxial compression tests are given in X.4.4.
P.1.2 Evaluation of test results

(2) In addition to afactual evaluation, the undrained shear strength should be checked agai nst
correlations with the soil type, plagticity index, etc. The undrained shear strength evaluations
should berelated to the type of test that produced the results.

(2) The angle of shearing resistance should be checked against correlations with the soil type,
plasticity, density index, etc. Laboratory and the in Situ stress conditions (e.g. axi-symmetrical
versus plane strain conditions) should be carefully considered and in relevant cases, the angle
of shearing resistance should be adjusted. Relations with for example the results of cone
penetration tests and existing correlations with angle of shearing resistance should also be
included.
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Table P.1 — Triaxial compresson tests. Recommended minimum number of testsfor
one soil stratum

Recommended number of teststo determine the effective angle of shearing
resistance ®

Variability in strength envelope Comparable experience
Coefficient of correlation r on regression curve None Medium| Extensive
r<0,95 4 3 2
0,95 << r <0,98 3 2 1

r >0,98 2 1 1
Recommended number of teststo determine the undrained shear strength 2
Variability in undrained shear strength Comparable experience

(for same consolidation stress) None Medium| Extensive
Ratio max/min values > 2 6 4 3
1,25 < Ratio max/min value < 2 4 3 2
Ratio max/minvalue < 1,25 3 2 1

& One recommended test means a set of three individual specimens tested at different
cell pressures.

P.2 Consolidated direct shear box tests
P.2.1 Test procedures

(1) The direct shear (box or ring shear) test is run preferably for soil and stability conditions
where adistinct rupture plane is expected to develop or when the strength characteristics of an
interface are to be determined.

(2) Comparative studies show that the test results of direct (trandational) shear box and ring
shear box tests arein good agreement. The preparation of the specimenis easier in the
translational shear box test. The stresses are more homogeneous in the ring shear test but the
strains are not uniform. It is easier to produce large strains and thus determine the residual
strength of a soil inthe ring shear apparatus than in the translational shear box gpparatus.

(3) Twice as much material as needed for the number of specimens tested should be taken
from the stratum.

NOTE Examples of procedures for direct shear testing are given in documents listed in
X.4.4.4.

P.2.2 Number of tests
(1) Table P.2 gives a guideline for the recommended minimum number of tests required asa
function of the variability of the soil and existing comparable experience with the type of soil.

The recommendation applies to the case when direct shear tests are used aone to determine
the shear strength of a soil stratum.
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Table P.2 — Direct shear tests. Recommended minimum number of testsfor one soil

stratum.

Recommended number of tests?

Variability in strength envelope

Comparable experience

Coefficient of correlation on regression curve None Medium | Extensive
Coefficient of correlation < 0,95 4 3 2
0,95 < Coefficient of correlation < 0,98 3 2 2
Coefficient of correlation > 0,98 2 2 1°

& One recommended test means a set of three individual specimens tested at different

normal stresses.

® A singletest and classification tests to verify compatibility with comparable
experience. If the test results do not agree with the existing data, additional tests

should be run.
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Annex Q
(informative)

Detailed infor mation on compressibility testing of soil

Q.1 Number of tests

(1) For asoil stratum which contributes significantly to the settlement of astructure,

Table Q.1 gives aguideline for the minimum number of oedometer tests required as a
function of the variability of the soil and the existing comparable experience with the type of
soil.

(2) The number of specimens tested should be increased if the structure is very sensitive to
settlements. In Table Q.1, a specification of only one test represents a verification of the
existing knowledge. If the new test results do not agree with the existing data, additional tests
should be run.

Table Q.1 — Incremental oedometer test. Recommended minimum number of testsfor
one soil gratum

Variability in oedometer modulus Eqeq Comparable experience

(in therelevant stressrange) None Medium Extensive
Range of values of Eped > 50 % 4 3 2

~20 % < Range of values of Eped < =50 % 3 2 2
Range of values of Eged < =20 % 2 2 18

& One oedometer test and classification tests to verify compatibility with comparable
knowledge (see Q.1 (2)).

Q.2 Evaluation of compressibility characteristics

(1) There are four widdly used methods to determine the compressibility of a soil:
— back-calculations of measured settlements;

— empirical evaluation of indirect in situ investigations such as soundings;

— measurements by in situ tests, such as plate load and pressuremeter tests;

— compression tests with soil samplesin the laboratory.

(2) Back-calculation from measured settlements under comparable stresses can be areliable
method to assess the compressibility characteristics (layered ground, load redistribution and
time effects may be difficult to take into account). For foundations on sand and gravel, field
tests such as soundings are often used: these are interpreted empirically, most often based on
comparable experience. In cases where sands, coarser soil, silts and clays are expected, a
combination of field and laboratory methods is desirable. Laboratory compressibility tests are
most reliable for fine-grained and organic soil, when quality class 1 samples are relatively
easy to obtain.

NOTE Examples of test procedures are given in the documents listed in X.4.5.
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Annex R
(informative)

Detailed information on compaction testing of soil

R.1 Test procedures applicableto both test types

(1) The minimum number of soil specimensto be tested for one soil stratum isthree. The
number of tests specified should be based on engineering judgement.

(2) The number of tests to be carried out should be selected considering the variation of the
particle size distribution, the consistency limits and the quantity of material to be compacted.
For dams, road construction etc., the number of tests to be run may be found in the relevant
standards.

NOTE Examples of test procedures for compaction testing of soil are givenin the
documents listed in X.4.6.
R.2 Requirements specific to compaction tests

(1) The most frequently used compaction tests are the Standard and the Modified (Proctor)
Compaction Tests.

(2) Some highly permeable soils such as clean gravels, uniformly graded and coarse clean
sands do not yield awell defined maximum density. Therefore an optimum water content
might be difficult to obtain.

(3) For tiff fine-grained soil, suggested methods are to shred the soil so that it can pass
through a5 mm test Seve, or to chop it into pieces to pass through a 20 mm test Sieve.

(4) For tiff fine-grained soil which needs to be shredded or chopped into small lumps, the
results of a compaction tests depend on the size of the resulting pieces. The densities obtained
from the test will not necessarily be directly related to densities obtained in situ.

(5) For soil not susceptible to crushing, only one sample may be used for testing. The sample
can be used several times after increasing progressively the amount of water. The departure
from the common procedure should be mentioned in the report.

(6) For soil containing particles that are susceptible to crushing, separate batches at different
water contents should be prepared.

R.3 Requirements specific to California Bearing Ratio (CBR) test

(1) In situ tests may be carried out, but the laboratory test is the definitive procedure.

(2) Tests may be carried out on either undisturbed or re-compacted materid.
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(3) The moisture content of the soil should be chosen to represent the design conditions for
which the test results are required.

(4) The CBR test should be carried out on materia passing through the 20 mm test sieve. If
the soil contains particles retained on the 20 mm sieve, these particles should be removed and
weighed before preparing the test specimen. If the fraction retained on the 20 mm sieveis
greater than 25 % by mass of the fraction passing through the 20 mm sieve, the CBR test is
not applicable.

(5) Where arange of water contents is to be investigated, water should be added to or
removed from the natural soil after disaggregation. The sample should not be allowed to dry.

NOTE Examples of test procedures are given in the documents listed in X.4.2.
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Annex S
(informative)

Detailed information on permeability testing of soil

S.1 Test procedures

(1) Twice as much material as needed for the number of specimens to be tested should be
taken from the stratum.

(2) The specimens to be tested should be selected to represent the extremes in relevant soil
properties, i.e. composition, density index, void ratio, etc.

(3) Asaguideline, the hydraulic gradient in clays and silts should be less than 30 and less
than 10 in sand.

(4) Depending on soil type and required accuracy of coefficient of permeability, the required
degree of saturation in the permeability test should be considered.

NOTE Examples of procedures for testing the permeability of soil are givenin the
documents listed in X.4.7.
S.2 Number of tests

(1) Table S.1 gives a guideline for the minimum number of tests required as function of the
variability of the soil and existing comparable experience with the type of soil.

Table S.1 — Permeability tests. Recommended minimum number of soil specimensto be
tested for one soil stratum.

Variability in Comparable experience
measur ed coefficient of permeability (k) None Medium| Extensive
Krrex/Kmin > 100 5 4 3

10 < Kmax/Kmin < 100 5 3 2
Ko/ Knin < 10 3 2 12

& A sngletest and classification tests to verify compatibility with existing
knowledge.

(2) In Table S.1, a specification of only one test represents a verification of the existing
knowledge. If the test results do not agree with the existing data, additional tests should be
run.

S.3 Evaluation of test results
(1) There are four widely used methods to determine the coefficient of permeability
(hydraulic conductivity):

— field tests, such as pumping and borehole permeability tests;
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— empirical correlations with grain size distribution;

— evaluation from an oedometer test;

— permesability tests on soil specimens in the laboratory.

The evaluation of the coefficient of permeability can be optimised by a combination of these
methods.

(2) Even in a homogeneous soil stratum, there can be alarge variation in the coefficient of
permeability due to small changesin stresses, void ratio, structure, particle size and bedding.
The most reliable method to obtain avalue of the coefficient of permeability isafield testing
method.

(3) Even in a homogeneous soil stratum, the coefficient of permesability of a soil layer should
be described by upper and lower limit values.

(4) For siltsand clays, the derivation of the coefficient of permeability from incremental
oedometer test results only gives an gpproximate estimate. Congtant rate of strain oedometer
tests provide a more direct measure of the permeability.

(5) In homogeneous sand, the coefficient of permeability may be assessed in a reasonably
accurate manner from correlations with the grain size distribution.

(6) For clay, silt and organic soil where undisturbed samples of high quality can be obtained,
laboratory tests may give reliable test results. The representativeness of the specimens tested
should be carefully checked.

(7) For some types of soil, the degree of saturation may influence the coefficient of
permeability up to as much as three orders of magnitude.

(8) The chemistry of the permeant may change the coefficient of permeability by several
orders of magnitude.

194



prEN 1997-2:2006 (E)

Annex T
(informative)

Preparation of specimen for testing on rock material

(1) The ISRM Suggested Methods for Rock Characterisation, Testing and Monitoring do not
contain a specific requirement for preparation of rock specimens. However, most of the test
methods contain a section on preparation of samples, with requirements on sample volume,
sample quality, preparation method, specific dimensions and tolerance checks on dimensions
and shape.

(2) Examples of the common practice for preparing rock core specimens and determining
dimensional and shape tolerances are given in the document listed in X.4.8. In the following
paragraphs, extracts of, and comments on, these documents are given.

(3) It isnot always possible to obtain or prepare rock core specimens which satisfy the
desirable criteria given in the ISRM suggested methods, for example for weaker, more
porous, and poorly cemented rock types and rock types containing structura features.

(4) All instruments and assemblies for determining straightness, flatness and perpendicularity
of end surfaces should be controlled on aregistered regular time bass having tolerances
satisfying at least the requirements of the specific rock tests.

(5) Most unfractured cores taken by single tube, double tube or triple tube core barrels usng
rotary drilling techniques can be used with or without re-coring after a trimming of the end
bearing surfaces. Blocks collected directly from arock formation may also be used, if the
orientation of the block is clearly indicated on the sample that will be used for re-coring the
test specimens.

(6) The required sample volume depends on the test programme. For many purposes, samples
300 mm to 1000 mm long with a diameter greater than 50 mm should be sufficient for
preparing rock specimens for a group of classification, strength and deformation tests.

(7) The required quantity of cores depends highly on the natural and induced fissuring of the
rock materid. Theinitial description of the core should include an evaluation of the degree of
fissuring and homogeneity. This description should be used when selecting the core sections
for testing.

(8) Selection of test specimens from zones of the core without fractures may lead to non-
representativeness of the test specimens for the formation. This should be taken into account
in the reporting.

(9) For weaker rocks (sedimentary rocks), the sample treatment is extremely important for
deformability, strength and swelling tests. The rock samples for such tests should be packed
in the field as soon as obtained from the core barrel. Even a short exposure may change the
water content and the inherent properties of the rock.
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Annex U
(informative)

Classification testing of rock material

U.1 General

(1) The classification of the rock mass based on cores calls for the highest possible core
recovery to identify discontinuities and possible cavities. The disturbance of the core from the
drilling process should be minimised since most rock quality designations relate to the
fractures found in the cores.

(2) Most classification systems relate to cores and rotary drilling samples with a sample
diameter of at least 50 mm. For most tests, a non-fractured core length of 50 mm to 200 mm
long is sufficient for element testing.

NOTE 1 Examples of tests for the classification of rock are given in the documents listed in
X.4.9.

NOTE 2 Nationally and internationally recognised classification systems exist for different
purposes. Rock mass classification systems, based on semi-numerical methods, exist for
engineering purposes as summarised by Bieniawski (1989) Engineering Rock Mass
Classification, (see X.5).

U.2 Rock identification and description

(1) EN 1SO 14689-1 applies to the description of rock for geotechnics in civil engineering.
The description is carried out on cores and other samples of natural rock and on rock masses.

(2) Any published and locally approved classification system may be used, provided the
report gives atraceable reference.

NOTE Examples of additional description procedures are given in the documentslisted in
X.49.1

U.3 Water content

U.3.1 Test procedures

(2) If specified, accuracy checks should be carried out by comparing results on specimens
taken in parallel within the same formation.

NOTE Examples of test procedures are given in the documents listed in X.4.9.2.

U.3.2 Number of tests

(1) In general, the water content should be taken at least one per metre of core.
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U.4 Density and porosity
U.4.1 Test procedures

(1) The determination of the porosity (or void ratio) calls for a determination of the density of
solid particles (or an estimate of it based on loca experience with similar rock type).

(2) The existence of closed pores may influence the porosity. Determination of the total pore
volume may be based on the density of solids of a powdered sample, however the
determination of the amount of open and closed pores cadls for specialised analysis.

(3) Methods using mercury displacement should be avoided.

NOTE Examples of test procedure are given in the documents listed in X.4.9.3.

U.4.2 Number of tests

(1) The density and porosity should be determined once & least every two metres, and at least
once for each differentiated rock type unit, regardless of the rock homogeneity. The

density/porosity parameters represent part of the framework for most evaluations of rock
strength and deformation properties.
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Annex V
(informative)

Swelling testing of rock material

V.1 General

(1) Undisturbed rock specimens should preferably be tested where possible, since rock fabric
has an important effect on swelling characteristics. Where the sample is too weak or too
broken to allow preparation, such asjoint fill material, the swelling index tests may be carried
out on remoulded and re-compacted specimens. The procedures used should then be described
in the report.

(2) Table V.1 gives aguideline for the minimum number of swelling tests required for
different specimen dimensions. The suggestions apply for sites with alimited risk of
occurrence of swelling rock types. For sites with rock types more likely to be subject to
swelling, the number of tests should beincreased to at least the double of the numbers given
in the table. Other advanced tests may be better suited to determine the in situ swelling
performance.

NOTE Examples of testsfor swelling of rocks are given in the documents listed in X.4.10.

V.2 Swelling pressureindex under zero volume change

(1) The testing apparatus may often be an ordinary oedometer cell for soil consolidation.
However, the apparatus should be very stiff in order to avoid influence of deformations of the
cell itself.

NOTE Anexample of atest for the swelling pressure index under zero volume change is
given in the document listed in X.4.10.1.
V.3 Swelling strain index for radially-confined specimen with axial surcharge

(1) The example specifies aloading device capable of applying a sustained pressure of 5 kPa
to the specimen under water flooding. However, more appropriate to represent the field, may
be specified. The report and any evaluation should include description of any such procedural
deviations.

NOTE Anexample of atest for swelling strain developed in an unconfined rock specimen
is given in the document listed in X.4.10.2.
V.4 Swelling strain developed in unconfined rock specimen

NOTE  Anexample of testsfor swelling strain developed in an unconfined rock specimen
is given in the document listed in X.4.10.3.
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TableV.1 — Swelling testson rocks. Recommended minimum number of rock
specimensto betested in one formation

Ted type Minimum Minimum Minimum Notes
thickness diameter number of
test specimens

(1)
Swelling pressure 15 mmand/or | 2,5 times 3 Specimen
index under zero 10timesmax | thickness should fit
volume change particle size closely inthe

ring
2
Swelling strainindex | 15 mmand/or | 4 times 3+ duplicate | Specimen
for radially confined 10timesmax | thickness specimensfor | should fit
specimen with axial particle size water content | closely inthe
surcharge ring
©)
Swelling strain 15 mmand/or | 15 mmand/or | 3+ duplicate | —
developed in 10timesmax | 10timesmax | specimensfor
unconfined rock particle size particle size water content
specimen
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Annex W
(informative)

Strength testing of rock material

W.1 Uniaxial compressive strength and deformability
W.1.1 Test procedures

(1) The test procedure should follow the examplesin X.4.11.1 for uniaxial compressive
strength testing and deformability testing. 1n addition the modifications prescribed in W.1
may be used.

(2) The test procedure described in ISRM contains two levels of testing:
— Part 1: Method for determining the uniaxial compressive strength of rock materids;
— Part 2: Method for determining deformability of the rock materials in compression.

(3) The first method provides the compressive strength, the second method gives in addition
the axial deformation modulus (Y oung’s modulus) and Poisson's ratio. The second method is
preferred.

(4) The procedures suggested by the reference ISRM are extremely difficult to conform to,
especially with respect to sample preparation and geometrical tolerances. The practice
recommended in this informative annex is less strict. Although the procedures recommended
by ISRM are desirable, a set of minimum requirements is given herein. It is considered more
important to run a greater number of tests than fewer tests on higher quality specimens.

(5) The following amendments should be made to the ISRM procedure.

— Thediameter of the platens should be between D and (D + 10) mm, where D isthe
diameter of the sample. Provided it can be ensured that the stiffness of the plate is
sufficient, the platen diameter may be greater than (D + 10) mm. Special provisions are
required to centre the specimen properly.

— At least one of the two end platens should incorporate a spherical seet.

— Test specimens should beright circular cylinders having a height to diameter ratio
between 2 and 3 and a diameter not less than 50 mm. The diameter of the specimen
related to the largest grain in the rock may in the case of weak rock be aslow as 6:1.
However, aratio of 10:1 is preferred.

— Theends of the specimen should be flat within 0,02 % of the specimen diameter and
should not depart from perpendicul arity to the axis of the specimen by more than 0,1°.

— Theuse of capping materials or end surface trestments other than machining is not

permitted except when testing soft rocks, where the mechanical characteristics of the
capping materials should be better than the rock to be tested.
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The diameter and the height of the test specimen should be determined to the nearest
0,1 mmor 0,2 %, whichever is the greatest.

Regarding strain gauge measurements of radial and axial strains, the length of the gauges
should be at least ten times the grain size. The measurements should be carried out on the
mid third part of the test specimen to avoid influences from friction and stress non-
homogeneities at the ends. M easurement of vertical strain over the whole specimen height
isallowed if it can be shown that practically the same result is obtained as when the strain
is measured over the middle third of the specimen height.

The load should be applied on the specimen at a constant stress rate or constant strain rate
such that failure occurs within 5 min to 15 min. If cycles of loading and unloading are
performed to define better deformation parameters, the time for such should be excluded
from the before-mentioned time period.

The machine to be used for applying and measuring axial load to the specimen should be
of sufficient capacity and capable of applying load at constant rate. The parallelism of the
machine platens should be checked.

(6) Initial deformations may include bedding of the specimen ends to the compression
machine and/or closure or micro-cracks in the test specimen. Measurement of the total
vertical deformations by using only the distance between the two steel platens of the machine

may lead to false deformation properties.

W.1.2 Number of tests

(1) The characteristics of rock may vary greatly as function of lithology, diagenesis or
induration, stress history, weathering, and other natural processes, even within ageological

stratum. Table W.1 gives a guideline for the minimum number of uniaxial compressive tests
as afunction of the variability of the rock and existing comparable experience.

TableW.1 Uniaxial compression tests. Recommended minimum number of test

specimensto betested for one formation, Brazil testsand triaxial tests

Standard deviation of measured
strength

Comparable experience

(9 None Medium Extensive
s> 50 % of mean 6 4 2
20 % of mean < s< 50 % of mean 3 2 1
s< 20 % of mean 2 1 o*

a

nearby locations.

Only valid for very homogeneous rock types with extensi ve experience from

W.2 Point load test

W.2.1 Test procedures

(1) The example listed in X.4.11.2. should be followed.
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(2) The test can be run with portable equipment or using a laboratory testing equipment, and
may be conducted either in the field or in the laboratory.

(3) Rock specimensin the form of either core (the diametrical and axial tests), cut blocks (the
block test), or irregular lumps (the irregular lump test) may be used for testing provided the
reference (for instance ISRM) specifications of shape and dimensions are followed.

W.2.2 Number of tests

(1) The mean value of the Point Load Strength Index is used to classify samples or strata. To
get a representative mean value, the minimum number of single tests should be five.

(2) For rock characterization and predictions of other strength parameters, a higher number of
tests than specified in W.1.2, is necessary. Generaly, at least 10 separate tests per stratum
should be carried out.

W .3 Direct shear test

W.3.1 Test procedures

(1) The example listed in X.4.11.3 should be followed.

(2) The following amendments may be recommended to the ISRM procedure.

— Thetesting machine should have atravel greater than the amount of dilatation or
consolidation expected, and should be able of maintaining normal load to within 2 % of a
selected value throughout the test. Dilation should be measured during the test with the
same accuracy as the shear displacements.

— Therate of shear displacement should be less than 0,1 mm/min in the 10 min period
before taking a set of readings. If automatic data logging is used, there may be no need for
areduction of the rate of shear displacements to 0,1 mm/min.

— The specimen should be reconsolidated under each new normal stress, and shearing
continued according to criteriagiven in ISRM. If sample surfaces are cleaned before
beginning a new testing phase, or the samples are unloaded before repositioning, this
should be noted in the test report. The appearance of the material removed by cleaning
should be described.

(3) The direct shear strength may aso be determined by field tests. This requires a detailed
assessment of the field characteristics of the discontinuities.

(4) Theresultsare utilised in, for example, equilibrium analysis of slope stability problems or
for the stability analysis of dam foundations, tunnels and underground openings.

(5) Rock specimensin the form of either cores or cut blocks may be used. The test plane
should preferably have a minimum area of 2 500 mm?. In case of unfilled joints, the diameter
or the edge (in the case of a square cross-section) of test specimens should preferably be
related to the size of the largest grain in the rock by aratio of at least 10:1. The ratio between

202



prEN 1997-2:2006 (E)

joint length and shear box size is recommended not to be less than about 0,5 to avoid possible
instability problems of the shear apparatus.

(6) Equipment for cutting the specimen, for example alarge-diameter core drill or rock saw
should be used. Percussive drills, hammers and chisels should be avoided as the samples have
to be as undisturbed as possible.

(7) The direction of the test specimen in the testing machine is usually selected such that the
sheared plane coincides with a plane of weakness in the rock, for example ajoint, plane of
bedding, schistosity or cleavage, or with the interface between soil and rock or concrete and
rock.

W.3.2 Number of tests

(1) A shear strength determination should preferably comprise at least five tests on the same

test horizon or from the same joint family, with each specimen tested at adifferent but
constant normal stress in the applicable stress range.

W .4 Brazil test

W.4.1 Test procedures

(1) The example listed in X.4.11.4 should be used.

(2) Test specimens should be cut with specimen diameters (D) not less than the core size,

(D = 54 mm), with athickness approximately equd to the specimen radius. The cylindrical
surface should be free from obvious tool marks. Any irregularities across the thickness of the
specimen should not exceed 0,025 mm. End faces should be flat within 0,25 mm and parallel
towithin 0,25°.

(3) For shade and other anisotropic rock, it is recommended to cut test specimens parallel to
and perpendicular to the bedding. For specimens cut parallel to the direction of the bedding,
the direction of the load should also be specified.

W.4.2 Number of tests

(1) Table W.1 gives a guideline for the minimum number of Brazil tests as a function of the
variability of the rock and existing comparable experience. For rock characterisation and
predictions of other strength parameters a higher number of testsis necessary.

W.5 Triaxial compression test

W.5.1 Test procedures

(1) The example listed in X.4.11.5 should be followed.

(2) Test specimens should be cut with specimen diameter (D) not less than the core size,

(D =54 mm), and the height equal to 2 to 3 times the diameter as defined in 5.4 and with the
specifications in accordance with X.4.8.
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W.5.2 Number of tests

(1) Table W.1 gives aguideline for the minimum number of triaxial compression tests as a
function of the variability of the rock and existing comparable experience. For rock
characterisation and predictions of other strength parameters a higher number of testsis
necessary.
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Annex X
(informative)
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(Konsistenzgrenzen) - Teil 1: Bestimmung der Flief3- und Ausrollgrenze (Soil, investigation
and testing Consistency limits Part 1: Determination of liquid limit and plastic limit)

NF P 94-051:1993, Sols. reconnaissance et essais - Détermination des limites d'Atterberg -
Limite de liquidité a la coupelle - Limite de plasticité au rouleau (Soils. investigation and
testing. Determination of Atterberg’slimits. Liquid limit test usng Casagrande apparatus.
Plastic limit test on rolled thread)

NF P94-052-1:1995, Sols: Reconnai ssance et Essais— Détermination des limites d’ Atterberg
— Partie 1 : Limite de liquidité — Méthode du cone de pénétration (Soil : investigation and
testing. Atterberg limit determination. Part 1: liquid limit. Cone penetrometer method)

BS 1377-2:1990, Methods of test for soil for civil engineering purposes — Part 2:
Classification tests; Clause 4 Determination of the liquid limit

BS 1377-2:1990, Methods of test for soil for civil engineering purposes — Part 2:
Classification tests; Clause 5 Determination of the plastic limit and plasticity index

SN 670 345:1959, Essais; Limites de consistance / Versuche; Konsistenzgrenzen

SS 0271 20: 1990, Geotechnical tests— Cone liquid limit

SS 0271 21: 1990, Geotechnical tests— Plastic limit

X.4.1.7 Determination of the density index of granular soil

BS 1377-4:1990, Methods of test for soil for civil engineering purposes — Part 4:
Compaction related tests; Clause 4 Determination of maximum and minimum dry densities
for granular soils

NF P 94-059:2000, Sols : Reconnaissance et Essais — Détermination des masses volumiques
minimale et maxi male des sols non cohérents (Soils : investigation and testing -
Determination of minimal and maximal density of cohesionless soils)

X.4.1.8 Soil dispersibility determination

BS 1377-5:1990, Methods of test for soil for civil engineering purposes — Part 5:
Compressihility, permeability and durability tests; Clause 6 Determination of dispersibility

X.4.1.9 Frost susceptibility deter mination

SN 670 321:1994, Essais sur les sols- Essai de gonflement au gel et essai CBR aprésdégel /
Versuche an Bdden - Frosthebungsver such und CBR-Versuch nach dem Auftauen
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BS 1377-5:1990, Methods of test for soil for civil engineering purposes — Part 5:
Compressihility, permeability and durability tests; Clause 7 Determination of frost heave

X.4.2 Chemical testing of soil and groundwater
X.4.2.1 General

BS 1377-3:1990, Methods of test for soil for civil engineering purposes — Part 3: Chemical
and electrochemical tests

X.4.2.2 Organic content determination
BS 1377-3:1990, Methods of test for soil for civil engineering purposes — Part 3: Chemical
and electrochemical tests; Clause 4 Determination of the massloss onignition or an

equivalent method

ASTM D2974:1987, Test methods for moisture, ash, and organic matter of peat and other
organic soils

NF P 94-055:1993, Sols : Reconnaissance et Essais — Détermination de la teneur pondérale
en matieres organiques d’ un sol — Méthode chimique (Soils: investigation and testing.
Determination of the organic matter content. Soil chemical test)

XP P94-047:1998, Sols: Reconnaissance et Essais— Détermination de la teneur pondérale en
matiére organique— Méthode par calcination (Soils: investigation and testing. Determination
of the organic matter content. Ignition method)

SS 0271 05:1990, Geotechnical tests — Organic content — Ignition loss method

SS 0271 07:1990, Geotechnical tests — Organic content — Colorimetric method

X.4.2.3 Carbonate content determination

BS 1377-3:1990, Methods of test for soil for civil engineering purposes — Part 3: Chemical
and electrochemical tests; Clause 6 Determination of the carbonate content

DIN 18129:1996, Baugrund, Untersuchung von Bodenproben - Kalkgehaltsbestimmung (Soil,
investigation and testing - Determination of lime content)

Head K.H., Manual of Soil Laboratory Testing. Vol.1: Soil Classification and Compaction
Tests, 2nd ed;Vol 1:1992

NF P 94-048:1996, Sols : Reconnaissance et Essais — Détermination dela teneur en
carbonate — Méhode du calcimétre (Soil: investigation and testing - Determination of the
carbonate content - Calcimeter method)

X.4.2.4 Sulfate content deter mination

BS 1377-3:1990, Methods of test for soil for civil engineering purposes — Part 3: Chemical

and electrochemical tests; Clause 5 Determination of the sulfate content of soil and
groundwater
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X.4.2.5 pH Value deter mination (acidity and alkalinity)

BS 1377-3:1990, Methods of test for soil for civil engineering purposes — Part 3: Chemical
and electrochemical tests; Clause 9 Determination of the pH value

X.4.2.6 Chloride content deter mination
BS 812-118:1988, Testing aggregates. Methods for determination of sulfate content

BS 1377-3:1990, Methods of test for soil for civil engineering purposes — Part 3: Chemical
and electrochemical tests; Subclauses 7.2, 7.3

X.4.3 Strength index testing of soil
X.4.3.1 Laboratory vane

BS 1377-7:1990, Methods of test for soils for civil engineering purposes —Part 7: Shear
strength tedts (total stress)

NF P 94-072:1995, Sols : Reconnaissance et Essais - Essai scissométrique en laboratoire
(Soils investigation and testing. Laboratory vane test)

X.4.3.2 Fall cone

CEN ISO/TS 17892-6, Geotechnical investigation and testing — Laboratory testing of soil —
Part 6: Fall cone test

SS027125:1991, Geotekniska provningsmetoder - Skjuvhallfasthet - Fallkonforsok —
Kohesiongjord (Geotechnical test methods. Undrained shear strength. Fall cone test Cohesive
soil)

X.4.4 Strength testing of soil

X.4.4.1 Unconfined compression

CEN I1SO/TS 17892-7, Geotechnical investigation and testing — Laboratory testing of soil —
Part 7: Unconfined compression test on fine grained soils

NF P 94-077:1997, Sols. Reconnaissance et Essais - Essai de compresson uniaxiale (Soil:
investigation and testing. Uniaxial compressive test)

X.4.4.2 Unconsolidated undrained compression

CEN I1SO/TS 17892-8, Geotechnical investigation and testing - Laboratory testing of soil -
Part 8: Unconsolidated undrained triaxial test

NF P 94-070:1994, Sols. Reconnaissance et Essais - Essaisa |'appareil triaxial de révolution

- Généralités, définitions (Soils: investigation and testing. Shear strength tests with triaxial
test apparatus. Generalities. Definitions)
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NF P 94-074:1994, Sols. Reconnaissance et Essais - Essai a |'appareil triaxial de révolution -
Appareillage - Préparation des éprouvettes - Essais (UU) non consolidé non drainé - Essai
(Cu + u) consolidé non drainé avec mesure de pression interstitielle - Essai (CD) consolidé
drainé (Soils: investigation and testing. Shear strength tests with revolving triaxial test
apparatus. Apparatus. Preparation of test specimens. Unconsolidated and undrained (UU)
test. Consolidated and undrained (Cu+ U) test with measurement of the interstitial pressure.
Consolidated, drained (CD) test)

X.4.4.3 Consolidated triaxial compression test

CEN ISO/TS 17892-9, Geotechnical investigation and testing — Laboratory testing of soil —
Part 9: Consolidated triaxial compression tests on water saturated soils

BS 1377-8:1990, Methods of test for soils for civil engineering purposes — Part 8 Shear
strength tedts (effective stress)

NF P 94-070:1994, Sols. Reconnaissance et Essais - Essais a |'appareil triaxial de révolution
- Généralités, définitions (Soils: investigation and testing. Shear strength tests with triaxial
test apparatus. Generalities. Definitions)

NF P 94-074:1994, Sols : Reconnaissance et Essais - Essai a l'apparell triaxial de révolution
- Appareillage - Préparation des éprouvettes - Essais (UU) non consolidé non drainé - Essai
(Cy + u) consolidé non drainé avec mesure de pression interstitielle - Essai (CD) consolidé
drainé. (Soils: investigation and testing. Shear strength tests with revolving triaxial test
apparatus. Apparatus. Preparation of test specimens. Unconsolidated and undrained (UU)
test. Consolidated and undrained (Cu+ U) test with measurement of the interstitial pressure.
Consolidated, drained (CD) test)

X.4.4.4 Consolidated direct shear box tests

CEN I1SO/TS 17892-10, Geotechnical investigation and testing - Laboratory testing of soil -
Part 10: Direct shear tests

BS 1377-7:1990, Methods of test for soils for civil engineering purposes —Part 7: Shear
strength tedts (total stress)

ASTM D 3080-98, Test method for direct shear test of soilsunder consolidated drained
conditions

SS 027127, Geotechnical tests - shear strength — Direct shear test, CU- and CD- tests—
Cohesive soils

NF P94-071-1:1994 Sols : Reconnaissance et Essais - Essai de cisaillement rectiligne ala
boite - Partie 1 : Cisaillement direct. (Soil investigation and testing. Direct shear test with
shearbox apparatus. Part 1 : direct shear)

NF P94-071-2:1994, Sols : Reconnaissance et Essais - Essai de cisaillement rectiligneala

boite - Partie 2 : Cisaillement alterné (Soil: investigation and testing. Direct shear test with
shearbox apparatus. Part 2 : cyclic test)
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X.4.5 Compressibility testing of soil

CEN I1SO/TS 17892-5, Geotechnical investigation and testing - Laboratory testing of soil -
Part 5: Incremental loading oedometer test

BS 1377-5:1990, Methods of test for soils for civil engineering purposes — Part 5:
Compressihility, permeability and durability tests

NS 8017:1991, Geotechnical testing - Laboratory methods - Determination of one-
dimensional consolidation properties by oedometer testing - Method using incremental
loading

ASTM D2435-96, Test method for one-dimensional consolidation properties ofsoils using
incremental loading

XP P94-090-1:1997, Sols : Reconnaissance et Essais - Essai aglométrique -Partie 1 : Essai de
compressibilité sur matériaux fins quasi saturés avec chargement par paliers (Soil:
investigation and testing. Oedometric test. Part 1 : compressbility test on quas satured fine
grained soil with loading in increments)

XP P 94-091:1995, Sols. Reconnaissance et Essais - Essai de gonflement a |'oglométre -
Détermination des déformations par chargement de plusieurs éprouvettes (Soil: investigation
and testing. Snelling test with oedometer. Determination of deformations by loading several
test pieces)

SS027126:1991, Geotechnical tests— Compression properties— Oedometer test, CRS-test —
Cohesive soil

SS027129: 1992, Geotechnical tests — Compression properties— Oedometer test, incremental
loading — Cohesive soil

X.4.6 Compaction testing of soil

BS 1377-4:1990, Methods of test for soils for civil engineering purposes — Part 4:
Compaction related tests; Clause 3 Determination of dry density/moisture content relationship

BS 1377-4:1990, Methods of test for soils for civil engineering purposes — Part 4:
Compaction related tests; Clause 7 Determination of California Bearing Ratio (CBR)

NOTE ASTM D-698-78, D-1557-78 and AASHTO /99 and T180 might be used for
compaction tests and ASTM D1883-94and AASHTO T193 might be used for the Cadifornia
Bearing Ratio Determination. However, BS 1377:1990 has minor deviations from the
specification in the US recommendations, which are used in most road laboratories.

SS 027109, Geotekniska provningsmetoder - Packningsegenskaper - Laboratoriepackning
(Geotechnical tests — Compaction properties— Laboratory compaction)

NF P 94-078:1997, Sols : Reconnaissance et Essais - Indice CBR aprésimmersion - Indice
CBR immédiat - Indice Portant Immédiat - Mesure sur échantillon compacté dans le moule
CBR (Soils: investigation and tests. CBR after immersion. Immediate CBR. Immediate
bearing ratio. Measurement on sample compacted in CBR mould)
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NF P 94-093:1999, Sols : Reconnaissance et Essais - Détermination des références de
compactage d'un matériau - Essai Proctor normal - Essai Proctor modifié (Soils.
investigation and testing. Determination of the compaction characteristics of a soil. Standard
Proctor test. Modified Proctor test)

X.4.7 Permeability testing of soil

CEN I1SO/TS 17892-11, Geotechnical investigation and testing - Laboratory testing of soil -
Part 11: Permeability test

BS 1377-5:1990, Methods of test for soils for civil engineering purposes — Part 5:
Compressihility, permeability and durability tests

DIN 18130-1:1998, Baugrund - Untersuchung von Bodenproben; Bestimmung des
Wasserdurchlassigkeitsbeiwerts - Teil 1: Laborversuche (Soil. Investigation and testing.
Determination of the coefficient of water permeability. Part 1 Laboratory tests)

SO 17313, Soil quality — Determination of hydraulic conductivity of saturated porous
materialsusing flexible wall permeameter.

NOTE 1SO 17313 relates to environmental testing and includes some very strict normative
clauses not necessary for normal geotechnical purposes.

X.4.8 Preparation of specimen for testing on rock materials

ASTM D4543-01, Preparing Rock Core Specimens and Determining Dimensional and Shape
Tolerances

X.4.9 Classification testing of rock materials
X.4.9.1 General

BS 5930:1981, Code of practice for ste investigation Section 8 Description and classification
of rock for engineering purposes

ISRM Suggested Methods for Rock Characterization, Testing and Monitoring, Part | Ste
Characterization (1981).

X.4.9.2 Water content determination

ISRM Part 1, Suggested methods for determining water content, porosity, density, absorption
and related properties; Section 1 Suggested method for determination of the water content of
arock sample.

X.4.9.3 Density and porosity

ISRM Part 1, Suggested methods for determining water content, porosity, density, absorption

and related properties; Section 2 Suggested method for porosity/density determination using
saturation and calliper techniques
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ISRM Part 1, Suggested methods for determining water content, porosity, density, absorption
and related properties; Section 3 Suggested method for porosity/density determination using
saturation and buoyancy techniques

X.4.10 Swelling testing of rock material

X.4.10.1 Swelling pressureindex under zero volume change

I SRM Suggested Methods For Determining Savelling and Slake-Durability Index Properties;
Test 1 Suggested Method for Determination of the Swelling Pressure Index of Zero Volume
Change

X.4.10.2 Swelling strain index for radially confined specimen with axial surcharge

| SRM Suggested Methods For Determining Savelling and Slake-Durability Index Properties;
Test 2 Suggested Method for Determination of the Swelling Strain Index for a Radially
Confined Specimen with Axial Surcharge

X.4.10.3 Swelling strain developed in unconfined rock specimen

| SRM Suggested Methods For Determining Savelling and Slake-Durability Index Properties,
Test 3 Suggested Method for Determination of the Swelling Strain Developed in an
Unconfined Rock Specimen

X.4.11 Strength testing of rock materials

X.4.11.1 Uniaxial compressive strength and deformability

I SRM Suggested Methods For Determining Unconfined Compressive Strength and
Deformability

ASTM D 2938:1991, Sandard Test Method for Unconfined Compressive Strength of Intact
Rock Core Specimens

X.4.11.2 Point load test

ISRM Suggested Method for Determining Point Load Strength;

revised version has been published in International Journal for Rock Mechanics. Min. SCI. &
Geomech. Abdtr. Vol 22, No. 2, pp. 51-60, 1985

X.4.11.3 Direct shear test

I SRM Suggested Method for Determining Shear Strength, Part 2: Suggested Method For
Laboratory Determination of Direct Shear Strength

X.4.11.4 Brazil test

I SRM Suggested Method for Determining Tensile Strength of Rock Materials, Part 2:
Suggested Method for Determining Indirect Tensle Strength by the Brazl Test
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X.4.11.5 Triaxial compression test

I SRM Suggested Method for Determining the Strength of Rock Materialsin Triaxial
Compression

X.5 Books, articlesand other publicationsrelated to laboratory testing

Bieniawski, Z.T. (1989)

Engineering Rock Mass Classification
New York: Wiley

251 p.

BRE Paper BR 279 (19--) “Sulfate and acid attack on concrete in the ground: recommended
procedures for soil analysis’.
Watford, UK: Building Research Establishment

A guide to engineering geological description
DGF Bulletin 1, Rev. 1,
DGF, May 1995

Head, K.H.
Manual of Soil Laboratory Testing. Vol.1: Soil Classification and Compaction Tests, 2nd ed.
London,Pentech Press, 1992

Head, K.H.

Manual of Soil Laboratory Testing. Vol. 2: Permeability, Shear Strength and Compressibility
Tests, 2nd ed.

L ondon, Pentech Press, 1994

Head, K.H. (1986)
Manual of Soil Laboratory Testing. Vol. 3: Effective Stress Tests.
London, Pentech Press, 1986

Suggested method for determining point load strength
Min. Sci & Geomech. Abstr. Vol 22, No. 2,
International Journal of Rock Mechanics

ISRM, 1985

pp. 51-60.

Sherard, K.L., Decker, R.S.and Ryker, N.L. (1972)

Piping in Earth Dams of Dispersive Clay Vol. 1, Part 1

Proc. ASCE Specialty Conf. on Performance of Earth and Earth-Supported Structures
West Lafayette, Indiana, Purdue University, June 1972

pp 589-626

Sherard, K.L., Dunnigan, L.P., Decker, R.S. and Sted, E.F.

Pinhole test for identifying dispersive soil

K. Geotechn. Eng. Div., ASCE. Vol. 102, No. GT1 (January), 1976
pp 69-85
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Slunga, E. & Saardlainen, S. (1989)

Determination of frost-susceptibility of soil, A.A. Balkema
Proc. of 12" ICSMFE, Vol. 2.Session 19

Rio de Janairo, 13-18 August 1989.

pp 1465-1468
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