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Foreword 

This docmnent (EN 1997-2: 2007) has been prepared by Technical C0111mittee CEN/TC 
"Structural Eurocodes II, the secretariat of which is held by BS L 

This European Standard shall be given the status of a national standard~ either by publication of 
an identical text or by endorsenlent, at the latest by Septenlber 2007, and conflicti national standards 
shall be withdrawn at the latest by March 2010. 

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

CEN/TC 250 is responsible for all Structural Eurocodes. 

According to the CEN/CENELEC Internal Regulations, the national standards organizations of 
the following countries are bound to inlplenlent this European Standard: Austria, Belgimn, Bulgaria 
Cyprus, Czech Republic, Denlnark, Estonia, Finland, France, Gennany, Greece, Hungary, 
Iceland, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Norway, Portugal, 
Poland, ROlnania, Slovakia, Slovenia, Spain, Sweden, Switzerland and the United Kingdolll. 

Background of the Eurocode programme 

In 1975, the COIlllllission of the European Comlnunity decided on an action progrmlline in the 
field of construction, based on article 95 of the Treaty. The objective of the programnle was the 
elimination of technical obstacles to trade and the hannonization of technical specifications. 

Within this action programille, the COllllnission took the initiative to establish a set of 
harnl0nised technical rules for the design of construction works, which, in a first would 
serve as an alternative to the national rules in force in the Member States and, ultilnately, would 
replace thenl. 

fifteen years, the Comillission, with the help of a Steering COlnlnittee with representatives of 
Member States, conducted the development of the Eurocodes prograInlne, which led to the first 
generation of European codes in the 1980s. 

In 1989, the COlllmission and the Melnber States of the EU and EFTA decided, on the basis of 
an agreenlent l between the Comlnission and CEN, to transfer the preparation and the publication 
of the Eurocodes to CEN through a series of Mandates, in order to provide thenl with a future 
status of European Standard (EN). This links de facto the Eurocodes with the provisions of an 
the Council's Directives and/or Comtnission's Decisions dealing with European standards (e.g. 
the Council Directive 89/1 06/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 EFT A 
Directives initiated in pursuit of setting up the internal1narket). 

The Structural Eurocode prograInme cOlnprises the following stand:uds generally consisting of a 
number of Parts: 

EN 1990 
EN 199] 

Eurocode: 
Eurocode 1: 

Basis of Structural Design 
Actions on structures 

I Agreement between the Commission of the European CommUililies and the European Committee for Standardizalion (CEN) concerning the 

work on EUROCODES for the design of building and civil engineering works (BC/CEN/03/89). 
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EN 1992 
EN 1993 
EN 1994 
EN 1995 

1996 
EN 1997 
EN 1998 
EN 1999 

Eurocode 2: 
Eurocode 3: 
Eurocode 4: 
Eurocode 5: 
Eurocode 6: 
Eurocode 7: 
Eurocode 8: 
Eurocode 9: 

Design of concrete structures 
Design of steel structures 
Design of composite steel and concrete structures 
Design of timber structures 
Design of masonry structures 
Geotechnical design 
Design of structures for earthquake resistance 
Design of aluminiUIll structures 

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

Status and field of application of Eurocodes 

The Meillber States of the ED and recognise that Eurocodes serve as reference docunlents 
for the following purposes: 

as a means to prove cOll1pliance of building and civil engineering works with the essential 
requirements of Council Directive 89/1 06/EEC, particularly Essential Requirelllent 1 -
Mechanical resistance and stability - and Essential Requirement N°2 - Safety in case of fire; 
as a basis for specifying contracts for construction works and related engineering services; 
as a frmnework for drawing up hannonised technical specifications for construction products 

and ETAs). 

The Eurocodes, as far as they concern the construction works thelnselves, have a direct 
relationship with the Interpretative DocUlnents2 referred to in Article 12 of the CPD, although 
they are of a different nature from hannonised product standards3

, Therefore, technical aspects 
arising frOll1 the Eurocodes work need to be adequately considered by CEN Technical 
Comlnittees and/or EOT A Working Groups working on product standards with a view to 
achieving full c0111patibility of technical specifications with the Eurocodes. 

The Eurocode standards provide COlllmon structural design rules for everyday use for the design 
of whole structures and conlponent 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 essential requirements (ERs) shall be given concrete form in interpretative documents for the creation or 

the necessary linb bct\vccn the essential requirements and the mandatcs for harmonised ENs and ETAGs/ETA-;. 

3 According to Art. 12 of the CPO the interpretative documents shall: 
a) give concrete form to the essential requirements by harmonising the terminology and the technical 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 rules for project design, etc. ; 
c) serve as a reference for the establishment of harmonised standards and guidelines for European technical approvals. 
The Eurocodes, de facto, playa similar role in the field of the ER 1 and a part of ER 2. 
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National Standards implementing Eurocodes 

The National Standards ilnplementing Eurocodes will cOlnprise the full text of the Eurocode 
(including any annexes), as published by CEN, which ll1ay be preceded by a National title page 
and National foreword, and may be followed by a National annex. 

The National annex lnay only contain infonnation on those parameters, which are left open in the 
Eurocode for national choice, known as Nationally Determined Paralneters, to be for the 
design of buildings and civil engineering works to be constructed in the country concerned, i.e.: 

values and/or classes where alternatives are given in the Eurocode; 
values to be used where a sylnbol only is given in the Eurocode; 
country specific data (geographical, climatic), e.g. snow Inap; 
the procedure to be used where alternative procedures are given in the Ellrocode. 

It may also contain: 
decisions on the application of infonnative annexes; 
references to non-contradictory cOll1plementary infornlation to assist the user to apply the 
Eurocode. 

Links between Eurocodes and harmonised technical specifications (ENs and ETAs) for 
products 

There is a need for consistency between the harmonised technical specifications for construction 
products and the technical rules for works4. Furthennore, all the infonnation accon1panying the 
CE Marking of the construction products, which refer to Eurocodes, should clearly ll1ention 
which Nationally Detennined Parameters have been taken into account. 

Additional infornlation specific to Eurocode 7 

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

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

EN 1997 -2 is intended to be used with EN 1997 -1. 

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

The six sections of EN 1997-2 are complelnented by 24 infonnative annexes. 

National annex for EN 1997-2 

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

4 See Art.3.3 and Art.12 of the CPD, as well as 4.2, 4.3.1, 4.3.2 and 5.2 of ID 1. 
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Section 1 General 

1.1 Scope 

1.1.1 Scope of Eurocode 7 

(1) EN 1997 is intended 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 is intended 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, stahility, serviceability and 
durability of structures. Other requirements, e.g. concerning thermal or sound insulation, are not 
considered. 

(4) NUlnerical 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 
inlposed 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 
workJl1anship. They are denoted in the relevant sections. 

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

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

1.1.2 Scope of EN 1997-2 

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

planning and reporting of ground investigations; 
general requirements for a nUlTlber of conunonly used laboratory and field tests~ 
interpretation and evaluation of test results; 
derivation of values of geotechnical paraIneters and coefficients. 

In addition, exanlples of the application of field test results to design are given. 

NOTE Establishment of characteristic values is covered in EN 1997-1. 

(2) This docUlnent gives no specific provisions for enviromnental ground investigations. 

(3) Only commonly used geotechnical laboratory and field tests are covered in this standard. 
These were selected on the basis of their importance in geotechnical practice, availability in 
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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 is expected that updates of the presenl slandard will gradually include laboratory and field lests 
covering additional aspects or soil and rock behaviour. 

(4) The provisions of this standard apply prilnarily to projects of geotechnical category as 
defined in 2.1 of EN 1997-1 :2004. The ground investigation requirenlents for category 1 projects 
are nonnally linlited as the verifications often will be based on local experience. For 
geotechnical category 3 projects, the an10unt of investigations required will nOrInally be at least 
the sanle as indicated for geotechnical category 2 projects in the following sections. Additional 
investigations and 1110re advanced tests, related to the CirCU111stances that place a project in 
geotechnical category 3, ll1ay be necessary. 

(5) The derivation of parmneter values is dedicated prinlarily to the design of pile and spread 
foundations based on field testing, as detai1ed in Annexes D, E, F and G of 1997-1 :2004. 

1.2 Normative references 

(l) The following nonnative docUlnents contain provisions which, through reference in this text, 
constitute provisions of this European Standard. For dated references, subsequent amendnlents 
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 nornlative dOCUlnents indicated below. For undated references, the last 
edition of the normative docmnent referred to applies. 

EN 1990:2002 

EN 1997-1 :2004 
EN ISO 14688-1 

EN ISO 14688-2 

EN ISO 14689-1 

EN ISO 22475-1 5 

~ EN ISO 22476-1 5 

EN ISO 22476-2 

EN ISO 22476-3 

EN ISO 22476-45 

EN ISO 22476-55 

EN ISO 22476-66 

~ EN ISO 22476-76 

5 to be published 
~ 6 to be published @il 

Ellrocode Basis of structural design 

Eurocode 7 - Geotechnical design - Part 1: General rules 
Geotechnical investigation and testing ldent(flcation and class~llcation 
of soil Part 1: Identification and description 
Geotechnical investigation and testing -ldentUication and class(flcation 
(~j'soil Part 2: Classification principle.')' 
Geotechnical investigation and testing -Ident(fkatiol1 and class(flcation 
qj'rock Part 1: Ident(j'ication and description 
Geotechnical investigation and testing Sampling by drilling and 
excavation and groundvvater IneaSlfre112el1ts - Part I: Technical 
principles of execution 
Geotechnicol investigation and testing - Field testing Part 1: 
Electrical cone and piezocone penetration tests 
Geotechnical investigation and te,yting Field testing - Port 2: Dynamic 
probing 
Geotechnical investigation and testing - Field testing Part 3: 
Standard penetration test 
Geotechnical investigation and te5,'ting - Field testing Part 4: Menard 
pressuremeter test 
Geotechnical inve,s,tigation and testing 
dilatometer test 
Geotechnical investigation and testing 
boring pressltremeter test 

Geotechnical investigation and testing 
jack test @j] 

Field testing - Part 5: Flexible 

Field testing Part 6: Se{l 

Field testing - Part Borehole 
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EN ISO 22476-86 Geotechnical investigation and testing - Field testing Part 8: Full 
displacenzent pressuremeter test 

EN ISO 22476-96 Geotechnical investigation and te,')'tirzg - Field testing - Part 9: Field 
vane test 

~ EN ISO 22476-12 Geotechnical investigation and testing - Field testing - Part 12: 
Mechanical CPT @lI 

EN ISO 22476-136 Geotechnical iIn!estigation and testing Field testing Part 13: Plate 
loading test 

NOTE The Bibliography presents a number of CEN ISO Technical Specifications (CEN ISO/TS), giving 
inl'ormation on procedures, equipment, evaluation and presentation for some field and laboratory tests. These 
technical specifications may he come 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 Annexes to EN 1997-2 may 
give information regarding national practise involved. 

1.3 Assunlptions 

(1) Reference is made to EN 1990:2002, 1.3 and EN 1997-1 :2004, 1.3. 

(2) The provisions of this standard are based on the assmnptions given below: 
data required for design are collected, recorded and interpreted by appropriately qualified 
personnel; 
structures are designed by appropriately qualified and experienced personnel; 
adequate continuity and cOlnn1lmication exist between the personnel involved in data
collection, design and construction; 

1.4 Distinction between Principles and Application Rules 

(1) Depending on the character of the individual clauses, distinction is made in EN 1997-2 between 
Principles and Application Rules. 

(2) The Principles comprise: 
general statements and definitions for which there is no alternative; 
requirements and analytical models for which no alternative is pennitted 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 requirelnents. 

(5) It is permissible 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 structural 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 cannot be claimed to 
be wholly in accordance with EN I although the will remain in accordance with the Principles of 
EN 1997-1. When EN J 997-2 is used in respect of a property listed in an Annex Z of a product standard or an 

the lise of an alternative design rule may not be acceptable for CE marking. 

12 



BS EN 1997-2:2007 
EN 1997-2:2007 (E) 

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

1.5 Definitions 

1.5.1 Terms common to all Eurocodes 

(l)P The tenns used in COlnmon for all Eurocodes are defined in EN 1990. 

1.5.2 Terms common to Eurocode 7 

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

1.5.3 Specific definitions used in EN 1997-2 

1.5.3.1 
derived value 
value of a geotechnical paraIneters obtained froln test results by theory, correlation or empiricism 
(see 1.6) 

1.5.3.2 
disturbed sample 
san1ple where the soil structure, water content and/or constituents have been changed during 
sampling 

1.5.3.3 
measured value 
value that is measured in a test 

1.5.3.4 
natural specimen 
specinlen Inade fro In the available (disturbed, undisturbed, remoulded) sample 

1.5.3.5 
quality class 
classif1cation 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). 

1.5.3.6 
remoulded sample 
saInple of which the soil or rock structure is fully disturbed 

1.5.3.7 
renloulded specimen 
fully disturbed specin1en, at natural water content 
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1.5.3.8 
re-colnpacted speciInen 
specimen forced into a mould with a rmnlner or under desired static stress state 

1.5.3.9 
reconstituted specimen 
specimen prepared in the laboratory; for fine soils, it is prepared as a slurry (at or above the 
Jiquid lil11it) and then consolidated (sedin1ented); for coarse soils, it is either poured or pluviated 
in dry (dried) or wet conditions and c0l11pacted, or consolidated 

1.5.3.10 
re-consolidated specimen 
specimen c01npressed in a mould or cell under static pressure while allowing drainage to take 
place 

1.5.3.11 
sanlple 
portion of soil or rock recovered frOln the ground by smnpling techniques 

1.5.3.12 
spechnen 
part of a soil or rock smnple used for a laboratory test 

1.5.3.13 
strength index test 
test of a nature that yields an indication of the shear strength, without necessarily giving a 
representati ve val ue 

NOTE 

1.5.3.14 
swelling 

The results of such a test are subject to uncertainty. 

expansion due to reduction of effective stress resulting from either reduction of total stress or 
absorption of (in general) 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 

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

NOTE 1 The process of geotechnical design consists of a few 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 given in the 
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present standard. The determination of characteristic values and the design of the structures are covered 
EN 1997-1. 

of test 
L= laboratory 

Correlations 

Test results and 
derived values 

EN 1997-2_ 

EN 1997 1 

GeotechnicJI model and chJrJcteristic 
value s of geotechnical properties 

Application of 
partial factors 

Design values of geotechnical 
properties 

Infofm:1tion 
from other 
sources on 
the site, the 

soils and 
rocks and 
the project 

Figure 1.1 - General framework for the selection of derived values of geotechnical 
properties 

[@ (2) Test results can be experilnental curves or values of geotechnical parameters. In Annex A, a 
list of test results is given to serve as a reference to test standards 7, @1] 

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

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 Illay correlate the value of a geotechnical parameter or 
coefficient with a test result, such as the qc-value of a CPT. They may also connect a geotechnical parameter to a test 
result by means of theoretical considerations (for example, when deriving a value of the angle of shearing resistance 
tp' 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 bdore 
the determination of the characteristic value, bUl after the test results have been corrected or transformed into 
conservative estimates. 

1.7 The link between EN 1997-1 and EN 1997-2 

(1) Figure 1.2 presents the general architecture of the CEN standards related to geotechnical 
engineering problems and those directly linked to EN 1997. The design part is covered by EN 1997-
1. The present standard gives rules for ground investigations and obtaining geotechnical parameters 
or coefficients values to be used for detennining the characteristic values (as specified in EN 1997-
1). It gives also infornlative exalnples of calculation nlethods for spread and deep foundations. The 
implen1entation of EN 1997 needs infonnation based on other standards, in pm1icular those related 
to ground investigations and to the execution of geotechnical works. 

7 Geotechnical test standards, yielding these results are prepared by CENrrC341. 
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EN 1997-1 

Design rules 
General framework for geotechnical design 
Dclinirion of ground parameters 
Characleristic and design values 
General ruics for sile investigation 
Rules ror the design or main types of gec)tec:llnJlcal structures 
Some assumplions on execution procedures 

EN 1997-2 

Geotechnical investigation and testing 
Detailed rules for site investigations 
General lest specifications 
Derivation of ground properties and geolechnicalmodel of the site 
Examples of calculation methods based on field and laboratory tests 

Test standards (CEN/TC 341) 

Standards for 
Drilling and sampling methods and groundwater measurements 
Laboratory and field tesls on soils and rocks 
Tests on structures or parts of structures 
Identification and classification of soils and rocks 

Execution of geotechnical works (CEN/TC 288) 

Figure 1.2 General architecture of the CEN standards linked with EN 1997 

1.8 Symbols and units 

(1) For the purpose of EN 1997-2 the following sYlnbols apply. 

NOTE The notation of the symbols used is based on ISO 3898: 1997. 

Latin letters 

Cc compression index 

c' cohesion intercept in tenns of effective stress 

Crv undrained shear strength from the field vane test 

Cll undrained shear strength 

Cs swelling index 

Cv coefficient of consolidation 

Ca coeffident of secondary cODlpression 
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E Young's 1110dulus of elasticity 

E' drained (long term) Young's modulus of elasticity 

EFDT tlexible dilatolneter 1110dulus 

EM Menard pressurelneter modulus 

Emeas Ineasured energy during calibration 

Eoed oedOlneter rl10dul us 

11l0dulus froln plate loading test 

energy ratio (= Emeas / Etheor ) 

Etheor theoretical energy 

Eu undrained Young's modulus of elasticity 

Eo initial Young's modulus of elasticity 

E50 Young's modulus of elasticity corresponding to 50 % of the lnaximum shear strength 

IA activity index 

Ie consistency index 

ID density index 

IDMT JTIaterial index fron1 the flat dilatolTIeter test 

KDMT horizontal stress index froln the flat dilatoll1eter test 

k coefficient of penneability 

IL liquidity index 

Ip plasticity index 

ks coefficient of sub-grade reaction 

ln y coefficient of cOlnpressibility 

N number of blows per 300 InlTI penetration from the SPT 

Nk cone factor for CPT, (see equation (4.1» 

Nkt cone factor for CPTU, (see equation (4.2» 

NJOL nUlnber of blows per 10 ClTI penetration from the DPL 

NJOM nUlnber of blows per 10 cm penetration fr01n the DPM 

NIoH nU1l1ber of blows per 10 cm penetration fr01n the DPH 

NJOSA number of blows per 10 cnl penetration from the DPSH-A 

N lOSB nmnber of blows per 10 cm penetration from the DPSH-B 

N20SA nurnber of blows per 20 cm penetration from the DPSH-A 

N20SB nUlnber of blows per 20 Cl11 penetration froln the DPSH-B 

N60 nUluber of blows from the SPT conected to energy losses 

(N I)60 number of blows frOll1 the SPT conected to energy losses and normalized for effective 

vertical overburden stress 
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PLM Menard lilnit pressure 

qc cone penetration resistance 

q( cone penetration resistance corrected for pore water pressure effects 

qu unconfined compressive strength 

WOpl optinlum water content 

Greek 1etters 

a correlation factor for Eoed and qc, (see Equation (4.3)) @J] 

rp angle of shearing resistance 

qJ angle of shearing resistance in ternlS of effective stress 

f.1 correction factor to derive eu frOln Cry, (see Equation (4.4)) 

Pd;lllax maXinlU111 dry density 

O"c unconfined cOlnpression strength of rock 

d p effecti ve pre-consolidation pressure or effective vertical yield stress in situ @J] 

or tensile strength of rock 

O"vO initial vertical total stress 

~ d vO initial vertical effecti ve stress @J] 

v Poisson's ratio 

Abbreviations 

CPT 

CPTM 

CPTU 

DMT 

DP 

DPL 

DPM 

electrical cone penetration test @J] 

ll1echanical cone penetration test @J] 

cone penetration test with pore water pressure measurement 

flat dilatometer test 

dynanlic probing 

dynamic probing light 

dynanlic probing InediUlTI 

DPH dynanlic probing heavy 

DPSH-A dynanlic probing superheavy, type A 

DPSH-B dynanlic probing superheavy, type B 

FDP fun displacement pressurelneter 

FDT flexihle dilatol11eter test 

FVT 

MPM 

18 

field vane test 

Menard pressuremeter 



PBP 

PLT 

PMT 

RDT 

SBP 

SDT 

SPT 

WST 

pre-bored pressuremeter 

plate loading test 

pressurelneter test 

rock dilatometer test 

self-boring pressuremeter 

soil dilatometer test 

standard penetration test 

weight sounding test 
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(2) For geotechnical calculations, the following units or their multiples are recOlrunended: 
- force kN 

- lnoment 

Inass density 

weight density 

- stress, pressure, strength and stiffness 

- coefficient of pern1eability 

coefficient of consolidation 

kNm 

kPa 

JnJs 
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Section 2 Planning of ground investigations 

2.1 Objectives 

2.1.1 (;elleral 

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

(2) The ainls of a geotechnical investigation are to establish the soil, rock and groundwater 
conditions, to detennine 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 111ade. 
This information shall include ground conditions, geology, geolnorphology, seismicity and 
hydrology, as relevant. Indications of the variability of the ground shall be taken into account. 

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

NOTE As a result of the geotechnical investigations, it may he necessary to change the geotechnical category of 
the project I. 1.2 (4). 

(5) Geotechnical investigations should consist of ground investigations, and other investigations 
for the site, such as: 

the appraisal of existing constructions, buildings, bridges, tunnels, enlbanknlents and 
slopes; 
the history of development on and around the site. 

(6) Before designing the investigation progranllne, the available infonnation and docmnents 
should be evaluated in a desk study. 

(7) Exalllples of information and docmnents that can be used are: 
topographicallnaps; 

20 

old city Inaps describing the previous use of the site; 
geological maps and descriptions; 
engineering geologicalnlaps; 
hydrogeological maps and descriptions; 
geotechnical maps; 
aerial photos and previous photo interpretations; 
aero-geophysical investigations; 
previous investigations at the site and in the sUlToundings; 
previous experiences froln the area; 
local clil11atic conditions. 
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(8) Ground investigations should consist of field investigations, laboratory testing, additional 
desk studies and controlling and nl0nitoring, where appropriate. 

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

(10) The ground investiga60n programlne should be reviewed as the results beC0111e available so 
that the initial asslunptions can be checked. In particular: 

the number of investigation points should be extended if it is deenled necessary to obtain an 
accurate insight into the complexity and the variability of the ground at the site~ 
the paranleters obtained 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 li1nitations in the data, revealed according to EN 1997-1:2004, 3.4.3 (1) should be 
considered. 

(11) Special attention should be paid to sites that have been previously used, where disturbance 
of the natural ground conditions lnay 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 cOlnpetently in all phases of the 
investigations and their evaluation. 

2.1.2 Ground 

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

(2) The infonnation 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 defonnation of the ground caused by the structure or resulting from construction works, 
its spatial distribution and behaviour over tilne; 

- the safety with respect to Ibnit states (e.g. subsidence, ground heave, uplift, slippage of soil 
and rock masses, buckling of piles, etc.); 
the loads trans1l1itted to the structure frOln the ground (e.g. lateral pressures on piles) and the 
extent to which they depend on its design and construction; 
the foundation 111ethods (e.g. ground ilnprovelnent, whether it's possible to excavate~ 
driveability of piles, drainage); 
the sequence of foundation works; 
the effects of the structure and its use on the surroundings; 
any additional structurallneasures required (e.g. support of excavation, anchorage, sleeving 
of bored piles, rellloval of obstructions); 
the effects of construction work on the surroundings; 
the type and extent of ground contmnination on, and in the vicinity of, the site; 
the effectiveness of l11easures taken to contain or renledy contmnination. 
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2.1.3 Construction Inaterials 

(1)P Geotechnical investigations of soil and rock for use as construction materials shall provide a 
description of the 111aterials to be used and shall establish their relevant parameters. 

(2) The inforI11ation obtained should enable an aSSeSSI11ent of the following aspects: 
the suitability for the intended use; 
the extent of deposits~ 
whether it is possible to extract and process the lnaterials, and whether and how unsuitable 
material can be separated and disposed of; 
the prospective Inethods to improve soil and rock; 
the workability of soil and rock during construction and possible changes in their properties 
during transport, placelnent and further treatment; 
the effects of construction traffic and heavy loads on the ground; 
the prospective methods of dewatering andlor excavation, effects of precipitation, resistance 
to weathering, and susceptibility to shrinkage, swelling and disintegration. 

2.1.4 Groundwater 

(l)P Groundwater investigations shall provide all relevant infonnation on groundwater needed 
for geotechnical design and construction. 

(2) Groundwater investigations should provide, when appropriate, infornlation 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 tinle and actual groundwater levels including possible extrelne levels and their periods 
of reCUlTence; 
the pore water pressure distribution; 
the chemical composition and temperature of groundwater. 

(3) The information obtained should be sufficient to assess the following aspects, where relevant: 
the scope for and nature of groundwater-lowering work; 
possible hannful 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); 
the effects of groundwater lowering, desiccation, inlpounding etc. on the sUlToundings; 
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 

(l)P The cOlnposition and the extent of the ground investigations shall be based on the 
anticipated type and design of the construction, type of foundation, ilnprovement method or 
retaining structure, location and depth of the construction; 
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(2)P The results of the desk studies and the site inspection shall be considered when selecting the 
investigation Inethods 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 nonnally be perfonned 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: 

preliminary investigations for positioning and prelitninary design of the structure (see 2.3); 
design investigations (see 2.4); 
controlling and Inonitoring (see 2.5). 

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

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

NOTE The different stages of ground investigations, including laboratory and field work and the process of 
evaluating soil and rock parameters, can follow the schemes in B.! and B.2. 

2.3 Preliminary investigations 

0) The preliminary investigations should be planned in such a way that adequate data are 
obtained, if relevant, to: 

assess the overall stability and general suitability of the site; 
assess the suitability of the site in cOlnparison with alternative sites; 
assess the 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 lnethods and any ground inlprovelnents; 
plan the design and control investigations, including identification of the extent of ground 
which may have significant influence on the behaviour of the structure. 

(2) A prelin1inary ground investigation should supply estimates of soil data concerning, if 
relevant: 

the type of soil or rock and their stratification; 
the groundwater table or pore pressure profile; 
the preliminary strength and defonnation properties for soil and rock; 
the potential occurrence of contaminated ground or groundwater that Inight be hazardous to 
the durability of construction Inaterial. 
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2.4 Design investigations 

2.4.1 Field investigations 

2.4.1.1 General 

(l)P In cases where the prelilninary investigations do not provide the necessary infornlation to 
assess the aspects mentioned in 2.3, conlplenlentary 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 lneasurements; 
- field tests. 

(3) Examples of the various types of field investigations are: 
field testing (e.g. CPT, SPT, dynamic probing, WST, pressuremeter tests, dilatolneter tests, 
plate load tests, field vane tests and penneability tests); 
soil and rock sall1pling for description of the soil or rock and laboratory tests; 
groundwater Ineasurements to deternline the groundwater table or the pore pressure profile 
and their fluctuations; 
geophysical investigations (e.g. seisl11ic profiling, ground penetrating radar, resistivity 
measurements and down hole logging); 
large scale tests, for example to detennine the bearing capacity or the behaviour directly on 
prototype elelnents, such as anchors. 

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

NOTE See also 13.2. 

(5)P Where ground contamination or soil is expected, information shall be gathered froll1 the 
relevant sources. This information shall be taken into account when planning the ground 
investigation. 
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Table 2.1 - Simplified overview of the applicability of field investigation Inethodsa
) covered by Sections 3 and 4 

Field Possibly obtainable results 
investigation Sampling Field tests Groundwater 
methods a) measurements 
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Basic information 
Type of soil CI FI CI FI C2 F2 C2 F2 C3 F3 C3 F3 C2 FI C3 F3 C3 F3 C2 F2 -

Type of rock - RI RI R2 R3~) R3 R2 - - - - - -

Extension or layersb) CI FI CIFI C3 F3 RI RI R2 CI Fl R3 C3 R3 C3 F3 C2 F2 CI F2 CI F2 F2 - C2 PI - - -

F3 
Groundwater level C2 - - - - - R2 CI RI CI 

F2 FI 
Pore water pressure - - - - C2F2 F3 - - - - 1<2 CI RI CI 

F2 FI 

Geoteclmical properties 

Particle size CI PI CI FI RI RI R2 - - C2 FI -

Water content CI FI C2FI C3 F3 RI RI C2 F2 - - - - -
Atterberg limits PI FI - - - F2 - - - -
Density C2 FI C3 F3 RI Rl C2 F2 - - C2F2 C2 C2 C2 F2 
Shear strength C2FI - RI C2 FI CI FI - C2 F3 C2 F3 C2 F3 C2 PI C2 FI R2 CI -

PI 
Compressibility C2 FI RI CI F2 CIFI RI FI C2 F2 C2 F2 C2l-;'2 C2 C2 PI CIFI 
Permeability C2 FI RI - C3 F2 P3 - - - - C21:3 C2 F2 

Chemical tests Cl FI CI FI - RI RI - - - C2 F2 - - -
a) see sections 3 and 4 for nomenclature RI High for rock R2 Medium for rock R3 Low for rock 
Il) in horizontal and verlic~lI direction CI High for coarse soil C2 Medium for coarse soil C3 Low for coarse soi I 
c) will depend on pressure meter type FI High for fine soil F2 IV1cdiull1 ror fine soil F3 Low 1'01' rine soil 

assuming sample is retained not applicable 
c) soft rock only 

main soil groups "coarse" and "rine" according to ISO 14688-1 
Applicability: NOTE Depending on the ground conditions (such as soil type, groundwater conditions) and the planned design, the selection of 
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(6)P If ground contamination or soil gas is detected in the course of ground investigations, this 
shall be reported to the client and the responsible authori ties. 

2.4.1.2 Field investigation progranlme 

(l)P The field investigation programme shall contain: 
a plan with the locations of the investigation points including the types of investigation; 
the depth of the investigations; 
the types of satnple (category, etc.) to be taken including specifications for the nmnber and 
depth at which they are to be taken; 
specifications on the groundwater measurement; 
the types of equiplnent to be used; 
the standards to be applied. 

2.4.1.3 Locations and depths of the investigation points 

(l)P The locations of investigation points and the depths of the investigations shall be selected 
on the basis of the prelilninary investigations as a function of the geological conditions, the 
dilnensions of the structure and the engineering problelns 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 a building 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 ananged at adequate offsets to the centre 
line, depending on the overall width of the structure, such as an elnban1allent footprint or a 
cutting: 
for structures on or near slopes and steps in the tenain (including excavations), investigation 
points should also be ananged 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 stresses in their load transfer zone; 
the investigation points should be arranged so that they do not present a hazard to the 
structure, the construction work, or the surroundings (e.g. as a result of the changes they may 
cause to the ground and groundwater conditions); 
the area considered in the design investigations should extend into the neighbouring area to a 
distance where no harn1ful 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 consklered. 

(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 111ay be applied. In 
either case, this choice should be justified 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 satnpling), the investigation points shall be separated by an appropriate distance. 
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(5) Tn the case of a combination of, for exalllple, ePTs and boreholes, the ePTs should be carried 
out prior to the boreholes. The minimU1ll spacing should then be such that the borehole does not 
or is considered unlikely to encounter the hole. If the drilJing is conducted first, the ePT 
should be carried out at a hodzontal separation of at least 2 111. 

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

NOTE For the spacing of In\!'';:~,IU<C..!:'~II,,,,.. points and investigation depths, the values given in B.3 can be used as 
guidance. 

2.4.1.4 Salnpling 

(1)P The san1pling categories (see 3.4.1 and 3.5.1), and the nun1ber of salnpies to be taken shall 
be based on: 

the ai11l of the ground investigation; 
the geology of the site; 
the conlplexity of the geotechnical structure. 

(2)P For identification and classification of the ground, at least one borehole or trial pit with 
saInpling shall be available. Sal11pJes shall be obtained froll1 every separate ground layer 
influencing the behaviour of the structure. 

(3) San1pling Illay be replaced by field tests if there is enough local experience to correlate the 
field tests with the ground conditions to ensure unaIllbiguous interpretation of the results. 

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

(l)P Groundwater ll1easurelnents shall be planned and carried out in accordance with 3.6. 

2.4.2 Laboratory tests 

2.4.2.1 General 

(l) Prior to setting up a test prograIlllne, 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 stratu111. Stratum identification should be a function of the geotechnical 
problem, its cOl11plexity, the local geology and the required paraI11eters for design. 

2.4.2.2 Visual inspection and prelhninary ground profile 

(l) Samples and trial pits should be inspected visually and cOlnpared with field logs of the 
drillings so that the preliminary ground profile can be established. For soil satnples, the visual 
inspection should be supported by simple manual tests to identify the soil and to give a first 
impression of its consistency and 11lechanical behaviour. 

(2) If distinct and significant differences in the properties between different portions of one 
stratm11 are found l the prelin1inary soil profile should further subdivided. 
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(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. 

2.4.2.3 Test progranll11e 

(1)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 progralnme. 

(2) The laboratory test progratnlne depends in part on whether cOlnparable experience exists. 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 specilnens representa6ve of the relevant strata. Classification tests 
shall be used to check whether the sanlples and test specilnens are representative. 

NOTE This can be checked in an iterative way. In a first step, classi fication tests and index tests are 
performed on as many as possible to determine the 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 tests for the 
with all results from the classification and strength index tests for the stratum. 

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

2.4.2.4 Number of tests 

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

(2) To allow for difficult soil, dmuaged specinlens and other factors, additional test specimens 
should be Jnade available, whenever possible. 

(3) Depending on the test type, a nlinilnum nUlnber 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 
Annexes 0 and The annexes can also be used to check whether the extent of the was sufficient. 

(4) The minilnum number of tests may be reduced jf the geotechnical design does not need to be 
optilllised and uses conservative values of the soil paranleters l or if cOlnparable experience or 
combination with field infonnation applies. 

2.4.2.5 Classification tests 

(1) Soil and rock classification tests should be performed to determine the composition and index 
properties of each stratUlll. The smnples for the classification tests should be selected in such a 
way that the tests are approxiluately equally distributed over the conlplete area and the fun depth 
of the strata relevant for design. Thus the results should the range of index propel1ies of the 
relevant layers. 
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(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 all phases of the ground 
investigation (see 2.2 (3)). 

2.4.2.6 Tests on samples 

(l)P Smnples for testing shall be se1ected so as to cover the range of index properties of each 
relevant stratmn. 

(2) For a fill or a stratum of sand or gravel, reconstituted speciInens may be tested. Reconstituted 
specimens should have approximately the SaIne composition, density and water content as in-situ 
material. 
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Table 2.2 - Soil classification tests 

Tvpe of soil 
Clayey soil Silty soil Sandy, 

gravelly soil 

Parameter Type of specilnen Type of specimen Type of 
specinlen 

Undis- Dis- Re- Undis- Dis- Re- Dis- Re-
curbed turbed moul- turbed turbed moul- 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) (X) (X) (X) 
Bulk density X (X) - X (X) -
MinimUll1 and eX) (X) eX) X X 
Inaximmn densities 
Atterberg (consistency) X X X X X 
limits 
Particle X X X X X X X X 
distribution 
Undrained shear X - - (X) - -

strength 
Permeability X - X (X) (X) eX) (X) 

Sensitivity X - - - -

X normal to determi ne 
(X) possible to 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. 

(3) Laboratory tests to determine parmneters for geotechnical calculations are given in Table 

(4) Suitable routine laboratory tests for rock sarnples giving the necessary basis for the 
description of the rock rnaterial are as follows: 

the geological classification; 
the density or bulk Inass density (p) detennination; 
the water content (w) deternlination; 
the porosity (n) determination; 
the uniaxial cOInpression strength (O'c) detellnination; 
the Young's modulus of elasticity (E) and Poisson's ratio (v) determination; 
the point load strength index test (ls,50). 

(5) The classification of rock core samples will nornlally cOlllprise a geological description, the 
core recovery, the Rock Quality Designation (RQD), the degrees of induration, fracture log, 
weathering and fissuring. ]n 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 deternlination, wave velocity 
detennination, Brazilian tests, shear strength of rock and joints detennination, slake durability 
tests, swelling tests and abrasion tests. 
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(6) The properties of the rock lllass including the layering and fissuring or discontinuities may be 
investigated indirectly by cOlllpression and shear strength tests along joints. In weak rocks, 
cOluplementary tests in the field or large-scale laboratory tests on block saluples lTIay be Blade. 

Table 2.3 - Laboratory tests for the determination of geotechnical parameters 

Geotechnical Type of soil 
parameter Gravel Sand Silt NC clay OC clay Peat 

organic 
clay 

Oedolneter modulus (OED) (OED) OED OED OED OED 
(Eoed ); compression (TX) (TX) (TX) (TX) (TX) (TX) 
index (Cc); 

[ one-dimensional 
compressibility] 
Young's modulus (E); TX TX TX TX TX TX 
Shear lTIodulus (G) 

Drained (effective) shear TX TX TX TX TX TX 
strength (d), (qJ') SB SB SB SB SB SB 

Residual shear strength RS RS RS RS RS RS 
(dR), (q;1R) (SB) (SB) (SB) (SB) (SB) (SB) 

Undrained shear strength TX TX TX TX 
(clI ) DSS DSS DSS DSS 

SIT (SB) (SB) (SB) 
SIT SIT SIT 

Bulk densi ty (p) BDD BDD BDD BDD BDD BDD 
Coefficient of OED OED OED OED 
consolidation (cI ·) TX TX TX TX 
Permeability (k) PTC TXCH TXCH TXCH 

TXCH TXCH TXCH (PTF) (PTF) (PTF) 
PSA PSA (PTF) (OED) (OED) (OED) 

= not applicable 
( ) partially applicable only; for details, see Section 5. 

Abbreviations of laboratory tests: 
BDD Bulk density determination 
DSS Direct si mplc shear tcst 
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 Strcngth index tests (normally performcd in the preliminary phase only) 
PSA Particle size analysis 
TX Triaxial test 
TXCH Permeability constant head test in the triaxial cell (or flexible wall permeameter) 

2.5 Controlling and nlonitoring 

(1)P A nUlnber of checks and additional tests shall be lTIade during the construction and 
execution of the project, when relevant, in order to check that the ground conditions agree with 
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those detennined in the design investigations and that the properties of the delivered construction 
Inaterials and the construction works correspond to those presumed or specified. 

NOTE See also EN 1997-1 :2004, Section 4. 

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

(3) The following genera] control measures may be applied: 
1neasurell1ents of groundwater level or pore pressures and their fluctuations; 
nleasurenlents of the behaviour of neighbouring constructions, services or civil engineering 
works; 
Ineasureillents of the behaviour of the actual construction. 

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 controlll1easures shall be compiled, reported and checked against the 
design requirements. Decisions shall be taken based on these findings. 
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Section 3 Soil and rock sanlpling and groundwater measurements 

3.1 General 

(l)P Smnpling of soils and rocks by drilling and excavations and groundwater nleasurements 
shall be conducted so conlprehensively that the necessary geotechnical design data are obtained. 

3.2 Sampling by drilling 

(l)P The drilling equipment shall be selected according to: 

- the sarnpling categories required, as defined in 3.4.1 and 3.5.1; 
the depth to be reached and the required diameter of the smnple; 

- the functions required froIll the drilling rig, recording of the drilling parameters, 
autolnatic or n1anual adjustInent. 

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

3.3 Sampling by excavation 

(l)P If san1ples are recovered froln trial pits, headings or shafts, the requirelnents of 
EN ISO 22475-1 shall be followed. 

3.4 Soil sampling 

3.4.1 Categories of sampJing methods and laboratory quaJity classes of samples 

(l)P Samples shall contain all the nlineral constituents of the strata from which they have been 
taken. They shall not be contalninated by any Inaterial fr01n other strata or fr0111 additives used 
during the sarnpling procedure. 

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

category A saIl1pling methods: samples of quality class 1 to 5 can be obtained~ 
- category B salnpling methods: sarnples of quality class 3 to 5 can be obtained~ 
- category C smnpling ll1ethods: only smnples of quality class 5 can be obtained. 

(3) Smnples of quality classes 1 or 2 can only be obtained by using category A sampling lnethods. 
The intention is to obtain smnples of quality classes 1 or 2, in which no or only slight disturbance 
of the soil structure has occurred during the saInpling procedure or in the handling of the sarnples. 
The water content and the void ratio of the soil correspond to those in-situ. No change in 
constituents or in chenllcal composition of the soil has occurred. Certain unforeseen cirCU111stances 
such as variations in geological strata I11ay lead to lower smnple quality classes being obtained. 

(4) Using category B saInpling 111ethods will preclude achieving sanlples of quality classes better 
than 3. The intention is to obtain samples that contain all the constituents of the in-situ soil in their 
original proportions and for the soil to retain its natural water content. The general arrangement of 
the different soil layers or c01nponents can be identified. The structure of the soil has been 
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disturbed. Certain unforeseen circUlllstances such as variation in geological strata nlay lead to 
lower sanlple quality classes being obtained. 

(5) By using category C sanlpling nlethods, samples of quality classes better than 5 cannot be 
obtained. The soil structure in the sample has been totally changed. The general anangeillent of 
the different soil layers or cOillponents has been l110dified so that the in-situ layers cannot be 
identified accurately. The water content of the sample needs not represent the natural water 
content of the soi I layer satllpled. 

(6)P Soi I samples for laboratory tests are divided in five quality classes with respect to the soil 
properties that are assumed to renlain unchanged during sanlpling and handling, transport and 
storage. The classes are described in Table 3.1, together with the satnpling category to be used. 

'rable 3.1 - Quality classes of soil samples for laboratory testing and sampling categories 
to be used 

Soil properties / quality class 1 2 3 4 5 
Unchanged soil properties 
particle ~I~ ~!-: ~~ ~1~ 

water content ~l~ ~;~ 

density, density index, permeability 
.,. 

conlpressibility, shear strength 
Properties that can be determined 
sequence of layers :1~ ~~ ~;~ ~l: 

boundaries of strata - broad ~;:: ;1: :{: 

I boundaries of strata fine ~;: ~I~ 

Atterberg linnts, particle density, organic content :;~ ~!: ;i: 

water content ~~ ~:: ~~ 

density, density index, porosity, penneability ~~ :;!~ 

compressibility, sheat" strength ~i-: 

Sanlpling category according to EN ISO 22475-1 A 
B 

C 

3.4.2 Soil identification 

(I)P Soil identification, based on the examination of the saIllples recovered, shall confonn to 
EN ISO 14688-1. 

3.4.3 Planning of soil sampling 

(l)P The quality class and nmnber of satnples to be recovered shall be based on the ailus 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 sanlpling by drilling. 
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Drilling to recover smnples only at specific predetennined elevations, e.g. by separately 
conducted penetration tests. 

(3)P The sampling categories shall be selected considering the desired laboratory quality classes, as 
detailed in Table 3.1, the expected soil types, and groundwater conditions. 

(4)P The requirelnents of ISO 22475-1 shall be followed, for the selection of the drilling or 
excavation n1ethods and smnpling equiplnent adequate to the soil sampling category prescribed. 

NOTE The recovery of completely undisturbed samples is practically impossible due to, among other factors, the 
mechanical disturbance caused hy the sampling operations and to the unavoidable stress release when recovering the 
sample. The clTecl of these factors on the of disturbance depends on the samp] ing 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 the same sampling methods. Thus very sensitive soils are prone to disturhance, while less sensitive soils, 
such as most stiff clays, may require less restrictive methods of sampling for obtaining fairly undisturbed samples. On 
the other hand, each problem requires a di frerenl of accuracy for the soil parameters to he used. As a 
consequence, when preparing a sampling programme, the factors mentioned above should be considered in order to 
decide the degree of disturbance that can he accepted and therefore the sampling methods to he required. 

(5) For a given project, specific smnpling equiplnent and lnethods lnay be required within the 
sarnphng categories defined in 3.4.1. For instance, this is the case when the deformation moduli 
(stiffness) at s111alJ strains have to be deternuned in undisturbed smnples. 

(6)P The diInensions of the smnples to be recovered shall be in accordance with the type of soil 
and the type and nUlnber of tests to be performed. 

NOTE See Section 5 and Annexes L, M, N, P, Q, Rand S. 

(7) Smnples should be taken at any change of stratum and at a specified spacing, usually not 
larger than 3 111. 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 sanlples 

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

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

3.5 Rock sampling 

3.5.1 Categories of sampling nlethods 

(I)P Smnples shall contain a]] the lluneral constituents of the strata frOln which they have been 
taken. They shaH not be contmninated by any Inaterial frOIn other strata or from additives used 
during the smnpling procedure. 

(2)P The discontinuities and corresponding infilling materials existing in the rock nlass often 
control the strength and deforn1ation characteristics of the lnaterial as a whole. Therefore, they 
shall be defined as closely as possible during the sampling operations, if such properties have to 
be determi ned. 
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(3)P Three sampling method categories shall be considered (see EN ISO 22475-]), depending on 
the quality of salnple: 

category A sampling methods; 
category B sall1pling methods; 
category C sampling ll1ethods. 

(4) By using category A sampling methods, the intention is to obtain samples in which no or 
only slight disturbance of the rock structure has occurred during the sanlpling procedure or in 
handling of the samples. The strength and deformation properties, water content, density, 
porosity and the pernleability of the rock sample correspond to the in-situ values. No change in 
constituents or in chemical composition of the rock ll1ass has occurred. Certain unforeseen 
CirCU1l1stances such as variations of the geological strata may lead to lower sample quality being 
obtained. 

(5) By using category B sanlpling lnethods, the intention is to obtain smnples that contain all the 
constituents of the in-situ rock Inass in their original propOltions and with the rock pieces retaining 
their strength and defonnation properties, water content, density and porosity. By using category B 
sampling methods, the general arrangelnent of discontinuities in the rock mass can be identified. 
The structure of the rock mass has been disturbed and thereby the strength and defonnation 
properties, water content, density, porosity and permeability for the rock nlass 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 Inateriallnay have been crushed. Some changes in constituents or 
in chemical composition of the rock Inaterial can occur. The rock type and its matrix, texture and 
fabric can be identified. 

3.5.2 Rock identification 

(I)P Visual rock identification shall be based on exmnination of the rock masses and samples 
including all observations of decOlnposition and discontinuities. The identification shall conform 
to EN ISO 14689-1. 

(2)P Weathering classification shall be related to the geological processes and shall cover the 
grades between fresh rock and rock deco111posed into soil. The classification shal1 conform to 
4.2.4 and 4.3.4 of EN ISO 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 conforn1 to of EN ISO 14689-1 :2003. 

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

3.5.3 Planning of rock sanlpling 

(1)P The characteristics and nmnber of smnples to be recovered shall be based on the ailn of the 
site investigations, the geology of the area and the cOll1plexity of the geotechnical structure and 
of the construction to be designed. 
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(2)P The category of the sampling nlethods to be prescribed shall be selected according to the 
rock characteristics to be preserved, as detailed in 3.5.1, and the expected rock and groundwater 
conditions. 

(3)P The requirelnents of EN ISO 22475-1 shall be followed for the selection of the dril1ing or 
excavation ll1ethods and sampling equiplnent. 

(4) For a given project, specific smnpling equiplnent and methods may be required within the 
rock smnpling categories defined in 3.5.1. 

3.5.4 Handling, transport and storing of samples 

(l)P After smnpling and visual inspection has taken place, the obtained cores shall be preserved, 
handled and stored according to EN ISO 22475-1. 

3.6 Groundwater nleasurements in soils and rocks 

3.6.1 General 

(l)P Groundwater measurements shall confornl to 2.1A. 

(2)P The deternlination of the groundwater table or pore water pressures in soils and rocks shall 
be Inade by installing open or closed groundwater Ineasuring systenls into the ground. 

NOTE Subclause 3.6 applies to the measurement of positive pore water pressures relative to the atmospheric 
pressure. Measurements of negative pore water pressures are not considered. 

3.6.2 Planning and execution of the measurements 

(l)P When relevant, groundwater Ineasureinents and sainpling shall be conducted in accordance 
with EN ISO 22475-1. 

(2)P The type of equipinent to be used for groundwater measurenlents shall be selected 
according to the type and penneabiljty of ground, the purpose of the measurements, the required 
observation tiIne, the expected groundwater t1uctuations and the response time of the equipment 
and ground. 

(3) There are two Inainmethods for Ineasuring the groundwater pressure: open systelns and 
closed systenls. In open systenls the pieZOlnetric groundwater head is lneasured by an 
observation weI t usually provided with an open pipe. In closed systems the groundwater 
pressure at the selected point is directl y measured by a pressure transducer. 

(4) Open systems are best suited for soils and rock with a relatively high pernleabiUty (aquifers 
and aquitards), e.g. sand, grave] or highly fissured rock. With soils and rocks of low pernleabiJity 
they may lead to erroneous interpretations, due to the time lag for filling and elnptying the 
pressure pipe. The use of filter tips connected to a snlall dia111eter hose in open systelns, 
decreases the tinle lag. 

(5) Closed systems can be used in all types of soil or rock. They should be used in very low 
penneability soils and rocks (aquicludes), e.g. clay or low fissured rock. Closed systenlS are also 
recolnlnended when dealing with high artesian water pressure. 
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(6)P When very short- term variations or fast pore water fluctuations are to be lTIonitored, 
continuous recording shall be used by 111eanS of transducers and data loggers, with any types of 
soils and rocks. 

(7)P Tn 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 lTIeaSUrelnents. 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 111easurements, the topography, the stratigraphy and the soil conditions, especially 
the pern1eabjIity 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 changes to be lnonitored. 

(10) 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 111eaSUrements reflecting the pore pressure at the intended point in a soi1 
or rock layer, provisions shall be Inade, according to EN ISO 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 lTIeasuring period for a given 
project shall be planned considering the purpose of the Ineasurelnents and the stabilisation 
period. 

(13) The criteria adopted should be adjusted after an initial period of tin1e, according to the 
actual variations of the readings being observed. 

(14)P If it is intended to assess groundwater fluctuations, measurelnents shall be taken at 
interva1s sT11aller than the natural fluctuations to be characterised and over a long period of tilne. 

(15) During the drilling process, the observation of the water level at the end of the day and the 
start of the foHowing day (before the drilling is resunled) 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 site investigations, sonle 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 
linlitations Inentioned in 3.6.2 (4). The dangers associated with the connection of different 
aquifers shou1d be taken into account, as well as any relevant environmental regulations. 

3.6.3 Evaluation of results of groundwater measurements 

(1)P The evaluation of groundwater measurelnents shaH take il1to account the geological and 
geotechnical conditions of the site, the accuracy of individual meaSUrelTIents, the fluctuations of 
pore water pressures with tilne, the duration of the observation period, the season of 
nleasurements and the climatic conditions during and prior to that period. 
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(2)P The evaluated results of groundwater 111easnrements shall comprise the observed Inaxilnum 
and Ininilnmn elevations of the water table, or pore pressures and the corresponding Ineasuring 
period. 

(3)P If applicable, upper and lower bounds for both extreme and nonnal circmnstances shall be 
derived from the Ineasured values, by adding or subtracting the expected fluctuations or a 
reduced part of them, to the respective extrelne or nonnal circmnstances. The frequent lack of 
reliable data for extended periods of time of this type of Ineasurelnents will necessitate the 
derived values being a cautious estimate based on the liInited available infonnation. 

(4) The need for Inaking further measurelnents or installing additionallneasuring stations should 
be assessed during the field investigations and in the ground investigation report. 

NOTE In Annex an example is presented of a statistical method to evaluate the groundwater conditions, 
when long term measurements in a reference pipe in the are available and a short measuring period on the 
actual site has been carried out. 
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Section 4 Field tests in soil and rock 

4.1 General 

(1)P When field tests are conducted, they shall be linked to sanlpling by excavating and drilJing, 
in order to collect infonnation on the ground stratification and to obtain geotechnical parmneters 
or direct input for design n1ethods (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; 

type of structure, the possible foundation and the anticipated work during the construction; 
- type of geotechnical paralneter required; 

design Inethod to be adopted. 

(3) The tests or con1binations thereof should be selected frOlu the following types, contained in 
the Parts of EN ISO 22476 and covered in this Section: 

cone penetration test; 
pressurelueter and dilatolneter tests; 
standard penetration test; 

- dynamic probing; 
- weight sounding test; 
- field vane test; 

flat dilatOlneter test; 
plate loading test. 

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

(4) Other cOlnplen1entary internationally recognised investigation n1ethods, for instance 
geophysicallnethods, n1ay be used. 

4.2 General requirements 

4.2.1 Planning a specific test programnle 

(l)P In addition to the recOlumendations given in 2.3 and the requirements given in 2.4 and 4.1 
(2), the following infonnation shall be established: 

ground profi1e to be expected; 
desired total depth of investigation; 
elevation of ground surface and if applicable groundwater level. 

(2)P When designing the ground investigation progran1n1e, the selection of the type of field tests 
and of the test equipluent sha11 ailn at obtaining the best technical and economical solution for 
the intended purpose. 

NOTE see also Table 2.1 and B.2. 
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4.2.2 Execution 

~ (1)P For the tests covered in this Section, equipment and procedures shall correspond to the 
requirements in EN ISO 22476-1 to EN ISO 22476-9, EN ISO 22476-12 and EN ISO 22476-13. @j] 

NOTE Further information on a procedure, presentation and evaluation of the weight sounding test and the nat 
dilatomeler lest 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 
infonnation (see Section 2) about the test site and/or the aim of the investigation, additional 
nleasures shall be considered such as: 

additjonal tests; 
- changing to different test methods. 

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

4.2.3 Evaluation 

(l)P In evaluating the field test results, especially in the context of deriving geotechnical 
pararneters/coefficients frOln the results, any additional infornlation about the ground conditions 
shal1 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 equiplnent influences on the 
measured paranleters shall be considered. When a soil or rock formation exhibits anisotropy, 
attention shall be paid to the axis of loading with respect to the anisotropy. 

(4)P If correlations are used to derive geotechnical paranleters/coefficients, their suitability shaH 
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 c0111patible with the 
boundary conditions given for the correlation. Local experience shall be used for confirmation, if 
available. 

NOTE 1 Annexes D to K give examples of correlations for the establishment of derived values and for the 
application of test values to design methods. 

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, CPTM) 

4.3.1 Objectives 

(1) The objecti ve of the cone penetration test (CPT) is to deternline the resistance of soil and soft 
rock to the penetration of a cone and the local friction on a sleeve. 

(2)P The CPT consists of pushing a cone penetronleter 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 penetron1eter comprises the cone and if appropriate a cylindrical shaft or friction 
sleeve. The penetration resistance of the cone (qc) as well as, if appropriate, the local friction on 
the friction sleeve shall be measured. 

(3)P For electrical CPTs, all nleasurelnents shall be Iuade by sensors contained in the cone 
penetrOIneter. 

(4) For mechanical CPTs, the Ineasurelnents are generally Inade relnotely. 

(5) The piezocone penetration test, CPTU, is an electrical CPT, which includes additional 
instrumentation to 111eaSUre the pore water pressure during penetration at the level of the base of 
the cone. 

(6) The CPTU results should be used Iuainly for the detennination of a soil profile together with 
results froll1 sal11pling by drilling and excavations according to Section 3 or in comparison with 
other field tests. 

(7) The results may also be used for the detennination of geotechnical parmneters such as the 
strength and deformation properties of soil and soft rock provided penetration is possible, and for 
direct input to design 111ethods, generally in coarse and fine soil but also possibly in other 
deposits. 

(8) The results may also be used to deter111ine the length of piles and their c0111pressive or tensi Ie 
resistance or the dimensions of shallow foundations. 

4.3.2 Specific requirements 

~ (I)P The tests shall be carried out and reported in accordance with a lnethod that confonl1s to the 
requirelnents given in EN ISO 22476-1 for the electrical CPT and CPTU, or EN ISO 22476-12 
for the CPTM. ~ 

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

(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 cOlnlnented upon. 
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4.3.3 Evaluation of test results 

(l)P In addition to the requirenlents given in 4.2, the field and test reports accord] ng to 
EN ISO 22476-1 or EN ISO 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, (qt), should be used in evaluation. 

4.3.4 Use of test results and derived values 

4.3.4.1 Bearing resistance and settlenlent of spread foundations 

(l)P If the bearing resistance or the settlel11ent of a spread foundation is derived frorn CPT 
results, either a semi-empirical or an analytical design Inethod shall be used. 

NOTE See, for example, EN J 997 -I :2004, Annex D or F. 

(2)P If a semi-elnpirical 111ethod is used, all the features of the method shaH be taken into 
account. 

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

(3) If the sarnple analytical nlethod for bearing resistance of Annex D in EN 1997-1 :2004 is 
used, the undrained shear strength of fine soil, (cu) may be detenl1ined for a CPT from: 

Cll = (4.1) 

Or, in the case of a CPTU, fronl: 

where 
qc 
qt 

ell 

Nk and Nkt 
avo 

(4.2) 

is the cone penetration resistance 
is the cone penetration resistance corrected for pore water pressure effects; 
are coefficients estimated from local experience or reliable correlations 
is the initial total vertical overburden stress at the depth under consideration; 

(4) If the sample analytical Dlethod for bearing resistance calculation of Annex D of EN 1997-
1 :2004 is used, the angle of shearing resistance (rp') Inay be determined froll1 the cone resistance 
(qc), on the basis of local experience, taking into account depth effects, when relevant. 

NOTE I An example of ranges of values to estimate cp' from qc for quartz and feldspar sands is given in 0.1, 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 betweencp' and qc for poorly-graded sands is given in D.2. The 
correlation given in D.2 should he considered as giving a conservative estimate. 

(5) More elaborate methods nlay also be used for deten11iningrp' from qc, taking into account the 
effective vertical stress, the compressibility, and the over-consolidation ratio. 
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(6) If an adjusted elasticity lnethod is used for calculating settlenlents of spread foundations fro111 
CPT results, the cOlTelation between cone resistance (qc) and the drained (long term) Young's 
11l0dulus of elasticity (E') depends on the nature of the lnethod: the selni-elnpiricaJ elasticity 
method, or the theoretical elastic n1ethod. 

NOTE An adjusted elasticity method is given in EN 1997-1 :2004, Annex F. 

(7) Sellli-empirical nlethods n1ay be used for calculating settlements in coarse soil. 

NOTE An example is given in D.3. 

(8) When a theoretical elastic method is used, the drained (long term) Young's modulus of 
elasticity (E') lllay be deternlined from cone resistance (qc), on the basis of local experience. 

NOTE An example of sample values for quartz and feldspar sands is given in D.l to estimate a value of E' from 

(9) Correlations between the oedometer 1110dulus (Eoed) and the cone resistance (qc) may also be 
used when calculating settlements of spread foundations. The following relationship between 
Eoccl and qc is often adopted: 

where 
a 

NOTE 

ax qc (4.3) 

is a correlation factor depending on local experience. 

An example of a correlation is given in DA. 

(10) When a theoretical elastic method is used to calculate the settlements of spread foundations, 
a stress dependant oedometer modulus (Eoed), based on qc, nlay be used. 

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

NOTE 2 Examples of correlations between qc and Eoed are given in D.5. The correlations given in D.5 should be 
considered as conservati ve esti mates. 

4.3.4.2 Pile bearing resistance 

(l)P If the ultilnate compressive or tensile resistance of piles according to EN 1997-1 :2004, 
7.6.2.3 or 7.6.3.3 is derived fro1l1 CPT results, calculation rules based on locally established 
correlations between the results of static load tests and CPT results shall be used. 

NOTE I An example for such correlations for coarse soil is shown in D.6. 

NOTE 2 An example is gi ven for the assessment of the compressive resistance of a single pile on the basis of qc
values from a CPT in D.7. 
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4.4 Pressuremeter tests (PMT) 

4.4.1 Objectives 

(1) The objective of the pressuremeter test is to lneasure in-situ the deformation of soH and soft 
rock caused by the expansion of a cylindrical flexible Inernbrane under pressure. 

(2)P The test consists of inserting a probe containing a cylindrical flexible nlen1brane into the 
ground either into a pre-fornled borehole, or by self-boring or by full displacement pushing. 
Once at a predetennined depth the membrane is expanded under pressure and readings of 
pressure and expansion are recorded until a maximuln expansion for the particular device is 
reached. 

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

(3) The test should be used to derive strength and/or defonnation paranleters of the ground or 
specific pressurenleter parmneters. 

(4) The results lnay be used to derive stress-strain curves in fine soil and soft rock. 

4.4.2 Specific requirements 

(l)P When planning a test progranlme for a project the type of pressurenleter to be used shall be 
specified. 

(2)P There are four different types of apparatus generally available, for which the corresponding 
standards shall be used: 

pre-bored pressuremeters (PBP), e.g. the flexible dilato111eter test (PDT), according to 
ISO 22476-5~ 
the Menard pressurelneter (MPM), a specific forn1 of the PBP, according to EN ISO 22476-
4~ 

the self-boring pressuremeter (SBP), according to EN ISO 22476-6: 
the fuU-displacelnent pressuremeter (FDP), according to EN ISO 22476-8. 

NOTE The PBP and the MPM are lowered into a test hole created specifically for the pressure meter test. The 
SBP is drilled 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 lnay be used: 
a procedure to obtain a pressurenleter modulus, (EM)' and liluit pressure, (PLM), that may be 
used in design procedures fonnulated for the Menard pressurelneter; and 
a procedure to obtain other stiffness and strength paratneters. 
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(4)P The tests shall be carried out and reported in accordance with a test lnethod that confonns to 
the requirements for the particular instrmnent type to be used, 
(see 4.4.2 (2)P). 

(5)P Any deviations froln the requirelnents given in the corresponding standard shall be justified 
and in particular their influence on the results shall be con1mented upon. 

4.4.3 Evaluation of test results 

(l)P If necessary, the applied pressure shall be corrected for melnbrane stiffness to obtain the 
true pressure applied to the cylindricaJ ground contact surface around the probe. 

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

(3)P If a vo}ull1e displacement type pressurelneter is used (e.g. MPM), the volun1e reading shall 
be corrected for systen1 expansion. 

(4)P Tn addition to the requirelnents given in 4.2, the field and test reports according to 
EN ISO 22476-4 EN ISO 22476-5 EN ISO 22476- 6 and EN ISO 22476-8 for the specific test 
type shall be used for the basis of any further evaluation. 

(5) In addition to the plots required by the individual equiplnent test standard, the list of 
additional plots in Table 4.1 should be considered. 

Table 4.1 - 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 

arms 
Self bored All initial cavity strain for each Applied pressure 

ann 
All All Cavity strain for unload- Applied pressure 

reload cycle for each arm 
All Clay Logarithln of cavity strain Applied pressure 

for each ann 
All Sands Natural ]ogarithln of current Natural logarithm 

cavity strain for each arm of effective applied 
pressure 

Volunle displacement type (except lVIPM) a 

Pre-bored All Volulne change Applied pressure 
Pre-bored All Rate of change of volume App1ied pressure 
a 

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

46 



BS EN 1997-2:2007 
EN 1997-2:2007 (E) 

4.4.4 Use of test results and derived values 

4.4.4.1 General criteria 

(l)P If an indirect or analytical design lnethod is used, the geotechnical parmneters of shear 
strength and shear Inodulus shall be derived frOin the pressuren1eter curve using 111ethods 
relevant for the particular test and equiplnent type. 

(2)P If a direct or setni -enlpirical design method is used, all the features of the tnethod shall be 
taken into account. 

NOTE Direct foundation 
conventional soil properties. 

procedures use directly the measurements from field teslS, instead of 

(3)P If, for instance, the semi-elnpirical method to detennine the settlelnent of spread 
foundations frorn MPM results is used, only the 1110dulus (EM) detennined from Menard 
pressurelneter results shall be applied in this particular method. 

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

4.4.4.2 Bearing resistance of spread foundations 

(l)P If a semi-empirical method is used, then all aspects relating to the method need to be 
followed, in particular the specification for the pressurenleter type used in establishing the 
method. EN ISO 22476-4 shall be followed. 

NOTE 1 The semi-empirical method according to Menard is given in EN 1997-1 Annex E. 

NOTE 2 An example of the calculation of the bearing resistance is given in E. J. 

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

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

(3) The angle of shearing resistance (cp') nlay be deternlined fro111 an SBP test in coarse soil by 
theoretical methods and fronl PDP and PBP tests using elnpirical correlations but only on the 
basis of local experience. 

4.4.4.3 Settlement of spread foundations 

(1) The settlelnent of spread foundations 11lay be determined froll1 MPM tests using a 
elnpirical method. 

NOTE An example of the calculation is given in E.2. 

(2) If an analyticallnethod is used, the stiffness of the soil may be detennined using theoretical 
models to interpret the pressurelneter test but only on the basis of local experience. 

NOTE Examples of analytical methods are given in EN 1997-1 :2004, Annex F. 
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4.4.4.4 Pile bearing resistance 

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

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

(2) When the ultinlate c0111pressive or tensile resistance of a pile is derived indirectly froln 
pressuremeter test results, an analytical method Inay be applied to derive values of base and shaft 
resistance but only on the basis on local experience. 

4.5 Flexible dilatonleter test (FDT) 

4.5.1 Objectives 

(1) The objective of the flexible dilatometer test is to Ineasure in-situ the defonnability of rock 
(rock dilatometer test, RDT), and soil (soil diiatOlneter test, SDT) fronllneasurelnents of the 
radial expansion of a borehole section under a known unifornl radial pressure applied by means 
of a cylindrical dilatolneter probe. 

(2)P The test consists of inserting a cylindrical probe, having an outer expandable flexible 
lnelnbrane, into a borehole, and measuring, at selected tilne intervals or in a selni-continuous 
manner, the radial displacelnent of the borehole while inflating the probe under known radial 
pressure. 

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

(4) The results of cylindrical dilatOlneter tests Inay be used to determine the deforInation and 
creep properties in-situ when testing intact rock. 

(5) In fragile 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 laboratory testing, 
the cylindrical dilatOineter test Inay be used for rapid index logging of boreholes and for 
comparisons of relative defornlability of different rock strata. 

4.5.2 Specific requirements 

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

(2)P The tests shal] be calTied out and reported in accordance with a test Inethod that confonns to 
EN ISO 22476-5. 

(3)P Any deviations fr01n the requirenlents given in EN ISO 22476-5 shall be justified and in 
particular their influence on the results shall be comlnented upon. 

4.5.3 Evaluation of test results 

(l)P In addition to the requirelnents given in 4.2, the field and test reports accordjng to 
EN ISO 22476-5 for the specific test type shall be used for evaluation purposes. 
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(2) The interpretation of flexible dilato111eter tests requires that the Poisson's ratio of the soil or 
rock should either be known or assUlned. 

4.5.4 Use of test results and derived values 

(1) The results of dilatolneter tests luay be used to check the serviceability limit state of spread 
foundations on soil or rock through a defonnation analysis. 

(2) When perfornling a defonuation analysis, the Young's nlodulus of elasticity (E) l11ay be taken 
equal to the dilato111eter 1110dulus (EFryr) on the assumption that the soil or rock is linearly elastic 
and isotropic. 

(3)P When an indirect or analytical design IDethod is used, the geotechnical parameters of shear 
modulus sha11 be derived fro111 the dilatometer curve using 111ethods 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 detenuination of the resistance of soil 
at the base of a borehole to the dynanlic penetration of a split barrel salup]er (or solid cone) and 
the obtaining of disturbed samples for identification purposes. 

(2)P The smupler shall be driven into the soil by dropping a hmumer of 63,5 kg luass onto an 
anvil or drive head fron1 a height of 760 nlm. The number of blows (N) necessary to achieve a 
penetration of the sa111pler of 300 mID (after its penetration under gravity and below a seating 
drive) is the penetration resistance. 

(3) The test should be used luainly for the determination of the strength and deformation 
properties of coarse soiL 

(4) Valuable additional data luay also be obtained in other types of soiL 

4.6.2 Specific requirements 

(l)P The tests shall be carried out and reported in accordance with EN ISO 22476-3. 

(2)P Any deviation frOln the requirements given in EN ISO 22476-3 shall be justified and in 
particular its influence on the results of the test shall be C01111nented upon. 

4.6.3 Evaluation of test results 

(l)P In addiOon to the requireluents given in 4.2, the field and test reports according to 
EN ISO 22476-3 shall be used for evaluation purposes. 

(2)P Existing design Inethods of foundations based on the SPT are of elnpirical nature. 
Equipluent-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 ISO 22476-3). 
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(3)P The energy ratio (Er) has to be known for the equiplnent if the results are to be used for the 
quantitative evaluation of foundations or for the cOlnparison of the results. Er is defined as the 
ratio of the actual energy Emeos (lneasured energy during calibration) delivered by the drive
weight asselnbly into the drive rod below the anvil, to the theoretical energy (Etheor) as calculated 
for the drive-weight assembly. The measured number of blows (N) shall be corrected accordingly 
(see EN ISO 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 ISO 22476-3:2005, A.2 and AA). 

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

4.6.4 Use of test results and derived values 

4.6.4.1 General criteria 

(1) When dealing with sands, a wide elnpirical experience in the use of this test 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 considered as only a rough approximation. 
Most of the existing nlethods are still based on uncorrected or partly corrected values. 

(2) There is no general agreelnent on the use of the SPT results in clayey soil. In principle, it 
should be restricted to a qualitative evaluation of the soil profile or to a qualitative estilnate of 
the strength properties of the soil. 

(3) The SPT results may sOlnetimes be used in a quantitative way in clayey soil under well
known local conditions, when directly correlated to other appropriate tests. 

4.6.4.2 Bearing resistance of spread foundations in sands 

(1) If an analyticallnethod for the calculation of bearing resistance is used, the effective angle of 
shearing resistance (rp') may be derived from SPT results. 

NOTE For examples of analytieal rnethods for the calculation of bearing resistanee, see EN 1997-1 :2004, Annex 
D. 

(2) The value of rp' may be derived e111pirically froln: 
direct correlations with SPT results; 
correlations with density index, where the density index is derived from SPT results. 

NOTE I See for example F. J and F.2. 

NOTE 2 The relationships given in F.I can be used to determine the density index ID from either N60 or (Nd6(h 
(see EN ISO 22476-3). 

(3) The resistance of sand to deformation is often increased the longer the geological period of 
conso1idation. This tlageingtl effect is reflected 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 
sanle values of II) and d vO. 
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NOTE I In F.l, some sample correlations are shown by the means of which the effect of hoth ageing and over
consolidation can be taken into account. 

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

4.6.4.3 Settlenlent of spread foundations in sand 

(1) If a purely elastic design method is used, the drained Young's modulus of elasticity may 
be derived froln the N~values through el11pirical correlations. 

(2) Alternatively, the density index may be derived based on the N6o-value. Then an appropriate 
correlation may be used to obtain 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 settlen1ents of foundations. Allowable bearing resistance for 
a maximUll1 settlen1ent of n11n 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 
en1bedment in the ground and groundwater table position. 

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

4.6.4.4 Pile bearing resistance in sand 

(l)P If the ultimate cOl11pressive or tensile resistance of piles is derived fr0111 SPT results 
according to EN 1997-1 :2004,7.6.2.3 or 7.6.3.3, calcu1ation 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 dynan1ic probing tests is to determine the resistance of soil and soft rock 
in-situ to the dynamic penetration of a cone. 

(2)PA hm11111er of a given mass and falling 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 detennination of a soil profile together 
with results fron1 saI11pling by drilling and excavations according to Section 3 or as a relative 
c0111parison of other in-situ tests. 

(4) The results may also be used for the detern1ination of the strength and defor111ation 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. 
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4.7.2 Specific requirenlents 

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

(2)P The tests shall be carded out and reported in accordance with EN ISO 22476-2. 

NOTE Five procedures are available according to EN ISO coveri ng a wide range of work per 
blow: DPL, DPM, DPH, DPSH-A and DPSH-B as follows. 

Dynamic rrobing light (DPL): test the lower end of the mass range of dynamic penetrometers. 
Blow count: NJol~' 
Dynamic probing medium (DPM): test representing the medium mass range of dynamic penetrometers. Blow 
count: 
Dynamic probing (DPB): test representing the medium to very heavy mass range of dynamic 
penetrometers. Blow count: NIOH . 

Dynamic probing super heavy (DPSH-A and tests representing the upper end of the mass range of 
dynamic penetrometers closely related to the dimensions of the SPT. Blow count: or N20SA, NIOSI3 or 

(3)P Any deviation fronl the requirements given in EN ISO 22476-2 shall be justified and in 
particular its influence on the results of the test shall be comlnented upon. 

NOTE Deviations exist with respect to: 
falling height and hammer mass; 
dimensions of the cone: e.g. an area of 10 
EN .ISO clause 4. 

for the DPM cone, instead of 15 cm2 as specified in 

(4) In locations with special difficulties of accessibility, lighter equiplnent and procedures other 
than those specified in ISO 22476-2 may be used. 

4.7.3 Evaluation of test results 

(l)P In addition to the requirelnents given in 4.2, the field and test reports according to 
EN ISO shall be used for eva1uation purposes. 

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

4.7.4 Use of test results and derived values 

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

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

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

NOTE I Examples of such correlations arc included in Annex O. 
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NOTE 2 The correlations given in Annex G should be considered as conservative estimates. 

(4) If an analytical rnethod for bearing resistance of spread foundations is used, the angle of 
shearing resistance (qf) of coarse soil may be detennined frOln the number of blows and the 
corresponding density index (lo) with correlations. 

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

NOTE 2 Such correlations for the determination of q:I are given as examples in G.I and G.2. 

(5) If a theoretical elastic method is applied to calculate the settlernents spread foundations, 
the oedonleter 1110dulus (Eoed) derived fron1 the nurnber of blows may be used. 

NOTE I Examples ofthcorctical clastic methods arc given in EN 1997-1 :2004, Annex F. 

NOTE 2 Corresponding examples of correlations for the determination of the oedomcter modulus are given in 
G.3. 

(6) If well-established correlations between ultimate conlpressive resistance froll1 static pile load 
tests (see EN 1997-1:2004, 7.6.2.3) and cone penetration resistance (qc) in coarse soil are used 
for the design, qc nlay be estimated frolll NIO or N20 values using established relationships. 

NOTE I Examples for DPH correlations are given in G.4. 

NOTE 2 An example of correlations bctween the results of different dynamic probing tests is given in G.S. 

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 ll1ade as a static sounding in soft soil if the penetration 
resistance is less than 1 kN. If resistance exceeds 1 kN, the penetr0111eter shall be rotated, 
111anually or 11lechanically, and the number of half-turns for a given depth of penetration 
recorded. A continuous record is provided with respect to depth but no san1p]es are recovered. 

NOTE Further information on a procedure, presentation and evaluation for the WST can be found in 
CEN ISO/TS 22476-) 0, (see X.3.S). 

(3) The weight sounding test should prinlarily be used to give a continuous soil profile and an 
indication of the layer sequence. The penetrability in even stiff clays and dense sands is 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 deternline the depth to very dense ground layers indicating the 
length of end bearing piles. 

4.8.2 Specific requirenlents 

(1) The tests should be carried out and reported in accordance with a recognised ll1ethod. 
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(2)P Any deviation from the requirenlents in the Inethod referred to in (1) shall be justified and 
in particular its influence on the results of the test shall be comlnented upon. 

NOTE Further information on a procedure, presentation and evaluation for the weight sounding test can be found 
in CEN rSO/TS 22476-10. 

4.8.3 Evaluation of test results 

(1)P 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 Inethod referred to in 4.8.2 (J), should 
be used for evaluation purposes. 

NOTE Further information on a procedure, presentation and evaluation for weight sounding test can be found in 
CEN ISOITS 22476-10. 

(3) The following influences can affect the evaluation of the results. @j] 

The variations of the resistance with depth can depend on the variations in the soil layer 
sequence. 
In very soft to finn clays.l the resistance is often less than 1 kN or approxinlately constant and 
less than] ° ha1f-turns per 0,2 111 of penetration. 
As the sensitivity of the clay also influences the penetration resistance, the strength of the 
clay cannot be detennined directly from the penetration resistance without a calibration for 
each site. 
In very loose to loose sedinlents of silt and sand, rather low and constant penetration 
resistances are obtained. 
In lnedium dense to dense silts and fine sands, higher (10 to 30 half-turns per 0,2111 of 
penetration) resistances are obtained, which reillain approximately constant with depth. 
In sand and gravel sedilllents, the variation in penetration resistances increases with the grain 

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

4.8.4 Use of test results and derived values 

(l)P When the bearing resistance or the settlement of a spread foundation is derived from weight 
sounding test results, an analytical design Inethod shall be used. 

(2) If an analytical method for bearing resistance is used, the angle of shearing resistance qJ may 
be detern1ined fronl correlations with weight sounding resistance. 

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

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

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

(4) If an adjusted elasticity lllethod is used for calculating settlements of spread foundations fron1 
weight sounding results, the drained (long term) Young's ll10dulus of elasticity (E') lnay be 
determined froll1 weight sounding resistance on the basis of local experience. In the case of 
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quartz and feldspar sands, for example, the angle of shearing resistance (qJ') nlay be estinlated 
frol11 the weight sounding resistance. 

NOTE 1 Such an adjusted elasticity method is given in EN 1997-1 Annex F. 

NOTE 2 Examples for correlations to estimate the drained (long term) modulus of elasticity (£') and the 
angle of resistance (cp') of quartz and feldspar sands are given in Annex H. 

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

(6) In fine soil, the weight sounding resistance nlay 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 Field vane test (FVT) 

4.9.1 Objectives 

(1) The objectives of the field vane test are the measurement of the resistance to rotation in-situ 
of a vane installed in soft fine soil for the determination of the undrained shear strength and the 
sensi ti vi ty. 

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

(3) field vane test may also be used for the deten11ination of the undrained shear strength in 
stiff clays, silts and glacial 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 beCOlTIeS 
thoroughly rel11oulded, the renloulded shear strength value can be lneasured and the soil's 
sensitivity can be calculated. 

4.9.2 Specific requirements 

(1) The tests should be can-ied out and repOited in accordance with requirelnents given in EN ISO 
22476-9. 

(2)P Any deviation frOiTI the requirelnents given in EN ISO 22476-9 shall be justified, and in 
particular its influence on the results of the test shall be C0J111TIented upon. 

4.9.3 Evaluation of test results 

(l)P In addition to the requiren1ents given in 4.2, the field and the test reports according to 
EN ISO 22476-9 shall be used for evaluation purposes. 

(2) The results of other field test, e.g. from 
available and considered. 

4.9.4 Use of test results and derived values 

SPT, WST or DP if conducted, should be 
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(1)P If the bearing resistance of a spread foundation, the ultilnate c0111pressive or tensile resistance 
of piles or stability of slopes are derived based on vane test results, an analytical design method 
shall be used. 

(2)P In order to obtain derived values for the undrained shear strength frOlD field vane test results, 
the test result (erv) shall be conected based on: 

eLi = II x Crv· (4.4) 

The correction factor II shall be determined based on local experience. 

(3) Existing correction factors are usually related to the liquid HImt plasticity index, the effective 
vertical stress or the degree of consolidation. 

NOTE Annex 1 gives examples of such correction factors. 

4.10 Flat dilatonleter test (DMT) 

4.10.1 Objectives 

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

(2)P The test consists of lneasuring the pressures when the melnbrane is flush with the blade and 
just begins to 1110Ve and when the displacement in the centre of the melnbrane reaches l, 1 0 mIn 
into the soil. The test shall be perfonned at selected depths or in a semi-continuous manner. 

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

(4) The DMT test should prilnarily be used in clays, silts and sands where particles are s111all 
c0111pared to the size of the membrane. 
NOTE Further information on a procedure, presentation and evaluation of the DMT can be found in CENISO/TS 
22476-11, (see X.3.7). 

4.10.2 Specific requirelnents 

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

(2)P Any deviations fron1 the requirelnents given in the 111ethod refelTed to in (1) shall be 
justified and in particular their influence on the results shall be commented upon. 

NOTE Further information on a procedure, presentation and evaluation of the DMT can be found in CEN 
lSOITS 22476-1 1 

4.10.3 Evaluation of test results 

(l)P The requiren1ents given in 4.2, shall be followed for the evaluation of the test results. 
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(2) In addition the field and test reports, according to the nlethod referred to in 4.10.2 (1), should 
be used for evaluation purposes. 

NOTE Further information on a procedure, presentation and evaluation of the DMT can be rOllnd in eEN 
ISOfTS 22476-1 J 

4. t 0.4 Use of test results and derived values 

4.10.4.1 Bearing resistance and settlement of spread foundations 

(l)P If the bearing resistance of spread foundations is derived fronl DMT results, an analytical 
design method shall be used. 

(2) If an analytical method is used, the derived value of the undrained shear strength (ell) of non
cemented clays, for which the DMT test results show material index ImvlT < 0,8, 111ay be 
detennined using the following relationship: 

eu = 0,22 a"'vo x (0,5 Km .. n) 1,25 (4.5) 

where 
KDMT is the horizontal stress index or any other well docUInented relationship based on local 

experience. 

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

(3) If applying an adjusted elasticity 11lethod, the one-dilnensional settlenlent of spread 
foundations lnay be calculated using values of the one-dilnensional tangent 11l0dulus (Eocd) 
determined from results of DMT tests. In fine soil, such procedures should be applied only when 
the SUll1 of the effective overburden pressure and the stress increase induced by the foundation 
load is Jess than the pre-consolidation pressure. 

NOTE J Such an adjusted elasticity method is given in EN 1997-1 :2004, Annex F. 

NOTE 2 An example of sllch a determination of settlements is shown in Annex.l. 

4.10.4.2 Pile bearing resistance 

(l)P If the ultilnate cOlllpressive or tensile resistance of piles is derived frolll DMT results, an 
analytical calculation nlethod shall be applied to derive the values of base and shaft resistance. 

4.11 Plate loading test (PLT) 

4.11.1 Objectives 

(I) The objective of the plate loading test is the detennination of the vertical deformation and 
strength properties of soil and rock Inasses in-situ by recording the load and the corresponding 
settlement when a rigid plate Inodelling a foundation is loading the ground. 

(2)P The plate loading test shall be carried out on a thoroughly levelled and undisturbed surface 
either at ground level or 011 the bottom of an excavation at a certain depth or the bottonl of a 
large dianleter borehole, an exploration shaft or gallery. 
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(3) The test is applied in all soils, fills and rock but nOrInally should not be used for very soft fine 
soil. 

4.11.2 Specific requirements 

(I)P The test shall be carried out and rep0l1ed in accordance with EN ISO 22476-13. 

(2)P Any deviation frOln the requirements given in EN ISO 22476-13 shall be justified and in 
particular its influence on the results shall be cOlnrnented 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 

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

4.11.4 Use of test results and derived values 

(l) The results of a PLT Inay be used to predict the behaviour of spread foundations. 

(2) For deriving geotechnical paraIneters of a hOlnogeneous layer (for use in indirect design 
methods), the layer should have a thickness beneath the plate of at least two tilnes the width or 
diameter of the p] ate. 

(3) ResuJts of a PLT may only be used for direct design Inethods if: 
- the size of the plate has been chosen considering the width of the planned spread foundation 

(in which case the observations are transfornled directly); 
a homogeneous layer up to two tilnes the width of the planned spread foundation exists (in 
which case the results of slnaller sized plates not considering the planned foundation 
width - are used to transform the results on an elnpirical basis to the actual foundation size). 

(4) If an analytical design Inethod for bearing resistance is used, the undrained shear strength (eu) 

nlay be derived frOln a PLT conducted at a constant rate of penetration, sufficiently fast to 
practica]]y preclude any drainage. 

NOTE I Examples of analytical design methods for bearing resistance are given in EN 1997- J :2004, Annex D. 

NOTE 2 An example of a relationship used for deriving the value of ell is given in K.I. 

(5) If an adjusted elasticity Inethod for settlement evaluation is used, the Young's modulus of 
elasticity (E) 111ay be deri ved fr01n the plate settlelnent modulus (EpLT), based on established 
experience. 

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

NOTE 2 The determination of EpLr is shown in K.2. 

(6) The coefficient of sub-grade reaction (k,) for evaluating defonnations l11ay be derived from 
results of an increlnental loading test. 

NOTE An example of the calculation of k, is given in K.3. 
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(7) For direct design, the results of PLT n1ay be transferred directly to the foundation problen1 
without using any geotechnical parameters. 

(8) Settlements of footings in sand Inay be derived from PLT results. 

NOTE An example is given in K.4. 
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Section 5 Laboratory tests on soil and rock 

5.1 General 

(I )P The laboratory test progrmn shall be established in conjunction with the other parts of the 
ground investigation progratn Section 2 for lnore details). 

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

5.2 General requirements for laboratory tests 

S.2.I.General requirements 

(I) The requirelnents given in this section should be considered a minilnum. 

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

(3)P Details of the tests required to deternline the paratneters needed for design sha11 be 
specified. 

5.2.2 Procedures, equipment and presentation 

(l)P Tests shall be carried out and reported according to existing EN and EN ISO docUlnents. 

NOTE CEN LSO/IS documents are available for a number of laboratory tests. Some EN ISO documents are 
under preparation .. 

(2) Provided the requirenlents of this standard are met, alternative test lnethods and procedures 
111ay be selected. 

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

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

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

(6) If appropriate, the results of laboratory soil classification tests should be presented together 
with the soil profile on a plot sUffilnarizing the soil description and all classification results. 

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

5.2.3 Evaluation of test results 

(1) Requirenlents for evaluation of laboratory test results are given in 6.3. 
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(2) Results of individual tests should be c0111pared 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 1iterature, correlations with index 
properties and cOInparable experience. 

5.3 Preparation of soil specimens for testing 

5.3.1 Objective 

(1) The objective of the preparation of soil for laboratory tests is to provide test specilnens that 
are as representative as possible of the soil froln which the saInples are taken. 

(2) For the purposes of preparation, five types of soil specilnens lnay be distinguished: disturbed, 
undisturbed, re-cOInpacted, remoulded and reconstituted speciInens. 

5.3.2 Requirements 

5.3.2.1 Quantity of soil 

(1)P The soil speciInen used for testing shall be sufficiently large to take account of: 
the largest 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 given in 
Annex L. 

5.3.2.2 Handling and processing 

(1)P The requirelnents of EN-ISO 22475-1 shall be observed. 

(2)P All samples shall be clearly and unmnbiguously labelled. 

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

(4)P Soil shall not be allowed to dry before testing jf the test results can be affected by a loss of 
Inoisture. 

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

(6)P If disaggregating processes are applied, the breaking down of individual particles shall be 
avoided. If special treatn1ent 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. 
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5.4 Preparation of rock specimens for testing 

5.4.1 Objective 

(l) The objective of preparing specinlens for testing rock is to provide specilnens that are as 
representative as possible of a rock fornlation. 

NOTE Annexes T to Wand X.2 provide more detail on the preparation of rock specimens for and some 
guidelines. 

5.4.2 Requirements 

(l)P It shall be specified how a rock specimen is prepared. If these specifications cannot be Illet, 
the specimen sha11 be prepared as near to the specifications as possible and it shall be reported 
how the speci lllen has been prepared. 

(2)P All instfll1nents and assemblies for determining straightness, flatness and perpendicularity 
of end surfaces shall be controlled on a registered regular time basis with tolerances satisfying at 
least the requireluents of the specific rock tests. 

(3)P The following shall be specified: 
the conditions for rock smnples (short ternl and/or long tenn 
the Inoisture condition of the test specinlens at the tinle of the test; 
the Inethod for preparing rock core specimens; 
the lllethod for detennining dilllension and shape tolerances. 

~ (4)P Any change in 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. @il 

(5) The cause and effect of any change in 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 speciInens. 

(7) Together with the data and results for the particular test, the following should recorded 
and reported: 

the source of test specimen, including depth/level and orientation in space; 
the dates of specimen preparation and testing; 
comments on the representativeness of the specimen(s) tested; 
all dilnension and shape .measurements, including conformity to requirements; 
the water content of the smnple/specimen (as received, during preparation, saturated); 
the conditions for drying (air- or oven-drying, pressurised or partial vacuum). 

(8) The following inforrnation on the samples should be given for the interpretation of the test 
results: 

a physical description of the specilnen including rock type (such as sandstone, liJnestone, 
granite, etc.), location and orientation of inherent rock structural features and any 
discontinuities, and inclusions or non-holllogeneities; 
a sketch of the test specinlen or a colour photograph for other than monotonous 
homogeneous rock types; 

- a Core Recovery and Rock Quality Designation, where possible; 
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data to substantiate the tolerance checks on deviations of the right cylindrical form of the test 
speciInen, from the flatness of the end bearing surfaces and perpendicularity of the end 
surfaces with respect to the axis of the core. 

5.5 Tests for classification, identification and description of soil 

5.5.1 Genera) 

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

NOTE Annex M provides more details on individual classification tests anc1their interpretation, and a guidelinc 
for the minimum number of samples and tests in one stratum. 

5.5.2 Requirenlents for an classification tests 

(1) For all classification tests, special caution should be exercised when choosing the temperature 
for oven-drying, as too high a tenlperature can have detrinlental effects on the value measured. 

5.5.3 Water content determination 

5.5.3.1 Objective and requirements 

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

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

(3) If a sample contains more than one soil type, water contents should be deternlined on the 
specilnens representing the different soil types. 

NOTE Further information on a procedure, presentation and evaluation for the determination of waleI' content 
can be found in CEN lSO/TS 17892-1, (see X.4.) .2). 

5.5.3.2 Evaluation of test results 

(l)P When evaluating the results, the presence of significant an10unts of gypSUITI, highly organic 
soil, materials in which the pore water contains dissolved solids and soil with closed pores filled 
with water, shall be accounted for, if relevant. 

(2) The extent to which the water content ll1easured in the laboratory on the soil "as received!! is 
representative of the Hin situ" value should be checked. The effects of the sampling Inethod, 
transport and handling, speciinen preparation method and laboratory environment, should be 
taken into account in this aSSeSS111ent. 

(3) For the soil refened to in (l)P, a drying telnperature of approxilnately 50°C nlay be nlore 
appropriate than the usually prescribed (l05 ± 5) °C, but the results obtained should be 
considered with caution. 
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5.5.4 Bulk density deternlination 

5.5.4. t Objective and requirenlents 

(1) The test is used to detennine the bulk (total) lTIaSS density of a soil, including any liquid or 
gas contained. 

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

(3)P The test method to be used shaH be specified. 

NOTE Further information on a procedure, presentation and evaluation of bulk density determination can be 
found in CEN ISO/TS 17892-2, (see XA.1.3). 

5.5.4.2 Evaluation and use of test results 

(1) The evaluation of the test results shou Id consider the possible smTIpJe disturbance. 

(2) Except in the case of special sanlpling methods, the laboratory determination of the density of 
a coarse soil 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 laboratory tests. 

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

5.5.5 Particle density determination 

5.5.5. t Objective and requirements 

(l) The ain1 of the test is to determine by a conventionallnethod the density of solid soil 
particles. 

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

NOTE Further information on a procedure, presentation and evaluation of determination of particle density can 
he found in CEN lS0/TS 17892-3, (see XA.] A). 

5.5.5.2 Evaluation of test results 

(l)P If for a particular stratum, the lneasured values of the particle density are not within the 
normally expected range of (2 500 to 2 800) kghn::\ the mineralogy of the soil, its organic matter 
and its geological origin shall be checked. 

5.5.6 Particle size analysis 

5.5.6.1 Objective and requirements 

(1) The objective of the test is to detennine the 11lass percentage of individual particle size ranges 
found in the soiL 
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NOTE Further information on a procedure, presentation and evaluation of particle size analysis can be found in 
CEN ISO/TS 17892-4, XA.I.S). 

(2)P Two methods shall be used for pm1icle size analysis, according to the of the particles: 
the sieve Inethod for particles> 63 Ilnl (or closest sieve available); 
the sedil11entation method using a hydrometer, or pipette, for particles 63 ~1111 (or closest 
sieve available). 

(3) Equivalent I11ethods may be used, provided that they are calibrated against the two methods 
mentioned in (2)P. 

(4)P Prior to sedinlentation, the speciI11ens of fine soil shall not be dried. 

(5) Procedures for the rel110val of organics, salts and carbonates prior to sieving and 
sedimentation or for corrections to account for the presence of carbonates, salts and organic 
111aterial should be used, if appropriate. 

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

(6) It should be taken into account that for some soils, for exm11ple chalky soit treatment for 
carbonate rel110val is unsuitable. 

5.5.6.2 Evaluation and use of test results 

(l)P The report shall mention the following: 
the drying method used; 

- whether organics, salts and 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 total111ass (including carbonate 
and organic 111atter). 

(2) The particle size such that 11 of the particles by weight are slnaller than that size can be 
denoted Dn. The particle sizes DIO, D30 and D6o, can be used to deternline the coefficient of 
uniformity and coefficient of curvature. 

(3) The particle sizes DIS and D85 can be used in filter criteria for soil. 

5.5.7 Consistency limits determination 

5.5.7.1 Objective and requirements 

(1) The consistency li111its (Atterberg li111its) cOl11prise the liquid li111it, plastic lil11it and shrinkage 
lilnit. Only the detennination of the liquid lilnit and the plastic limit are covered. 

(2) The consistency limits are used to characterise the behaviour of clays and silty soil when the 
water content is changing. Classification of clays and silty soil is mainly based on the 
consistency lilnits. 

(3)P The testing method to be used for detennining the liquid lin1it (fall cone or Casagrande 
apparatus) shall be specified. 
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(4) In general for the liquid liInit, the fall cone method should be preferred to the Casagrande 
Inethod. The fall cone Inethod more reliable results particularly for low plasticity soil. 

(5) The specinlens 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 150/TS 17892-12, (see XA.I 

5.5.7.2 Evaluation and use of results 

(1) Different geotechnical properties, for exmnple compressibility or optilnum water content, can 
be derived from correlations with the liquid or plastic lilnits. 

(2) The value of the plasticity index Ip can be COlllputed froln liquid and plastic lin1its. Ip can be 
used in soU classification and in correlations with some geotechnical soil properties, for example 
with soil strength. 

(3) The value of the consistency index Ie (or the liquidity index IIJ can be computed froln liquid 
and plasticity limits and fron1 the current water content of the soil. It can be used to represent soil 
consistency and in correlations with SOlne geotechnical properties. 

(4) The activity index fA can be computed from Ir and the percentage of clay particles. (fA) can 
be used in soil classification and in correlations with different geotechnical soil properties, for 
exanlple with soil strength. 

5.5.8 Determination of the density index of granular soil 

5.5.8.1 Objective and requirements 

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

(2)P The following shall be specified or checked: 
the quantity and quality of salnples; 
the type of testing procedure to be applied; 
the method of preparation of each test speciInen. 

(3) The tested soil should contain less than 10 % of fines (particles passing through the 
0,063 .1Uln sieve) and less than 10 % of gravel (particles retained on the 2 mIn 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) shall be reported. 

NOTE Furtherinforlllation on a procedure, presentation and evaluation the determination of the density index 
can he found in XA.J .7. 
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5.5.S.2 Evaluation and use of test results 

(1) When evaluating density indexes, it should be taken into account that the ll1axil11ul11 and 
Ininil11um densities obtained in the laboratory do not necessarily represent lilniting densities. It is 
also 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 cOlnpressibility of 
coarse soi I. 

5.5.9 Soil dispersibility determination 

5.5.9.1 Objective 

(l) The objective of the test is to identify the dispersive characteristics of clayey soil. Standard 
tests for classifying soil for engineering purposes do not identify the dispersive characteristics of 
a soiL Tests for dispersibility are carried out on clayey soil, priInarily in connection with earth 
elnbankments, mineral sealings and other geotechnical structures in contact with water. 

(2) Four test types are considered, (see M.7): 
- the pinhole test, which Inodels the action of water flowing along a crack; 

the double hydrOIneter test, which COlnpares the dispersion of clay particles in plain water 
without mechanical stirring with that obtained using a dispersant solution and mechanical 
stirring; 

- the crulnb test, which shows the behaviour of crumbs of soil placed in a dilute solution of 
sodium hydroxide; 

- the detennination of soluble salts in the pore water, which allows the correlation of the 
percentage of sodiunl to the total dissolved salts in a saturation extract. 

5.5.9.2 Requirements 

(l)P The following shall be specified: 
the storage of samples such that the smnples are not allowed to dry before testing; 

- the testing procedures to be applied; 
the specilnen preparation nlethod. 

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

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

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

(5) the crUlnb test, the use of distilled water may be requested in addition to the sodiu111 
hydroxide solution. 
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5.5.10 Frost susceptibility 

5.5.10.1 Objective 

(l) 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, dains 
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) The risk of frost heaving lnay be estiinated froin correlation with soil classification properties 
(particle size distribution, height of capillary rise and/or fines content) or froin laboratory tests on 
natural, re-compacted and re-consolidated, or reconstituted samples. 

NOTE An example can be found in :M.8 and X.S. 

5.5.10.2 Requirenlents 

(1) If the estilnation of frost susceptibility based on classification properties of the soil does not 
clearly indicate the absence of risk of frost heaving, frost heaving tests in the laboratory should 
be run. EXa111ples of soil types indicating the need of laboratory tests in addition to correlations 
to classification properties include organic soil, peat, saline soil, artificial soil and coarse soil 
with a wide range of grain 

(2) To determine the frost susceptibility of a soil in its natural state, natural salnples should be 
tested. To estinlate the frost susceptibility of a constructed fill, frost heave tests should be run on 
re-c01npacted and then re-consolidated specilnens or on reconstituted specilnens. 

(3) The frost susceptibility test in the laboratory is a frost heave test. If the risk of thaw 
weakening is to be tested, a California Bearing Ratio test should be carried out after tbawing of 
the specimen. The re-co111pacted or reconstituted specilnen should be subjected to one or 1110re 
freeze-thaw cycles before testing. 

5.5.10.3 Evaluation of test results 

(l) The resu lts should be interpreted as a function of the type of construction work, the rules used 
in design and the available conlparable experience, considering the consequence of the frost 
effects. 

5.6 Chemical testing of soil and groundwater 

5.6.1 Requirements for all chemical tests 

5.6.1.1 Scope 

(1) Although the detailed chelnical cOlnposition of soil is often of limited interest for civil 
engineering purposes, the presence of certain chelnical constituents in soil can be very 
significant, for example for the durability of the geotechnical structure. 
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(2) Routine chelnical testing in a sOl] laboratory is usually limited to organic content (1oss on 
ignition, total organic content, organic Blatter), carbonate content, sulfate content, pH value 
(acidity or alkalinity) and chloride content. This standard deals with these five chen1ical tests 
only. 

NOTE I 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. 

NOTE 3 Corrosiveness to steel constructions in soil is usually evaluated by means of electrical resistivity tests and 
determination of the redox potential (not covered in this standard), pH, chlorides and suI fate determinations. 

5.6.1.2.0bjective 

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

5.6.1.3 Requirements 

(l)P The following requirelnents shall be specified for all chen1ical tests: 
the smnples to be tested~ 
the number of smnples to be tested; 
the test procedures to be applied; 
the pre-treatlnents including treatment of oversize particles (j.e. D> 2 lnm); 
the nUInber of tests per stratum and nUlnber of duplicate tests; 
the nUlnber of separate tests for the determination of a Inean value; 
the format of reporting; 
the required supplelnentary classification tests for each test or series of tests. 

(2)P The proper procedures of lnixing, riffling and quartering shall be strictly followed 1n order 
to avoid inconsistent results. 

(3) Disturbed soil smnples Inay be used for the chenlical tests, but particle size and water content 
need to be representative of the field conditions (Quality Classes 1 to 3). 

(4) For the detennination 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 

(l)P The test results shall be reviewed together with the geological description and the prevailing 
environn1ent. 

(2)P Where appropriate, account shall be taken of recognised classifications in tenns of the 
paranleter measured. 
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5.6.2 Organic content determination 

5.6.2.1 Objective 

(l) 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 detennined ii'oln the loss on ignition at a 
controlled tenlperature. Other suitable tests can also be used. For example, organic content can 
be deternlined frOIn the Inass loss on treatment with hydrogen peroxide (H10 2), which provides a 
lTIOre specific lneasure of organics. 

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

5.6.2.2.Requirements 

(I)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-hoiTIogeneous samples require larger specimens and the appropriate apparatus. 
Conespondingly larger crucibles shall be used. 

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

(4)P The organic content shall be reported as a percentage of original dry matter, also giving the 
11lethod of detennina60n. 

5.6.2.3 Evaluation of test results 

(1) In clays and silty soil with moderate organic content, the errors involved in the correction for 
bound water or carbonates can be so large that special testing lTIethods are necessary. 
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5.6.3 Carbonate content determination 

5.6.3.1 Objective 

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

(2) Measurelnent of the carbonate content depends on the reaction with hydrochloric acid (HC)) 
which liberates carbon dioxide. It is usually assulned that the only carbonate present is calcium 
carbonate (CaC03). The carbonate content is calculated fron1 the content of carbon dioxide 
measured on treatnlent of the soil with HCl. 

5.6.3.2 Requirements 

(1)P The soil shall be aSS(~SSt~O visually before the selection of the appropriate pre-treatment. 

(2) When appropriate, large initial samples can be used to cope with nOn-h01110geneous 
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 original dry lnatter. 

5.6.3.3 Evaluation of tests results 

(l)P Some carbonates, 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. 

5.6.4 Sulfate content determination 

5.6.4.1 Objective 

(1) The objective of the test is to detennine the sulfate content as an index for the possible 
detrimental effect of the soil on steel and concrete. All naturally occurring sulfates, wlth rare 
exceptions, are soluble in hydrochloric acid. Son1e are soluble in water. 

(2) The acid-soluble sulfate content is referred to as the total sulfate content, as distinct fron1 the 
water-soluble sulfate content. It is ilnportant to appreciate which value is relevant. 

(3) Groundwater containing dissolved sulfates, especially sodium and magnesiUln sulfates, can 
attack concrete and other materials placed in the ground or on the ground surface. Classification 
of soil and groundwater in tenns of sulfate content is therefore necessary so that suitable 
precautionary lneasures can be taken, if required. 

5.6.4.2 Requirements 

(l)P It sha]] 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 sanlples, which 
shall be crushed, Inixed and riffled to provide representative test specilnens. A visual asseSSlnent 
is needed before selecting the appropriate specinlen preparation lllethod. 
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5.6.4.3 Evaluation of test results 

(l)P The content in S032- or 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 value determination (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 alkalinity. 

5.6.5.2 Requirements 

(1)P The following shall be specified for each test or group of tests, in addition to the general 
requirements for chel11ical testing: 

whether or not the soil shall be dried; 
the ratio of soil to water. 

(2)P Standard buffer solutions shall be used for calibration of the pH l11eter. 

(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 

(l) The evaluation should consider that, in some soil, the l11easured values can be influenced by 
oxidation. 

5.6.6 Chloride content detennination 

5.6.6.1 Objective 

(1) The objecti ve of the test is the detennination 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 an index 
for the possible effect of the groundwater towards concrete, steel, other ll1aterials and soil. 

5.6.6.2 Requirements 

(l)P The following 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 shall be detennined; 
whether or not the soil shall be dried. 

(2)P After drying, the soil shall be mixed thoroughly to redistribute any salts which 111ay have 
migrated to form a surface crust. 
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5.6.6.3 Evaluation of test results 

(1)P The chloride content in gnuns per litre or as a percentage by dry 11lass of the soil sha11 be 
reported. The test procedures used shall state whether water-soluble or acid-soluble chlorides 
have been detenni ned. 

5.7 Strength index testing of soil 

5.7.1 Objective 

(1) The purpose of strength index tests is to determine in a rapid and silnple nlanner the 
undrained shear strength Cu of clayey soil. 

(2) This standard covers the following strength index tests: 
- laboratory vane test; 
- fall cone test. 

5.7.2 Requirements 

(1)P The tests shall be performed on undisturbed specilnens of quality class 1. 

NOTE J Further information on a procedure, presentation and evaluation for strength index testing can be found 
in CEN ISOITS 17892-6, X.4.3). 

NOTE 2 Annex 0 
for the tests. 

information on the strength index tests considered and a checklist on the test procedures 

5.7 .. 3 Use of test results 

(I) It should be considered that the values of ClI 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 estinlate of Cu. 

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

(4) If well-doculnented, comparable evidence exists, the undrained shear strength derived from 
the strength index tests may be used if the salnple analyticallnethod 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 is to establish the drained and/or undrained shear strength 
parameters. 

(2) The following strength tests are covered: 
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unconfined compression test; 
unconsolidated undrained triaxial cOInpression test; 
consolidated triaxial conlpression test; 
translational shear box test and torsional shear box (ring shear) test. 

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

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

(4) In this section, only strength tests on fully saturated or dry soil are dealt with. 

5.8.2 General requirements 

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

(2) For coarse silts and sands, the test specilnens lnay be re-colTIpacted 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-coJllpacted or reconstituted specimens, the composition, density and water content of 
the prepared SpeCilTIenS relevant for the in-situ conditions and the specilnen preparation 111ethod 
shall be specified. 

(4)P For a strength test, the following shall be evaluated or specified: 
the number of tests required; 
the selection of location of test specinlens in the recovered samples; 
the required quality of sample; 
the specimen preparation method; 
the orientation of specil11en; 
the type of test; 
the classification tests that need to be done; 
the consolidation stresses (if applicable); 
the tilTIe for consolidation increments (if applicable); 
the shearing rate; 
the failure criteria; 
the criteria for tern1inating tests (e.g., strain at which the test shall be stopped); 
the acceptability criteria (e.g. saturation, scatter); 
the accuracy of nleasurelnents; 
the format for presentation of test results; 
any procedure used in addition to those referenced in an accepted standard. 

(5) The shear strength of a sarnple should be detern1ined by a set of three or lTIOre tests under 
different nonnal stresses. 

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

(7) If samples of 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 

(1)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 paraIneters. 

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

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

(3) There are severallnethods to obtain the stress-strain and strength parameters of soil in the 
laboratory and in-situ. If appropriate, the results froin these different tests should be cOll1pared 
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 cOlnmonly 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 cOinpression 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 cOlllpression test should be carried out on specimens of soil of sufficiently 
low penneability to n1aintain undrained conditions during the test. 

(2) Delays between trimming and testing should be avoided to prevent change of water content 
of specimens. 

NOTE Further information on a procedure, presentation and evaluation for the unconfined compression test can 
be found in CEN ISO/TS 17892-7, XAA.l). 
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5.8.4.2 Evaluation and use of test results 

(1) The test result is the approxilnate value of the unconfined cOlnpressive strength of the tested 
soil. 

(2) The undrained shear strength ell may be determined as one half of the measured unconfined 
compressi ve strength. 

(3) The effective stresses within the laboratory specimen lnay deviate fronl the effective stresses 
in-situ. The test result need not represent the undrained strength of the soil in-situ due to this 
difference. 

5.8.5 Unconsolidated, undrained triaxial compression test 

5.8.5.1 Requirements 

(l)P The test shall be carried out without allowing any drainage from the specinlens. 

(2)P During preparation and testing, soil specilnens shall not be given access to water (e.g. froln 
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 detennined 
for each specilnen. 

NOTE Further information on a procedure, presentation and evaluation for the unconsolidated undrained triaxial 
compression test can be found in CEN IS0/TS 17892-8, X.4.4.2). 

5.8.5.2 Evaluation and use of test results 

(l) The test result is the undrained shear strength ell of the tested soiL 

(2) The effective stresses within the laboratory specinlen may deviate fronl the effective stresses 
in-situ. The test result need not represent the undrained strength of the soil in-situ due to this 
difference. 

5.8.6 Consolidated triaxial compression test 

5.8.6.1 Requirements 

(l)P The tests shall be perfonned on undisturbed speciInens of quality class L 

NOTE Furlherinformation on a procedure, presentation and evaluation of the consolidated triaxial compression 
test can be found in CEN JSO/TS 17892-9, X.4.4.3). 

(2)P For a consolidated triaxial cOlnpression test, the following shall be evaluated or specified 
further to 5.8.2: 
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(3)P For consolidated, undrained triaxial tests, the requirements on measuring pore pressures, 
and the total stress path for shearing, shaH be specified. 

(4)P For consolidated drained tests, the volume change 111easurement 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 deternli ned 
for each specilnen. 

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

(7)P The results shall clearly state the type of test that was canied out, which strength parml1eters 
are given, the shearing rate and the failure criterion used to select the shear strength (e.g. peak 
deviator stress, maxin1Uln stress ratio). 

(8)P The report shan indicate any known deviation fro In the standm-d testing procedure, for 
example in the degree of saturation of the test specimens, testing procedures, cOlnposition of the 
specimen or in any other aspect. 

(9) In confonnity to 2.4.2.3 (4), 1110re advanced laboratory strength tests, such as triaxial 
extension tests, sil11pJe shem' tests, plane strain cOlnpression and extension tests, true triaxial 
tests, directional shear tests, all with the possibility of anisotropic instead of isotropic 
consolidation, should be considered. 

5.8.6.2 Evaluation and use of 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 paran1eters. 

NOTE Reliable stress-strain modulus values, especially in the case of stiff soil, can only be obtained from 
advanced tests wilh special procedures to measure strains and axial force accurately (see 5.9). 

(2) Depending on the type of test, drained or undrained strength of the soil l11ay be derived. 
Accordingly, the values are effective angle of shearing resistance (!p') and effective cohesion (c'), 
or undrained shear strength (eu). 

(3) The values can be used in both drained and undrained stability analyses 

NOTE See EN 1997-1 :2004, Annex D. 

5.8.7 Consolidated direct shear box tests 

5.8.7.1 Requirenlents 

(1)P The tests shall be performed on undisturbed specinlens of Quality Class 1. 

NOTE Further information on a procedure, presentation and evaluation of the consolidated direct shear box test 
can be found in CEN ISO/TS 17892-10, (see XAAA). 
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(2)P The location and orientation of the specimen shall be considered carefully so as to duplicate 
as closely as possible the in-situ conditions. In the translational shear box and ring shear tests, 
failure is forced to occur on or near a horizontal plane in the middle of the test specilnen. 

(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 lnay dissipate. 

5.8.7.2 Establishment and use of values 

(1) The results of standard shear box tests represent the strength under drained conditions. The 
values are effective angle of shearing resistance and effective cohesion NOTE in 5.8.1 (3)). 

(2) The values can be used in stability analyses. 

NOTE See EN 1997-] :2004, Annex D. 

5.9 Compressibility and deformation testing of soil 

5.9.1 General 

(1) This standard covers the reguirelnents for measurement of deformation characteristics of soil 
in the triaxial apparatus and the oedOlneter. 

5.9.2 Oedometer conlpressibility testing 

5.9.2.1 Objective 

(1) In the oedo1l1eter, the cylindrical specirnen is confined laterally, and is subjected to discrete 
increlnents of vertical axial loading or unloading and allowed to drain axially. Oedolneter 
cOlnpression and swelling tests and evaluation of the collapse potential of a soil are covered. 

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

(3) The objective of the oedometer incremental cOlnpression and swelling tests is to determine 
the compression, consoUdation and swelling characteristics of soil. 

(4) The objective of the collapse potential test is to establish cOlnpressibility paranleters for the 
soil in its unsaturated state, and to evaluate the additional compression upon inundation due to 
structural collapse of the soil. 

5.9.2.2 Requirements 

(l)P For the detennination of the compressibility of a stratmll of clay, silt or organic soil, 
undisturbed san1p]es (Quality Class 1) shall be used. 

NOTE Small strain moduli of soil (e.g. moduli at less than 1 (/c strain for soft to medium clays) are very 
sensitive to all perturbations during sampling. According to 3.4.3 (3)P, specific 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. 
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(2)P For re-compacted specilnens, the composition, density and water content of the prepared 
specilnens relevant to the in-situ conditions and the specinlen preparation Inethod shall be 
specified. 

(3)P When deternlining the conlpressibility characteristics of a soil stratum, the following itelns 
shall be taken into account: 

existing results of fie1d investigations; 
existing settlement Ineasurenlents fron1 neighbouring 
the nunlber and quality of smnples; 
the number and type of field tests; 
special consideration needed for sensitive and celnented smnples; 
the specimen preparation; 
the orientation of the specil11en; 
the need for additional classification tests. 

(4) Carrying out alternati ve tests to the increlnental oedometer test, for exanlple constant rate of 
strain oedonleter tests, l11ay be considered. 

(5)P The initial vertical stress shall not exceed the in-situ vertical effective stress. 

NOTE For for strain-softening clays, an initial stress of one fourth of the in-situ vertical effective stress 
can be considered an appropriate value. 

(6) In a compression test, the highest vertical stress applied should be well in excess of the 
maximuln 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 stresses 
likely to be applied in-situ. 

(7)P When testing the collapse potential, the test specilnens shall be selected with adequate 
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 be related to the range of vertical 
stresses likely to occur in-situ. 

NOTE 1 Further information on a procedure, presentation and evaluation of Oedometer compressibility 
can be found in eEN 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 use of test results 

(1) The oedometer test results 111ay 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 
oedonleter test can be greatly affected by smnpling disturbance. 

IEJ) (3) The most COlTIlTIOn values to characterise cOlnpressibility are the oedolneter rnodulus (Eoed ), 

the coefficient of compressibility (111v), the conlpression index (Cc) and the pre-consolidation 
pressure (dp). Unloading and recornpression can be represented by the swelling index (C~). All 
these quantities are derived directly froln the appropriate parts of the test curves. @il 
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(4) Settlelnents due to creep can be cOlnputed using the coefficient of secondary conlpression 
(en). 

(5) The coefficient of consolidation Cv can be derived using the one-dimensional consohdation 
theory. 

(6) Any paralneter in 5.9.2.3 (3) can be used for sinlple analyses of the settlement of spread 
foundations. 

(7) If sample methods are applied, the oedOIneter modulus I11ay be used. 

NOTE Examples of such sample methods are given in EN J 997-1 :2004, F.l and F.2 

5.9.3 Triaxial deformability testing 

5.9.3.1 Objective 

(1) The objective of the triaxial deformability testing of soil is to determine the deformation 
moduli (stiffness parameters). 

(2) Depending on the loading path, various stiffnesses can be Ineasured. 

(3) According to the drainage conditions, drained or undrained moduli or Eu can be 
deternli ned. 

(4) Due to the non-linearity of soil behaviour, various moduli, e.g. tangent and/or secant llloduli, 
lnay be defined at different stress or strain levels. 

5.9.3.2 Requirements 

(l)P For the determination of the stiffness of a stratum of a soil, undisturbed smnples (Quality 
Class I) shall be used. 

NOTE Small strain moduli of soil (e.g. moduli at less than 1 % strain) are very sensitive to all perturbations 
during sampling. According to 3.4.3 (3)P, 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 special instrUI11entation capable of I11easuring stresses and strains with high resolution 
shall be used for stiffness deternlination at strain levels below 0,1 

NOTE For determination of very smail 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 
consi dered: 

the quality of sanlples; 
the sensitivity, saturation, state of consolidation and celnentation of soil; 
the specitnen preparation; 
the orientation of the specilnen. 

5.9.3.3 Evaluation and use of test results 
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(1) The stiffness Inay be characterised by a complete curve, or by conventional values. For 
example, by the initial Young's modulus of elasticity (Eo), or by the E50 corresponding to SO ok 
of the maxilnum shear stress, etc. 

(2) Young's modulus and stress-strain curves of soft, nonnally consolidated soil may in SOlne 
cases be determined fr01n the standard triaxial strength tests. 

5.10 Compaction testing of soil 

5.10.1 Scope 

(J) This standard covers cornpaction tests (Proctor tests) and the California Bearing Ratio test. 

NOTE Annex R provides a guideline for the minimum number of samples to be tested for one stratulll, as well 
as additional information on the test and its evaluation. 

5.10.2 Compaction tests 

5.10.2.1 Objective 

(1) Soil cOlnpaction tests (Proctor tests) are used to detennine the relationship between dry 
density and water content when a given compaction effort is applied. 

5.10.2.2 Requirements 

(1)P The following shall be specified or checked: 
the handling of soil with oversize fractions; 

- the treatnlent of stiff finesoil; 
- the specilnen preparation and Inaturing; 
- the testing procedures and cOlnpaction effort to be applied; 
- whether the equipment (lnoulds and ratnnlers) used is as specified in the standard(s). 

(2) The option of canying out in-situ tests instead of laboratory tests should be considered for 
special types of soil. 

5.10.2.3 Evaluation and use of test results 

(l)P The compaction characteristics of soil shall be reported together with grain size distribution 
curves and proportion of oversize Inaterial by dry mass with conection, if appropriate. 

(2) The optimunl water content (}lVopt) and the conesponding maximun1 dry density achieved 
under the applied cOlnpaction effort (Pd,max) can be used in evaluating the quality of compacted 
fills. 

5.10.3 California Bearing ratio (CBR) test 

5.10.3.1 Objective 

(1) The objective of the test is to detennjne the California Bearing Ratio (CBR) of a compacted 
or undisturbed sample. 
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(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 area is made to 
penetrate into the soil material. 

5.10.3.2 Requirements 

(1)P The following shall be specified or checked: 
the method of preparation of each test specilnen; 
how 111any tests are to be run in a set of test specimens; 
the handling of soil with oversize fractions (D > 16 lnln); 
the maturing of specilnens; 
whether or not a specimen is to be subjected to soaking; 
if soaking is used, whether swelling is to be ll1easured; 
the surcharge to be applied for soaking and for testing; 
the water content at which conlpacted specimens are to be prepared; 
the specimen dry density or cOInpactive 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 specinlen. 

5.10.3.3 Evaluation and use of test results 

(l)P 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 a basic parameter for the design of flexible pavements. It can 
be used to evaluate the potential strength of sub-grade, sub-base and base course lnaterials 
(includjng recycled materials) for supporting road, railways and airfield pavelnents. 

5.11 Permeability testing of soil 

5.11.1 Objective 

(1) The objective of the test is to establish the coefficient of permeability (hydraulic 
conductivity) for water flow through water-saturated soil. 

5.11.2 Requirenlents 

(l)P When detennining the coefficient of penneability of a soil stratulll, the following items sha11 
be considered: 
- the preferred test type for penneability detennination; 

the orientation of the specinlen; 
- the need for additional classification tests. 

NOTE Further information on a procedure, presentation and evaluation of the permeability test can be found in 
CEN lSO/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) In clay, silt and organic soil: 
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the stress conditions under which the specimen is to be tested; 
the criterion for achieving and 111aintaining the steady-state flow condition; 
the direction of fJow through the specilnen; 
the hydraulic gradient under which the specinlen is to be tested; 
the need for back-pressure and the required degree of saturation;, 
the chelnistry of percolating fluid. 

b) In sand and gravel: 
the density 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 problenl. 

(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 dOl1lain of application of Darcy's law. 

(5) The report should indicate any known deviation from the standard testing procedure, for 
exanlple in the degree of saturation of the test speciulens, testing procedures, composition of the 
specilnen or in any other aspect. 

(6) For permeability tests on clay, silt or organic soil, only soil specilnens of Quality Classes 1 or 
2 shou Id be used. 

(7) For sand and gravel materials, speci111ens of Quality Class 3 and relnoulded or re-cOlnpacted 
soil samples 111ay be used. 

(8) It should be checked that the volulne changes due to the consolidation of the specimen shaH 
only negligibly affect the measured penneability. 

NOTE Annex S 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. 

5.11.3 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 loss in filter 
and tubing) affect the test results; 
how well these conditions l11atch the situation in the field. 

(2) For partially saturated soil, much smaller values Inay be relevant than the values measured in 
the case of full saturation. 

(3) Due consideration should be given to whether a tenlperature conection should be applied. 

(4) The coefficient of pernleability can be computed froln the test data under the assmnption that 
Darcy's law is valid. 
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(5) The coefficient of perll1eability can be used in design of excavations and earth dams to 
estimate the mnount of seepage, to assess the feasibility of groundwater levellnanagelnent 
(lowering), to design the sheet pile walls, to estilnate seepage pressures, etc. 

5.12 Tests for classification of rocks 

5.12.1 General 

(1) The following 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 Inineralogical components, 
structure, induration, rock density, water content, porosity and rock strength. 

NOTE Annex U provides more details and guidelines on the classification tests. 

5.12.2 Requirenlents for all classification tests 

(l)P The classification test results shall be reviewed together, cOlnpared with drilling logs, 
corresponding geophysical logs, photographs of cores and cOlnparable experience. 

(2) The soil and rock classification should be cOlnpared with available geological background 
information in order to provide an engineering geologicallnodel. 

(3) Geological ll1aps should be used as a guide for the classification of rock and rock masses, 
whenever avai lable. 

(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 Objective and requirements 

(1) The identification and description of rock material and mass are carried out on the basis of 
mineralogical composition, predolninant grain size, genetic group, structure, weathering and 
other cOlllponents. The description l11ay be carried out on cores and other samples of natural rock 
and on rock masses in-situ. 

(2)P The laboratory procedure shall confonn to EN ISO 14689-1. 

(3) More detailed description of rock nlay be applied. Then the following should be specified: 
- the rock classification system; 
- the need for advanced geological analyses; 
- the format of reporting. 
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(4) Rock identification and descriptjon should be canied out on all saInples received in the 
laboratory, regardless of rock honl0geneity, as the identification and description constitutes the 
framework for all testing and evaluations. 

5.12.3.2 Evaluation of results 

(l) 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 fron1 the drilling process should be evaluated since 1110st rock 
Inass quality designations relate to the fractures found in the cores and their quality. 

5.12.4 Water content determination 

5.12.4.1 Objective and requirements 

(l)P With the exception of rocks Inentioned in 5.12.4.2 (2), water content of rock shall be 
determined by oven-drying at (lOS ± 5) DC. 

(2)P Measures shall be specified to retain water during salnpling and storage, if relevant. 

(3)P The following shall be specified: 
- the selection of test samples; 

the storage in the laboratory before testing; 
possible re-saturation of desiccated samples using vacumn saturation technique; 
the nU111ber of tests per strata; 
the nUlnber of tests to be run in parallel with other tests from the SaIne formation; 
the number of accuracy checks to be run. 

(4) A minilnuln sample of at least 50 g or a core piece with a dilnension of at least 10 times the 
rnaxinluln grain size of Inineral cOlnponents should be used. 

(5)P The report shall state whether the measured water content corresponds to the in-situ water 
content. 

NOTE As no ISO/CEN standard for rock testing is currently available, the laboratory mCLhods described in U.3, 
with reference to X.4.9.2 can be applied. 

5.12.4.2 Evaluation of test results 

(l) The results of the detennination of the water content should be cOlnpared 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 conelation of strength and defonnation characteristics 
of the rock types in boreholes and at test sites. 
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(5) COlnparisons with available correlations of water content and rock type should be ll1ade. 

5.12.5 Density and porosity determination 

5.12.5.1 Objective and requirements 

(I) The test is used to determine the bulk and dry density to obtain the porosity and related 
properties of a rock sample. The bulk and dry density is derived based on weight analyses 
provided reliable deternlination of the saInple vollllne is available. 

(2) The pore volunle nlay 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 volume to total volun1e. 

(3)P The following shall be specified: 
the selection of test san1ples; 
the conditions of storage before testing; 
whether desiccated samples are to be re-saturated and by which technique; 
the nUl11ber of tests required per forn1ation; 
whether parallel tests are to be run on the SaIne formation. 

(4) A test specilnen of at least 50 g, with a minilnUln dilnension of 10 times the Inaximum grain 
of the mi nera] components, shou ld be tested. 

NOTE As no ISO/CEN standard for testing of rock is currently available, the laboratory methods described in 
OA with reference to the bibliography in XA.9.3 can be applied. 

5.12.5.2 Evaluation of test results 

~ (1) The density and porosity should be integrated in the reporting of rock description and 
established strength and defonnation characteristics of the rock types in 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 total pore 
VOlUl11e should be based on the density of solids of a powdered sample. 

NOTE Further in formation on a procedure, presentation and evaluation of density and porosity determination 
can be found in CEN ISO/TS 17892-3, XA.9.3). 

5.13 Swelling testing of rock material 

5.13.1 General 

(l)This standard deals with the following tests for determination of swelling potential exposed to 
wetting and drying or unloading in an aqueous environnlent: 

the swelling pressure index under conditions of zero volume change; 
the swelling strain index for radially-confined speciInens with axial surcharge; 
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the swelling strain developed in unconfined rock speciInens. 

NOTE Some rock materials, notably those with high clay content, are prone to swelling, weakening and 
disintegration when exposed to wetting and drying or unloading in an aqueous environment. The index tests provide 
an indication to estimate swelling properties under well-controlled conditions. The tests are usually done on sorter 
rock materials like claystone and shale. The tests can he lIsed for the characterization of harder rocks subjected lO 

weathering. 

(2) Rocks that disintegrate during the tests should be further classified using relevant soil 
classiflcation tests such as the shrinkage, liquid and plastic lilnits, particle size distribution and 
the type and content of clay Ininerals. 

NOTE Annex V provides more details on each of the swelling tests and their interpretation as well as some 
guidelines. 

5.13.2 General requirenlents 

(1) The specin1ens should conform closely to the practice recoll1n1ended for right cylinders or for 
rectangular prisms. The salnple size should allow for preparation of test specimens by re-coring 
and/or lnachining in a lathe, with the axis for one direction of the swelllneasurelnent 
perpendicular to a bedding or foliation. 

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; 
the test specimen preparation, orientation and dimensions; 
the nlllnbers of test per fonnation required; 
the test Inethod, equipment and calibrations; 
the water to be used (natural or distilled water, water chemistry); 
the recording period; 
the need for curves of swell pressure or displacelnent as a function of time elapsed si nce 
flooding; 
the selection of required additional paratneters; 
the reporting requiren1ents. 

5.13.3 Evaluation of test results 

(l)P The results shall be reviewed in the light of the description, and classification parameters 
shall be established. 

(2) The value used in design derived frollllaboratory tests should be c0111pared with field 
experience with cOll1parable rock types under similar clilnatic, loading and wetting conditions. 

(3) The short and especially long tenn weathering processes of swelling, weakening or 
disintegration due to wetting and drying 111ay only be partly mirrored by the laboratory tests, 
even for similar conditions of loading and water content, because of the influence of atnong 
others natural fissuring, stress, drainage and pore water chemistry. 

5.13.4 Swelling pressure index under zero volume change 

5.13.4.1 Objective and requirements 
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(1) The testis intended to measure the pressure necessary to constrain an undisturbed rock 
specimen at constant volul11e when ilnlnersed in water. 

(2) The test may be used to estimate the swell pressure in-situ by cOlllparison of documented 
experience for the rock stratum. 

(3)P The test specimen shaLl be cored using Category A smllpling n1ethods. 

NOTE The test can he carried out following the recommendation given in V.2. 

5.13.4.2 Evaluation of test results 

(1)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 maximUln 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 maxilllum swell pressure is used in design, field evidence 
should be taken into consideration related to short and especially long tenn weathering processes 
of swelling, weakening or disintegration due to wetting and drying, loading conditions, water 
content and pore water chelnistry. 

5.13.5 Swelling strain index for radially-confined specimens with axial surcharge 

5.13.5.1 Objective and requirements 

(1) The test is intended to measure the axial swelling strain developed against a constant axial 
surcharge, when a radially confined, undisturbed rock specilnen is imnlersed in water. 

(2)P The test specilnen shall be cored using Category A sampling methods. 

NOTE The test can he carried out following the recommendation given in V.3. 

5.13.5.2 Evaluation of test results 

(1)P The lneasured strain under the applied force during the test stages shall be corrected for the 
deformation in the test cell systelll 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 stratUlll. 

(3) Depending on the applied vertical stress, the test provides background for the evaluation of 
the vertical heave or the lateral defonnation of a rock/structure interface. 

88 



BS EN 1997-2:2007 
EN 1997-2:2007 (E) 

5.13.6 Swelling strain developed in unconfined rock specimen 

5.13.6.1 Objective and requirements 

(1) The test is intended to Ineasure the swelling strain developed when an unconfined 
undisturbed rock specinlen is inl1nersed in water. 

(2)P The test shall only be applied to specinlens prepared frol11 at least category B sarnpling 
111ethods that do not change their geometry appreciably during testing. 

(3) It is advised that slaking, less durable, rocks should be tested using a confined swelling test. 

NOTE The test may be carried out following the recommendation given in VA. 

(4)P The report shall cJearly indicate that the specimen was not radially confined during the 
swelling test. 

5.13.6.2 Evaluation of test results 

(1) The test 111ay be used to estilnate the swell potential in-situ by comparison to docu111ented 
experience for the rock stratmu. 

(2) Unconfined swelling strains and their directions with respect to bedding or foliation should 
be used only as an estilnate of in-situ swelling potential. 

5.14 Strength testing of rock nlaterial 

5.14.1 General 

(1) This standard includes five laboratory methods for detennining the strength of rock: 
the uniaxial conlpression and deformability test; 
the point load test; 
the direct shear test 
the Brazil test; 
the triaxial cOlnpression test. 

NOTE Annex W provides more detail on each strength test and its interpretation. 

5.14.2 Requirenlents for all strength tests 

(l)P The following shall be specified: 
- the samples that are to be tested; 

the specimen preparation; 
the nUlnber of tests per fonnation; 
any required additional parameters; 
the testing 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. 
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5.14.3 Evaluation of test results 

(l) 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 in conlpressive 
strength and deformation paranleters in rock, and cOITelations with the results of classification 
tests. 

(2) All test results should be grouped and analysed with respect to the geological description and 
classification properties using statisticallnethods when appropriate. 

(3) The values can be used to evaluate in-situ strength and defonnation properties and to classify 
rock elelnent and rock mass properties. 

5.14.4 Uniaxial compression and deformability test 

5.14.4.1 Objective and requirements 

(l) The uniaxial compression test measures the compressive strength, the Young's modulus of 
elasticity and Poisson's ratio of cylindrical test speciJnens of rock. 

(2) The test is intended for classification and characterisation of intact rock. 

(3)P The following shall be specified in addition to the requirernents in 5.14.2: 
the specinlen orientation and dirnensions; 
the testing method; 
if relevant, the definition of rnodulus (tangent, average or secant) and Poisson's ratio as a 
function of stress or strain. 

(4)P The test specimens shall be prepared fr0111 cores taken with Category A sampling. 

(5) Recommendations for testing of the uniaxial compression strength and deformability should 
be followed. 

NOTE Recommendations for sllch tests are given in Annex W. 

5.14.4.2 Evaluation of test results 

(1) The uniaxial compression strength should be detennined as the InaxirnUln vertical stress 
obtained during the cOlTIpression test. 

(2) The Inodulus of elasticity defined as the ratio of the axial stress change to axial strain 
produced by the stress change should be detennined using one of the three definitions below: 
- the tangent Young's lTIodulus of elasticity Ineasured at a fixed percentage of ultimate strength 

(i.e. 50 0/0); 
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(3) The Poisson's ratio 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 SaIne 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 speciInen. 

(6) The unconfined cOInpression strength (ere) can be used as a classification parameter for the 
intact rock quality and it could be used in conlbination with triaxial compression test results in a 
Mohr diagranl to define the Mohr-Coulomb rupture paranleters angle of shearing resistance (rp) 
and cohesion (c). 

NOTE Young's modulus of elasticity E and Poisson's ratio 1/ may be used for settlement calculation according 
loEN 1997-1:2004,AnncxF. 

5.14.5 Point load test 

5.14.5.1 Objective and requirements 

(1) The point load test is intended as a strength index test for the classification of rock nlaterials. 
The test results can also be used for estill1ating the strength of a group of rocks of the same range 
of cOlnpetence. 

(2) The point load test is not a direct way to Ineasure rock strength but an index test. The 
correlation between point load test results and strength should be doculnented in each case. 

(3)P In addition to the requirelnents in 5.14.2 (l)P, the testing 111ethods with reference to cores, 
blocks and irregular lUlnps shall be specified. 

(4)P The test speciolens shall be prepared from cores taken with Category A sampling. 

(5) Test specirnens of blocks and irregular IUll1pS taken in pits may be used provided this is 
reported accordingly and the rock speciInens are taken using Category B satnpling. 

(6) ReC0111mendations for the point load test should be followed. 

NOTE Recommendations for such a test are given in W.2. 

5.14.5.2 Evaluation of test results 

(l)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 single tests, the two highest and two lowest values shall be deleted before calculating the 
mean frOIn the relnaining. 

(2) In order to classify salnp]es or strata using a mean value of Point Load Strength Index, the 
minimuln number of tests should be five. 
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(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 Strengths in directions which give the 
greatest and least values. 

5.14.6 Direct shear test 

5.14.6.1 Objective and requirenlents 

(1) The direct shear test measures peak and residual direct shear strength as a function of the 
stress nonnal 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 a discontinuity that controls the shear 
strength. 

(3) If the surface characteristics of a discontinuity that controls the shear strength are detennined, 
an accurate description should be Inade, including type and roughness of the joint, 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 requirements in 5.14.2 (1 )P: 
the test specin1en orientation and dilnensions; 
the specifications of the testing Inachine; 

- the rate of shear displacen1ent during test; 
- the selection of norn1a] stress to be maintained during the single shear tests. 

(S)P The test specimens shall be prepared frOin cores taken with category A salnpling or from 
blocks taken in a pit using at least Category B smnpling. 

(6) RecOinmendations for direct shear tests should be followed. 

NOTE Recommendations for such a test are inW.3. 

5.14.6.2 Evaluation of test results 

(I) 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 specilnen, the interface properties between rock and concrete, or what was 
tested. 

(2) Shear strength parameters angle of shearing resistance (cp) and cohesion (c) lllay be 
established using a number of shear tests on different specinlens taken from a rock stratuln using 
Mohr-Coulombs rupture criterion. Alternatively, residual paranletersmay be found using 
multiple testing with different nonna] stresses on an established rupture plane. 

(3) The test measures the shear strength in a forced rupture plane under certain stresses 
perpendicular to the rupture plane. Peak and residual shear strength after son1e shear deformation 
can be established. U sllaIJy the rupture plan is intentionally established along a known 
discontinuity. 

(4) The test is intended for strength classification and characterization of intact rock and should 
not be used without geological correlation and rock classification for field conditions. 
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5.14.7 Brazil test 

5.14.7.1 Objective and requirements 

(1) The Brazil test is intended to Ineasure indirectly the uniaxial tensile strength of a cylindrical 
rock specin1en. 

(2)P The following shall be specified in addition to the requirements in 5.14.2 (l)P: 
the test specinlen orientation and dilnensions; 
the testing 111ethod. 

(3)P Due to the variability of the test results, duplicate testing of test specimens cut in parallel 
shall be perfonned. 

(4) For shales and other anisotropic rock, it is recolnnlended to cut test specimens parallel to and 
perpendicular to bedding. For specilnens cut parallel to bedding, the direction of the load related 
to bedding should be specified. 

(5)P The test specilnens shall be prepared from cores taken with category A sampling. 

(6) ReCOlnmendations for the Brazil test should be followed. 

NOTE Recommendations for such a test are given in 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 specilnen may disturb the result and the failure plane should be 
sketched after test and evaluated. 

(2) The test provides an indirect determination of the tensile strength O"T in a forced rupture 
plane. 

(3) The tensile strength ( or) may be used as a classification parameter for the intact rock quality 
and it may be used in a Mohr diagrllil1 at a correspondingmaxitnal stress 0"1 together with Mohr 
circles from uniaxial or triaxial compression tests to define the Mohr-Coulomb strength 
parameters angle of shearing (tp) and cohesion (c). 

(4) The test is intended 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. 
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5.14.8 Triaxial compression test 

5.14.8.1 Objective and requirements 

(1) The triaxial cOll1pression test is intended to nleasure the strength of cylindrical rock 
specilnens subjected to triaxial compression. A nmnber of tests provide the values necessary to 
detennine the strength envelope in a Mohr-Coulolnb diagraln. From this envelope, the angle of 
shearing resistance and the cohesion intercept may be detennined. 

NOTE No provisions are usually made for of the pore \valer, nor for the measurement of pore water 
pressure. In certain rock types shales and porous limestone and chalk) and under certain conditions, the pore 
water pressure may inlluence the results. For such rock types, advanced triaxial test systems allowing for measuring 
pore \vater pressure and volumetric strains are necessary. Such testing may include similar measuring techniques as 
llsed for uniaxial compressive strength according to W.l . 

(2)P In addition to the requirelnents in 5.14.2 (l)P, the test specimen orientation and dilnensions l 

reflecting the testing method shall be specified. 

(3)P The test specinlens shall be prepared from cores taken with Category A smnpling. 

(4) Recolnnlendations triaxial compression testing should be followed. 

NOTE Recommendations for such tests are in W.S. 

5.14.8.2 Evaluation of test results 

(1) A triaxial test consists of a series of cOInpression tests calTied out under different confining 
pressures in a triaxial cell. A strength envelope of confining pressures versus axial stress at 
rupture can be used to establish the Mohr-CoulOInb strength parmneters angle of shearing 
resistance (cp) and cohesion (c). 

(2) The h01nogeneity of a of test specimens to establish the test paranleters should be 
evaluated based on the geological description and rock classification parameters. 

(3) The detenllined strength parameters relate to intact rock. In-situ properties can only be 
established taking into account the upscaling from elelnent testing of intact rock to the mass 
properties of the rock in-situ. 
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Section 6 Ground investigation report 

6.1 General requirements 

(l)P The results of a geotechnical investigation shall be cOlllpiled in the Ground Investigation 
Report which shall fOrIn a part of the Geotechnical Design Report. 

(2)P The Ground Investigation Report shall consist of the following: 
- a presentation of all appropriate geotechnical inforn1ation including geological features and 

relevant data~ 
- a geotechnical evaluation of the information, stating the assumptions Inade in the 

interpretation of the test results. 

(3) The information lnay be presented as one report or as separate parts. 

(4) The Ground Investigation Report 111ay include derived values. 

(5)P The Ground Investigation Report shall state known lin1itations of the results, if appropriate. 

(6) The Ground Investigation Report should propose necessary further field and laboratory 
investigations, with COlnlnents justifying the need for this further work. Such proposals should be 
accon1panied by a detailed progrmnme for the further investigations to be carried out. 

6.2 Presentation of geotechnical information 

(l)P The presentation of geotechnical infonnation shall include a factual account of all field and 
laboratory investigations. 

(2) The factual account should include the following infoflnation, 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 is referring 
to; 
a classification of the structure into a geotechnical category; 

- the naInes of all consultants and subcontractors; 
the dates between which field and laboratory investigations were perfonned; 

- the field reconnaissance of the site of the project and the surrounding area noting particularly: 
a) evidence of groundwater; 
b) behaviour of neighbouring structures; 
c) exposures in quarries and borrow areas; 
d) areas of instabili ty; 
e) any exposures of Inining activity at the site and in the neighbourhood; 
f) difficulties during excavation; 

history of the site; 
h) geology of the site, including faulting; 
i) survey data with plans showing the structure and the location of all investigation points; 
j) infoflnation froln aerial photographs; 
k) local experience in the area; 
1) information about the seisl11icity of the area. 
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(3)P The presentation of geotechnical infonnation shall include docuIllentation of the n1ethods, 
procedures and results including all relevant reports of: 
- desk studies; 
- field investigations, such as sampling, field tests and groundwater Ineasurenlents; 

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 ISO standards applied in the 
investigations. 

6.3 Evaluation of geotechnical information 

(l)P The evaluation of the geotechnical information shall be dOCU111ented and include, as 
appropriate: 

the results of the field investigations and laboratory tests evaluated according to Sections 3 to 
5 of this standard; 
a review of the results of the site and laboratory investigations and all other infonnation 
listed in 6.2; 

- a description of the geol11etry of the strata; 
detailed descriptions of all strata including their physical properties and their defonnation 
and strength characteristics, referring to the results of the investigations; 
comlnents on inegularities such as cavities and zones of discontinuous material. 

(2)P It shall be documented, if appropriate, that: 
the results were interpreted taking into account the groundwater table, ground type, driJJing 
]nethod, sampling Inethod, transport, handling and Specil11en preparation; 
the strata subdivision assumed fr0l11 desk studies and site inspections were reconsidered in 
light of the results obtained. 

(3) The docUlnentation of the evaluation of the geotechnical infonllation should include as 
appropriate: 

the tabulation and graphical presentation of the results of field investigation and laboratory 
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 para111eters for each stratU111; 
a review of the derived values of geotechnical parameters (see 6.4). 

(4) Averaging can mask the presence of a weaker zone and should be used with caution. It is 
important that weak zones are identified. Variations in geotechnical parameters or coefficients 
can indicate significant variations in site conditions. 

(5) The documentation should include cOlllparisons 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 sanle geotechnical parameter. 

(6) The docU111entation of the evaluation should substantiate the following aspect: strata in which 
ground parameters differ only slightly n1ay be considered as one stratum. 
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(7) A sequence of fine layers with greatly differing cOlnposition 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 parmneters selected for the stratum. 

(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 h01TIogeneous. Such application 
of linear interpolations and their justification should be reported. 

6.4 Establishment of derived values 

(1)P If correlations have been used to derive geotechnical parameters or coefficients, the 
correlations and their applicability shall be docmnented. 
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AnnexA 
(lnfonnati ve) 

List of test results of geotechnical test standards 

(1) In Table A.I, 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.I - List of test results of geotechnical standards 

}1"'ield test a Test results 

CPT - Cone penetration resistance (qc) 

Local unit side friction (is) 
Friction ratio (Rr) 

CPTU Corrected cone resistance (ql) 
- Local unit side friction (j~) 

Measured pore pressure (ll) 
Dynalnic probing NUlnber of blows N10 for the following tests: DPL, 

DPM,DPH 
Nunlber of blows (N IO) or (N20) for the DPSH test 

SPT NUlnber of blows N 

- Energy correcti on Er 
- Soil description 

Menard pressuremeter test Pressurelneter n10dulus (EM) 
Creep pressure VJf) 

- Linlit pressure (PU'i) 
- Expansion curve 

FlexibJe dilatometer test DilatOlneter 1110dulus (EFOT) 
Defonnation curve 

All other pressurelneter tests - Expansion curve 
Field vane test Undrained shear strength (uncorrected) (Cfv) 

Relnoulded undrained shear strength (crv) 

- Torque-rotation curve 
Weight sounding test Continuous record of weight sounding resistance 

Weight sounding resistance is: 
- either the penetration depth for a standard load; 

or the number of half-turns required for every 
0,2 In penetration, at the standard load of 1 kN 

Plate loading test - Ultinlate contact pressure VJu) 

Flat dilatometer test - Corrected lift-off pressure (Po) 
Corrected expansion pressure VJI) at 1,1 mm 

I 

Dilatometer Inodulus EotvlT, Inaterial index (lmvlT) 
and horizontal stress index (KOMT) 
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Laboratory test b 

Water content (soil) 
Bulk nlass density (soil) 
Particle Inass density (soil) 
Particle distribution 
(soil) 
Consistency limits (son) 
Density index (soil) 
Organic content (soil) 

'-" 

Carbonate content (soil) 
Sulfate content (soil) 

Chlorite content (soil) 

pH (soil) 

Cornpressibility oedometer 
(soil) 

Laboratory vane (soil) 

Fall cone (soil) 

Unconfined cOlnpression 
(soil) 

Unconsolidated undrained 
compression (soil) 

Consolidated triaxial 
compression (soil) 

Consolidated direct shear 
box (soil) 

BS EN 1997-2:2007 
EN 1997-2:2007 (E) 

Test results 

Value of (w) 
- Value of (p) 

Value of (p,J 
- Grain size distribution curve 

- Plastic and liquid limit values (~vp), (WL) 

Values of e max , emin and II) 
~Loss on ignition@(CoM ) 

Value of carbonate content (CCaC03) 
\l"Iue of sulfate content (Cso/-) or (Cso/ ) 

Value of chlorite content (CCl) 

Value of pH 

- Compressibility curve (different options) 

- Consolidation curves (different options) 

- Secondary c01npression curve (creep curve) 

- Values of Eoed (stress interval) and d p or Cs, Cc, d p 

Value of C~ 

Value of strength index (cu) 

Value of strength index (cll ) 

Value of strength index qu = 2eu 

- Value of undrained shear strength (eu) 

Stress-strain curve(s) and pore pressure curve 

Stress paths 

Mohr circles 

e', rp' or eu 

Variations of ell with de 

- Deformation parameter(s) (E') or (Ell) 

- Stress-displacement curve 

- r-()" diagraln 

- c', qJ 

Residual parmneters 
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Table A.I (continued) 

Laboratory test b 

California bearing ratio 
(soil) 

Penneability (soil) 

Water content (rock) 

Density and porosity (rock) 

Swelli ng (rock) 

Uniaxial compression and 
defonnability (rock) 

Point-load test (rock) 

Direct shear test (rock) 

Brazil test (rock) 

Triaxial cOlnpression test 
(rock) 

a See Section 4. 
b See Sectjon 5. 
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Test results 

Value of the CBR index (lCBR) 

Value of the coefficient of perl11eability (k): 

- from direct laboratory permeability test 

from field pernleability tests 

- frol11 oedOIneter test 

Value of w 

Value of p and 11 

Swelling Strain Index 

Swelling pressure 

Free swell 

Swell under constant load 

Value of O"c 

Value of defonnation modulus (E) 

Value of Poisson's ratio (v) 

Strength index Is50 

Stress-dispJaceJnent curve 

Mohr diagram 

c', tp' 

Residual parameters 

Tensile strength (or) 

Stress-strain curve( s) 

Stress paths 

Mohr circ les 

c', tpl 

Values of deformation 1110dulus (E) and Poisson's 
ratio (v) 
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AnnexB 
(lnfonnative) 

Planning of geotechnical investigations 

B.t Stages of ground investigations in geotechnical design, execution of works and 
exploitation of the structure 

I Geo~ogy II :Xisting information and experience 

r---~------------~----~~ 

STRATEGY FOR DESIGN 

Strategy for geotechnical design ! Ee7 Parts 1-2 I 

GEOTECHNICAL INVESTIGATIONS 1-4I11III i II-
Planning and reevaluation of the 
investigation program .-, -E-C-7-P-a-rts--1--2--' 

Geology H Geological model I 
Field investigations 

DESIGN 

Proposed structure 

Field sampling and Test results 

Evaluation of 
geotechnical 

parameters and 
coefficients Geotechnical model 

testing standards 

Laboratory investigations 

Laboratory standards 

Reporting ~ 

Test results 

Ground 
investigation report 

Design 
- geotechnical 
- structural 
Specifications 

I EC7 part 1 I 

Geotechnical design report 

DeSign report (final project) 

Program for inspection, 
supervision and monitoring 

Call for bids based on a project 1=1 ============= 
EXECUTION OF WORKS I 

Execution studies 

• 
f-----1 .... \ Execution project 

Inspections, supervision and 
monitoring during construction 

Report from inspection, 
supervision and monitoring 

================i! Reception of the structure 1=1 ============== 

EXPLOITATION OF STRUCTURE 

Inspections and monitoring 
for maintenance 

....J Report from inspection, 
I----I-.! 

..... 1 supervision and monitoring 
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B.2 Selection of ground investigation methods in different stages 

Table B.l- Example of the selection of ground investigation methods in different stages 

~ I Prclilnin~)rv invc'll iga,lions Control investigations 
I 

Fine soil 
Desk :-;tudy of CPT, SS, OF, 
topo ~r(lphi cal. SE 
f) -i2i~)~jc ~d , geological FVT or SPT 

,lnd hydrogeological lOS TP, PS, OS 
mdP~ 

G\V 
f\lilll: r.d ex t r:ll'litlJ) 

Aerial rhnto -

interpretat ion lCom'sc soil 
SS, CPT, ])P, 

r\("Chl\'I..' .... of previous I ~l~ .. , 
uHlstfuClioll w orks Sl 1 

a nd invest igations 

in~pcction 

Prd i mi n~lI"\' 

~c ( 'I )j l y ",j I. ·~II .. '.~lr\~~)_i 

Prc1irninary intrus ive 
111\ c"iligatioJ)s 

/\.5 , OS, 

G\\' 

GW: 

Pre 1 i 11 1 i l1'U·V 
c hoice of -

rnethod 
Prel imi narv 
choice of ., 
fou ndation 
method 
Prel im! nary 
choice of 
fOllnliul ion 
method 

Pile 
fOlluoittion 

~~i~~~~\\; 
fQ!J~~ation 

SS,CPT, DP,SR 
FVT, SPT, PIL 
PS, as, CS, PMT 
GWC 

SS ()f CPT, DP 
FVT, DrvlT or P;V1T, 
BJ'I ' 
PS, OS, CS, TP 
C;\VC 

Veri fi catf0i'iQ~ 
1--------1r-------------I Ghoicc df . 

Pile 
ftruri~atioli 

Shallow 
f(jlJ:ll(lH tiQIl 

Pile or 
shallow 
fourid~ti()ll 

CPT .. DP, Sf{ . ~2,"Hlq~~i(;}~ rnelnQo 
SPT , DtvlT, PIL ~nc~~y~i~p 
OS, , TP proc.eClu~~,':gg~~fQI 
Ci \VO pf grolll~~ 

1--_ _______ ---1] rnprovei~l~nf 
~8F~S eIJ$t; stabi liry 
aJ,l1·iflg .···~'Qllstnl~~i.91' 

CPT.DP 
SIYT',P~1T, B,n', D.ivlT, 

OS, 
G\VO 

S R, ~c~!?, ~1~115i)in.gQI· 
c.l.i!)g.QPti,l'!hl:Hi~s 
RDT, PMT, BJT 
TP,CS 
GWO 

PTL, Pile dri ving tests, 
Stress wave Ineasurements 
GWC, settlements , 
Inclinometers 

Check of the soil type 
Check of the stiffness 
(SgJ')§ e~tI~llle n ts, 
mcliuQflleters , 
€iWC 
ill 0 IlIl'11!ecli1tn.g~ 
porentc~~t dU9 t9 C wat~~ 
c<x':),tyntchallg~ 
PJL, Pile dri\ illg l0stS 

w ave 
l.neasurernents G\\l 
"cUicl1lcnts 
Incl i Il()lllcters 

Check of the soi I type 
Check of the stiffness 
(CPT , 12m;cSm] ) 
Settlelnents 

Check inclination and 
ai~coriUrltliti¢s j n the rock 
and its s urface 
Check contact between pile 
toe/ foundation and rock 
surface 
M~m~fY waterconditions Q~ 
~lQ)¥ allct prc~§gre 

t:jOj 
ZOO 
t-'t:j 
~Z 
~ 
-.:) t-' 
t:.:;~ .. ~ 
1:-:) -.:) 

0' 
o~ 
-.:) 1:-:) 

..-.0 
t:jo -- -.:) 

@lI 



Table B.I (continued) 

~ I Abbrcvi~ltions 

Fil'ld testing 

BJT 
DP 
SR 
SS 
CPT(U) 
SPT 
PMr 
DMT 
FVT 
PLT 
MWD 
SE 
PIL 
RDT 

r-' 
0 
C,J,J 

Borehole jack test 
Dynarnic probing 
Soillrock sound! ng 
Static sounding (e,g, weight sounding test, WST) 
Cone penetration test (with pore pressure recording) 
Standard penetration test 
Pressuremeter test 
Dilatomctcr test 
F ield vane test 
Plate load test 
Nk,I,",uring while drilling 
Seisrnicmeasurernents 
Pile load test 
Rock dilatorneter test 

Notes: 

Sanlpling 

PS Piston sampler 
CS Core sarnpler 
AS Auger sampler 
OS Open salnpler 
TP Test pit sampling 

G roundwater nlcasurclncnllS 
GW Groundwater 111eaSUrernents 
G\VO C'folilldwatermeasurcments with open sy:--tcm 

G\VC Groundwater mcaSllrClllcnts with dosed sy:-.tcnl 

S·~~~I··~···J·n~. ·I.lltl~· ••• rl,·I.i .~. ,~·(l j ·.·fY.··.~.I·~l~·;;i·i~:~I •• ';I;~r:\Ilt.i11·t)PL)g~·1.~<.·.·~I.·~i);.·); i l "' 
Surveying and loggjng arc not included in this chart 
Laboratorv tests are not presented on this table @il 
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B.3 examples of reconlnlendations for the spacing and depth of investigations 

(I) The following spacing of investigation points should be used as guidance: 
for high-rise and industrial structures, a grid pattern with points at 15 n1 to 40 m distance; 
for large-area structures, a grid pattern with points at not more than 60 III distance; 
for linear structures (roads, railways, channels, pipelines, dikes, tunnels, retaining walls), a 
spacing of 20 III to 200 m; 

- for special structures (e.g. bridges, stacks, lnachinery foundations), two to six investigation 
points per foundation; 

- for dan1s and weirs, In to 75 In distance, along relevant sections. 

(2) For the investigation depth Za the following values should be used as guidance. (The reference 
level for Za is the lowest point of the foundation of the structure or structural element, or the 
excavation base.) Where nlore than one alternative is specified for establishing Za, the one which 
yields the largest value should be applied. 

NOTE For very large or highly complex projects, some of the investigation points generally extend to greater 
depths than those specified under B.3 to B.3 (13). 

(3) Greater investigation depths should always be selected, where unfavourable geological 
conditions, such as weak or cOlllpressible strata below strata of higher bearing capacity, are 
presmned. 

(4) Where structures under B.3 (5) to B.3 (8) and B.3 (13) are built on cOlnpetent strata, the depth 
of investigation can be reduced to Za 2 m, unless the geology is indistinct, in which case at least 
one borehole should be taken down to a minimum of Za = 5 m. If a bedrock formation is 
encountered at the proposed base of the structure, this should be taken as the reference level for Za. 

Otherwise, Za 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.I a»: 

Za ~ 6 Ill; 
- Za ~ 3,ObF. 

where bF is the snlaller side length of the foundation. 

(6) For raft foundations and structures with several foundation elenlents whose effects in deeper 
strata are superimposed on each other: 

Za~ 1,5.1713 

where bB is the sn1aller side of the structure, (see Fig. B.I b»). 
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Z2, 

I 
a) foundation b) structure 

Figure B.l- High-rise structures, civil engineering projects 

(7) En1bankInents and cuttings, the larger value of the following conditions should be Inet 
Figure B.2): 

----------1
_--

Za Za 

a) elnbankment b) cutting 

Figure B.2 - Enlbankments and cuttings 

a) For dmns: 

0,8h < Za < 1,211 
Za~ 6m 

where h is the embankment height. 

b) For cuttings: 

Za ~ 2,0 m 
Za ~ 0,411 

where h is the dam height or depth of cutting. 
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(8) Linear structures, the larger value of the following conditions should be nlet (see Figure B.3): 

a) road 

Figure B.3 - Linear structures 

a) For roads and airfields: 

Za 2 2 In below the proposed formation level. 

b) For trenches and pipelines, the 

- Za 2 2 In below the invert level; 
Za 2 1,SbAh 

where bAh is the width of excavation. 

value of: 

b) trench 

c) Where relevant, the recomnlendations for embankments and cuttings should be followed. 

(9) For sma]] tunnels and caverns, (see Figure BA): 

where b Ab is the width of excavation. 

The groundwater conditions described in (10) b) should also be taken into account. 

Figure B.4 - Tunnels and caverns 

(10) Excavations (see Figure B.S). 
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a) Where the pieZolnetric surface and the groundwater tables are below the excavation base, the 
larger value of the fonowing conditions should be met: 

ZJ ~ 0,411 
- ZJ ~ (t + 2,0) m 

where 
t is the elnbedded length of the support; and 
h is the excavation depth. 

b) Where the piez01netric surface and the groundwater tables are above the excavation base, the 
larger value of the following conditions should be 111et: 

Za ~ (l,OH + 2,0) m 
- Za ~ (t + 2,0) In 

where 
H is the height of the groundwater level above the excavation base; and 
t is the embedded length of the support. 

~ If no stratum of low permeability is encountered down to these depths: @il 

Za ~ t + 5 In. 

~ -------------

a) b) 
Key 

groundwater 
Figure B.S - Excavations 

Z;; 

(11) For water-retaining structures, Za should be specified as a function of the proposed level of 
inlpounded water, the hydrogeological conditions and the construction Inethod. 

(12) For cut-off walls (see Figure B.6): 

- Za ~ 2 In below the surface of the stratum impermeable to groundwater. 
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Figure B.6 - Cut-off wall 

(13) For piles (see Figure B.7), the following three conditions should be lllet: 

Za 2 1,Ob8 

- Za 2 5,0 m 

Za 2 3DF 

where 
Dr is the pile base dialneter; and 
bg is the smaller side of the rectangle circumscribing the group of piles forming the 

foundation at the level of the pile base. 
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Example of groundwater pressure derivations based on a model and long term 
measurements 

(1) The natural 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 a 1110del of the groundwater situation for a building or a civil engineering 
project site and the surrounding area, available hydrogeological information should be cOlnpiled 
and con1pared to the actual groundwater 111easurelnents. Such infonnation could be: 

water level fluctuations; 
geohydrological n1aps; 
previous nleasurenlents in the surroundings; 
typical water levels of surface water or in wells; 
long term measurelnents in silnilar aquifers. 

(3) The groundwater measurelnents for a project nonnal1y only contain a short of 
measurelnents. In these cases it is illlportant to lnake 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 tenn Ineasurements of the groundwater in a 5inlilar aquifer in the 
SaIne region as the project in combination with a short term Ineasurelnent on the site. 

(4) By using statistical methods, it became possible to predict the groundwater pressure within a 
few kPa based on 15 years Ineasurelnents in a systeln and a 3 n10nth lneasuring period on 
the actual site, see Figure C.I. 

(5) It is also possible to sinlulate the groundwater fluctuations by a conceptual 1110del. Precipitation 
and air telnperature can be used as input in the Inodel. The groundwater response is calibrated 
against long terolmeasured groundwater fluctuations in the region. 

NOTE For additional information and examples, see X.2. 
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A) reference pipe 

Key 

NJOI 

® 

to 

B) prediction pipe 

maximum groundwater levels measured in the reference pipe through J 5 years. 
2 1111 ni mum groundwater levels measured in the reference pipe through 15 years. 
3 measured groundwater 1evels in the reference pipe during the same year as the observations in the prediction 

pipe on the actual 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 values of groundwater level in the prediction pipe on the test site from time to through tl. 

NOTE The diagram on the left is the maximum and minimum groundwater level for a reference pipe. The diagram 
on the right is the actual measurements with the predicted maximum/minimum groundwater levels. 

Figure C.l - Measured and predicted groundwater levels 
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Cone and piezocone penetration tests 

D.I Example for deriving values of the effective angle of shearing resistance and drained 
Young's modulus 

(1) Table D.l is an exanlple that can be used to derive values, frOln the value of Cjc, of the effective 
angle of shearing resistance (qJ) and drained (long ternl) Young's l1l0dulus 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 Cjc in a layer to the mean values of 
q:J and E'. 

Table D.I - An example for deriving values of the effective angle of shearing resistance (qf) 
and drained Young's modulus of elasticity (E') for quartz and feldspar sands fronl cone 

penetration resistance (qc) 

Density index 
Cone resistance (qc) 

(froID CPT) 
Effecti ve angle of 

shearing 
resistancea

, (tp') 

Drained Young's 
IDodulusb

, (E') 

Very loose 
Loose 
Medium dense 
Dense 
Very dense 

MPa 

0,0 - 2,5 
2,5 - 5,0 

5,0 10,0 
10,0 - 20,0 

> 20,0 

o 

29 - 32 
32- 35 
35 
37 -40 
40-42 

lVIPa 

<10 
10- 20 
20 - 30 
30 60 
60 90 

a) Values given are valid for sands. For silty soil a reduction of 30 should be made. For 
gravels 20 should be added. 

b) E' is an approximation to the stress and tilne dependent secant 1110dulus. Values given 
for the drained modulus cOlTespond to settlements for 10 years. They are obtained 
assulning that the vertical stress distribution fol1ows the 2: 1 approxilnation. 
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 lllodulus can 
be considerably higher. When calculating settlelnents for ground pressures greater than 
2/3 of the design bearing pressure in ulthnate linli t state, the modulus should be set to 
half of the values given in this table. 

NOTE This example was published by Bergdahl et al. (1993). For additional information and documents 
giving examples, see X.3.1. 

D.2 Example of a correlation between the cone penetration resistance and the effective angle 
of shearing resistance 

(1) The following is an exalnple for deriving the effective angle of shearing resistance (ql) fronl 
CPT cone penetration resistance (qc) in sands. 
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(2) The detenninistic correlation reads as follows: 

where 
qi is the effective angle of shearing resistance, in 0; 

is the cone penetration resistance, in MPa. 

This relationship is valid for poody-graded sands (Cu < 3) above groundwater and cone 
penetration resistances in the range 5 MPa ::; qc ::; 28 MPa. 

NOTE I The example was established from electrical cone penetrometer tests and laboratory triaxial tests. 

NOTE 2 This 
and documents 

was puhlished hy Stenzel et a!. (I 
examples, see X.3.I. 

and in DIN 4094-] (2002). For additional information 

D.3 Exanlple of a method to determine the settlenlent for spread foundations 

(I) The following is an example of a semi-empirical method for calculating settlelnents of spread 
foundations in coarse soiL The value for Young's modulus of elasticity (E') derived from the cone 
penetration resistance (qc), to be used in this Inethod is: 

E' = 2,5 qCl for axisYlll1netric (circular and square) foundations; and 
- £' = 3,5 qc, for plane strain (strip) foundations. 

(2) The sett1elllent (s) of a foundation under load pressure (q) is expressed as: 

where 
C, is 1 - 0,5 x [d vo/(q cr'vo)]; 
C2 is 1,2 + 0) x 19 t; 
C 3 is the correction factor for the shape of the spread foundation: 

- 1,25 for square foundations; and 
1,75 for strip foundations with L > lOB; 

d vO is the initial effective vertical stress at the level of the foundation; 
~ Zi is the depth influenced by the foundation pressure and width, respectively, in In. @1] 

lz is a strain influence factor (see below). 

(3) Figure D.l gives for axisY111111etric (circular and square) spread foundations and for plane strain 
(strip spread foundations) the distribution of the vertical strain influence factor (/z). 

NOTE I The cone penetration resistance (q,J in this example stems from measurements carried out with an electrical 
cone penetrometer. 

NOTE 2 This example was published by Schmertmann (1970) and Schmertmann et al (1 
information and examples, see X.3.1. 
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4 depth to /zp 
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_______ ...... m'--l--J l1'vp 

Figure D.l- Strain influence factor diagrams 

D.4 Example of a correlation between the oedometer modulus and the cone penetration 
resistance 

(1) Table D.2 gives exan1ple of values of a (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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Table D.2 - Examples of values of a 

Soil qc a 
Low-plasticity clay qc ::; 0,7 MPa 3 < a< 8 

0,7 < qc < 2 MPa 2 < a<5 
qc 2MPa 1 < a< 2,5 

Low-plasticity silt qc<2MPa 3 < a< 6 
qc ~ 2 MPa 1 < a< 2 

Very plastic clay qc < 2 MPa 2 < a<6 
Very plastic silt qc > 2 MPa 1 < a<2 
Very organic silt qc < 1,2 MPa 2< a<8 
Peat and very organic clay qc < 0,7 MPa 

50 < w::; 100 (9'l:J) 1,5 < a<4 
100 < w::; 200 (%) I < a< 1,5 

w> 200 (%) 0,4< a< l.0 

Chalks 2 < qc ::; 3 MPa 2< a<4 
qc> 3MPa 1,5 < a< 3 

Sands qc < 5 MPa a=2 
qc> 10 MPa a= 1,5 

D.S Examples of establishing the stress-dependent oedometer modulus from CPT results 

(1) This is an example of the derivation of the vertical stress dependent oedonleter settlement 
modulus (Eoed), frequently recomll1ended for settlement calculation of spread foundations, defined as 
fol1ows: 

where 
WI is the stiffness coefficient; 
W2 is the stiffness exponent; 

for sands with a unifofll1ity coefficient Cu ::; 3, W2 = 0,5; 
for clays of low plasticity (lp::; 10; WL::; 35), W2 0,6; 

d v is the effective ve11ical stress at the base of the foundation or at any depth below it due to 
overburden of the soil; 

~d v is the effective vertical stress caused by the structure at the base of the foundation or at any 
depth below it; 

Pa is the atll10spheric pressure; 
Ip is the plasticity index 
WL is the liquid lill1it. 
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(2) Values for the stiffness coefficient tV1 can be derived frOln CPT results using for eXaInple the 
following equations, depending on the soil type: 

Poorly-graded sands (Cu ~ 3) above groundwater; 

(range of validity: 5 MPa ~ Cje ~ 30 MPa) 

well-graded sands (Cu > 6) above groundwater; 

~ WI = 463lg qe 13 (range of validity: 5 MPa ~ (jc ~ 30 MPa) @il 

low plasticity clays of at least stiff consistency (0,75 ~ Ie ~ 1,30) and above groundwater (Ie is the 
consistency index); 

of validity: 0,6 MPa ~ qc ~ 3,5 MPa) @j] 

NOTE 1 The example was established from the results of tests carried out with an electrical cone penetrometer and 
from laboratory oedomcler tests. 

NOTE 2 These examples were published by Stenzel et al. (1978) and Biedermann (1984) and in DIN 4094- [: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 

(1) In Tables D.3 and DA 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 Pb and 
unit shaft resistance ps of cast in-situ piles are as a function of cone penetration resistance 
(qc) (CPT) and n0f111alised pile head settlement. 

Table D.3 - Unit base resistance Pb of cast in-situ piles in coarse soil with little or no fines 

Normalised Unit base resistance Pb, in MPa, 
settlenlent slDs; at average cone penetration resistance 

slDb qc (CPT) in MPa 
Cje = 10 qc = 15 qe = 20 Cjc ~5 

0,02 0,70 1,05 1,40 1,75 
0.03 0,90 1,35 1,80 2,25 

0,10 (: Sg) 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 is the normalised pile head settlement 
Ds is the diameter of the pile shaft 
Db is the diameter of the pile base 
Sg is the ultimate seulemen1 of pile head 

Table D.4 - Unit shaft resistance Ps of cast in-situ piles in coarse soil with little or no fines 
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A verage cone penetration Unit shaft resistance Ps 
resistance qc (CPT) 

MPa MPa 

° ° 5 0,040 
10 0,080 

> 15 0,120 
NOTE Intermediate values may be interpolated linearly 

NOTE I The example was established from results of tests carried out with an electrical cone penetrometer 

NOTE 2 This example was published in DIN 1054 (2003-01). For additional information and examples, see X.3.1. 

D.7 Example of a nlethod to determine the compressive resistance of a single pile 

(1) The following is an exatnple of the determination of the maximU111 bearing resistance of a 
single pile on the basis of the qc values from an electrical CPT. In case of over consolidation, or in 
case of an excavation after execution of a CPT, the qc values should be reduced. 

(2) The ll1axinlum compressive resistance of a pile follows from: 

Fmax + 

where 

F max:base = 

and 
t:.L 

Flllax:shaft = cp f P,nax;shaft; :dz 
o 

where 
Aba:\e 

Cp 

Fmux:shaft 

pmax:shaf1;z 

pmax;base 

I1L 

z 
Deq 
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is the cross sectional area of the base, in 1n2
; 

is the circul11ference of the part of the pile shaft in the layer in which the base of the pile 
is placed, in m; 
is the Inaxi mum cOlllpressive resistance of the pile, in MN; 
is the I11axilllum base resistance, in MN; 
is the nlaxiInu111 shaft resistance, in MN; 
is the maximum unit shaft resistance, at depth z, in MPa @il 

is the 111axiInum unit base resistance, in MPa; 
is the distance from the base of the pile to the bottom of the first soil layer above the 
base with qc < 2 MPa; moreover I1L ::; the length of the enlarged part of the pile point if 
applied, in m; 
is the depth or vertical direction (positive downwards). 
is the equivalent diatneter of the base, in m; 



fb Deq = 1,13xaV~ 

where 
a is the length of the slnaller side of the base area, in In; 
b is the larger side, in m, with b s 1,5 x a; 
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(3) The lnaxinluln base resistance pmax:base can be derived from the following equations: 

- 5 fJ S' {qr::I:ll1ean + qc;lI:mean + } 
Pmax:hase- O, lXp L 2 qc:III;l1lcan 

and 

pm<lx:base S 15 MPa 

where 
Q)) is the pile class factor given in Table D.5, 
fJ is the factor which takes account of the shape of the pile point as shown in Figure D.3; 

fJis found by interpolation between the borders given in Figure D.3 
s is the factor which accounts for the shape of the pile base=and is established as follows: 

qe;l;mean 

with 

where 
ris LIB 

1(1 + sin <pI) 

L is the larger side of the rectangular pile point~ 
B is the slnaller side of the rectangular pile point; 
rp'is the effective angle of shearing resistance. 
is the mean of the qe;1 values over the depth running from the pile base level to a level 
which is at least 0,7 times and at most 4 times the equivalent pile base diameter Deq 
deeper (see Figure D.2); 

qc: I: mean 

1. dcril 

- Iqc:ldz 
dcrit 0 

lEi) 0,7Deq < derit < 4Deq 

At the critical depth the ca1culated value of pmax;base beC0111es a mininlum; 

qell;mean is the mean of the lowest qc;lI values over the depth going upwards from the critical 
depth to the pile base (see Figure D.2); 

o 

.LL.IL,'"t:dll = I qc:1I dz 
d crit I ' 

ecrll 
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qclll:l1lcan is the mean value of the qc;III values over a depth interval running from pile base level to 
a level of 8 times the pile base diameter above the pile base, or, in case b > 1,5 x a upto 
8 x ([ above the pile base. This procedure starts with the lowest qc;ll value used for the 
con1putation of qc:ll:mean (see Figure D.2); 

qc: Ill: mean 

1 -8J)eq 

fqc: lIIdz 
8Dcq 0 

For continuous flight auger piles, qc:lll;mcan cannot exceed 2 MPa, un less the results of 
CPTs, which were performed at a distance from the pile ~ 1 m pile fabrication are 
used for the calculation of the compressive resistance; 

(4) The maximum shaft resistance Pmax;shafl:z should be determined as follows: 

asX(jc::.:a 

where 
lX; is the factor according to Tables D.5 and D.6; 
qc;z;a is the cut-off value of qc at depth z, in MPa. 

If qc;z ~ 12 MPa over a continuous depth interval of 1 m or lnore, then qc:z;a ~ 15 MPa over this 
interval. 

If the depth interval with qc;z;a > 12 MPa is less than 1 m thick, then qc ~ 12 MPa over this interval. 

Table 0.5 - Maximum values of ap and as for sands and gravely sands 

Pile class or type ~ as a 

Soil displacelnent type piles, diameter> ] 50 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> ISO nl1n 
0,006 b - flight auger piles, 0,8 

- bored piles (with drilling lTIud). 0,6 0,005 
a Values valid for fine to coarse sands. For very coarse sands a reduction factor of 0,75 is necessary; for 

gravel this reduction factor is 0,5. 
b This value is used in the case of applying the results of ePTs which were carried out before pile 

installation. When CPTs are used that have heen carried out in the vicinity of the night auger piles, ex; may 
be raised to 0,0 I. 
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clay 
clay 
silt 
peat 

-8Deq 

l 

! 
0 

0,7 Deq 

+dcrit 

+4DeQ 
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Table D.6 - Maximum as values for clay, silt and peat 

-t-- --

qc, 
MPa 

>3 
<3 

qc -----

J 
'---IJ 
I .. Dcq .1 

Figure D.2 - Explanation of qc;h qc;II and qc;III 

as 

< 0,030 
< 0,020 
< 0,025 

° 
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Key 

borderline [; 1,0; 
2 borderline 2; j3 = 0,9: 
3 borderline 3; j3 = 0,8; 
4 borderline 4; j3 = 0,7; 
5 borderline 5; 0,6; 
For H, Deq and see Figure D.2 

04-~~----~--~--~-

3 
2 

....... 1---- Dreo 
d~Q 

Figure D.3 - Pile foot shape factor (/3) 

NOTE This example was published in NEN 6743-1. For additional information and examples, see X.3. I. 
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Annex E 
(In formati ve ) 

Pressuremeter Test (PMT) 

E.l Example of a nlethod to calculate the bearing resistance of spread foundations 

(1) The following is an example of a lnethod 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 frOln: 

) 

where 
R is the resistance of the foundation against norn1al loads~ 
AI is the effective base area as defined in EN 1997-1; 

lAlo is the total (initial) vertical stress at the level of the foundation base; 
PLM is the representative value of the Menard litnit pressures at the base of the spread 

foundation; 
po is [Ko (O"vo u) + u] with Ko conventionally equal to 0,5, O"vO is the total (initial)vertical 

stress at the test level and u is the pore pressure at the test level; 
k is a bearing resistance factor given in Table I; 
B is the width of the foundation; 
L is the length of the foundation; 
De is the equivalent depth of foundation. 

Table Eal - Correlations for deriving the bearing resistance factor, k, for spread 
foundations 

Soil category PLM PLM k 
category MPa 

A <0,7 0,8[ 1 + 0,25 (0,6 + 0,4 BIL) x DeIB] 
Clay and silt B 1,2-2,0 0,8[ 1 + 0,35 (0,6 + 0,4 BI L) x Del B1 

C 0,8[ 1 + 0,50 (0,6 + 0,4 BIL) x DeIB] 

A <0,5 [1 + 0,35 (0,6 + 0,4 BIL) x DelB] 
Sand and gravel B 1,0-2,0 [1 + 0,50 (0,6 + 0,4 BIL) x DelB] 

C >2,5 [1 + 0,80 (0,6 + 0,4 BIL) x DelB] 

Chalk 1 ,3[ 1 + 0,27 (0,6 + 0,4 BIL) x Del B] 

Marl and [1 + 0,27 (0,6 + 0,4 BIL) x DeIB] 
weathered rock 

NOTE This example was published by the French Ministcre de l'Equipement du ,-,,',,"' .. dl"""'" 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 settlements for spread foundations 

(I) The following is an example of a method to calculate the settlement, (s), of spread foundations 
using a semi-empirical method developed for MPM tests. 

+ 

where 
Bo is a reference width of 0,6 m; 
B is the width of the foundation; 
~l ,Ac are shape factors given in Table E.2; 
a is a rheological factor given in Table E.3; 

is the weighted value of EM immediately below the foundation; 
Ed is the harmonic mean of EM in all layers up to 8 x B below the foundation; 
avo is the total (initial) vertical stress at the level of the foundation base; 
q is the design normal pressure applied on the foundation. 

Table E.2 The shape coefficients, Ae, ~, for settlenlent of spread foundations 

LIB Circle Square 2 3 5 20 

~l 1 1,12 1 1,78 2,14 2.65 

Ac 1 1,1 1,2 1,3 1.4 1,5 

Table E.3 - Correlations for deriving the coefficient afor spread foundations 

Type of ground Description EMlpL'M a 
Peat 1 
Clay Over-consolidated I§) 6(§] 1 

Normally consolidated 9-16 0,67 
Remoulded 7-9 0,5 

Silt Over -conso I i dated >14 0,67 
NOflnally consolidated 5-14 0,5 

Sand >12 0,5 
5-12 0,33 

Sand and gravel >10 0,33 
6-10 0,25 

Rock Extensively fractured 0,33 
Unaltered 0,5 
Weathered 0,67 

NOTE This example was published by the French Minislere de I 'Equipement du Logement et des Transport ( 
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) The following is an example of a 111ethod to calculate the ultimate compressive resistance, Q, of 
piles from the MPM test, using: 

where 
A is the base area the pile which is equal to the actual area for close ended piles and part of 

PLM 

Po 

k 
p 

that area for open-ended piles; 
is the representative value of the limit pressure at the base of the pile corrected for any 
weak layers below; 
is [Ki o~!o - u) + III with Ko conventionally equal to 0,5, and (}yO is the total (initial) vertical 
stress at the test level and II is the pressure at the test level; 

is a compression resistance factor in Table E.4; 
is the pile perimeter; 

is the unit shaft resistance for soil layer i given by Figure E.} read in conjunction with 
Table 

Zi is the thickness of soi1layer i. 

NOTE This example was published by the French Nlinistere de l'Equipement du '-'Vi"-.'-"'"'''' et dcs Transport (1993). 
For additional information and see X.3.2. 

Table E.4 - Values of the compression resistance factor, k, for axially loaded piles 

Soil category PLJ\l PLM Bored piles and Full 
category small displacement displacement 

MPa piles piles 
A <0,7 1,1 1,4 

Clay and silt B 1,2-2,0 1,2 1,5 
C >2,5 1,3 1,6 

Sand and gravel A <0,5 1,0 4,2 
B 1,0 - 2,0 1 ,1 3,7 
C >2,5 1,2 3,2 
A <0,7 1,1 1,6 

Chalk B 1,0-2,5 1,4 2,2 
C >3,0 1,8 2,6 
A 1 1,8 2,6 
B ",. 1,8 2,6 

Weathered rock A 2,5-4,0 a a 

B >4,5 
a) Choose k for the closest soil category. 
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Table E.S - The selection of design curves for unit shaft resistance 

Soil category Clay and silt Sand and Chalk Marl 
gravel 

PLM catagory A B C A B C A B C A 
Pile type 

Bored piles and No support 1 112 2/3 - - 1 3 4/5 3 
caissons Mud support 1 112 112 I 1/2 2/3 1 3 4/5 3 

Tenlporary 1 112 112 1 1/2 2/3 1 2 3/4 3 
casing 
Permanent 1 I 1 1 1 2 2 
casing 

Hand-dug I 2 3 1 2 3 4 
caisson 
Displacement Closed end 1 2 2 2 2 3 3 
piles steel tube 

Prefab. 1 2 2 3 3 3 3 
concrete 
Driven cast 1 2 2 2 2 3 1 2 3 3 
in-situ 
Coated shaft 1 2 2 3 3 4 3 
(concrete 
dri ven steel a) 

Grouted piles Low pressure 1 2 I; 3 3 3 2 3 4 5 
High pressure 1 4 5 5 6 - 5 6 6 

Weathered 
rock 

B 

4/5 6 
4/5 6 
4 -

3 -

5 6 

4 4 

4 4 

4 -

4 -

5 
6 7 

a A preformed steel pile of tubular or H-section, with enlarged shoe, is driven with simultaneous pumping of concrete (or 
mortar) into the annular space. 

0,3 

{MPal 

t 
0,2 

y 

0,1 

o-~, ~~~~~~~~~~--~~~~~--~~. 

o 4 5 

X ~ (MPal 

Key 

(X) Limit pressure (Y) Unit shaft resistance ({fsi) 
1 to 7 design curves for unit shaft resitance 

Figure E.1 - Unit shaft resistance for axially loaded piles 
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AnnexF 
(Informati ve) 

Standard penetration test (SPT) 

F.l Examples of correlations between blow counts and density indices 

(1) Examples of correlations of blow counts and density indices are gi ven below. 

(2) The relationship between the blow count (N6o), density index If) = (enm e) / (elllax - emil!) and 

the effective total (initial) stress dv;o (kPa x 10-2
) in a given sand can be represented by the 

expression: 
N 

= a + ba'vo 

The parameters a and b in norn1ally consolidated sands are nearly constant for 0,35 < 10 < 0,85 and 
0,5 < d v 0' < 2,5, in kPa x 10-2

. (see Skempton 1986, Table 8) 

(3) For normally consolidated natural sand deposits, the correlation shown in Table 1 has been 
established between the normalised blow count (N, and 10 . 

Table F.l- Correlation between the normalised blow count (N1)60 and the density index 10 

Very loose Loose Medium Dense Very dense 

(N j )60 0-3 3 8 8 -25 25 42 -58 

10 0 -15 % 15 % 35 35 0/0 65 65 -85 % 85 - 1000/0 

(4) For fine sands, the N-values should be reduced in the ratio :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 given in Table 

Table F.2 - Effect of ageing in normally consolidated fine sands 

Age (lV1)6oIIr/ 
years 

Laboratory tests 10-2 35 
Recent fills 10 40 
Natural deposits > 102 55 
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(6) Over-consolidation increases the coefficient b by the factor: 

1+2x 

1+ 2 x K (me 

where 
Ko and KONC are the in-situ stress ratios between horizontal and vertical effective stresses for the 
over-consolidated and norma11y-consolidated sand respectively. 

(7) An the above mentioned correlations have been established for pred01ninantly silica sands. 
Their use in more crushable and cOlnpressible sands, such as calcareous sands or even silica sands 
containing a non-negligible anlount of fines, may lead to an underestilnation of Ij). 

NOTE These examples were published by Skempton (I For additional information and examples, see X.3.3. 

F.2 Examples of deriving values for the effective angle of shearing resistance 

(1) Table F.3 is an example that can be used to derive values of the effective angle of shearing 

resistance of silica sands, (rp I), fronl the density index (lD). The values of rp' are also influenced by 
the angularity of the particles and the stress level (see Table F.3). 

Table F.3 - Correlation between the density index (Id) and the effective angle of shearing 
resistance of silica sands, (lp '), in degrees 

Density Fine Medium Coarse 
index In 

% Unifonn Well-graded Uniform Well-graded Uniform Well-graded 

40 34 36 36 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. 3. 

F.3 Example of a method to calculate the settlement of spread foundations 

(1) This is an exanlple of an enlpirical direct method for the calculation of seUlenlents in granular 
soil of spread foundations. 

(2) The seUlelnent for stresses below the over consolidation pressure is assumed to be 1/3 of that 
corresponding to the nornlal1y consolidated sand. The inlmediate seUlenlent, Si, in 111m, of a square 
footing of width B, in 111, for an over consolidated sand, if q' 2: d p, is then given by: 
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where 
d p is maximunl previous overburden pressure, in kPa; 
q' is average effective foundation pressure, in kPa; 
Icc is arlB 0,7; 

af is the foundation subgrade compressibility, b.s/b.q', in mm/kPa. 

If q' ::; d p then the equation becon1es: 

S· = (J" xBO.7 X 
1 P 3 

And for norma1ly consolidated sands: 

Sj (q'-(J") X BO,7 X 

BS EN 1997-2:2007 
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(3) Through a regression analysis of settlen1ent records, the value of Icc is obtained through the 
expression: 

where 

-],4 
Icc = 1,711N 

N is the average SPT blow count over the depth of influence. 

The standard error of ar varies fron1 about 1,5 for N greater than 25 to 1,8 for N less than about 
10. 

(4) The N-values for this particular empiricallTIethod should not be corrected for the overburden 
pressure. No mention is made of the energy ratio (Er) corresponding to the N-values. The effect of 
the water table is supposed to be already reflected in the n1easured blow count, but the correction N 
, = 15 + 0,5 x (N - 15) for subnlerged 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) The value of N is given by the arithmetic mean of the measured N-values over the depth of 
influence, Zl = B 0,75, within which 75 % of the settlelTIent 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 botton1 of the soft layer whichever is the lesser. 

(6) A correction factor}:; for the length-to-width ratio (LIB) of the foundation 

Is = 

L 
1,25x 

L + 0,25 
B 

should be applied. The value of f~ tends to 1,56 as LIB tends to infinity_ No depth (D) correction 
factor has to be applied for DIB < 3. 
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(7) Foundations in sands and gravels exhibit tilne-dependent settlements. A correction factor,j" 
should be applied to the inlmediate settlenlent given by: 

R, 

j, = (1 + R3 + Rr 19 t/3) 

is the correction factor for tinle t 2 3 years; 
is the tilne-dependent factor for the settlement that takes place during the first 3 years after 
construction; and 
is the tilne-dependent factor for the settlement that takes place each log cycle of time after 
3 years. 

(8) For static loads, conservative values of R3 and R, are 0,3 and 0,2 respectively. Thus at t 30 
years,fr = 1,5. For fluctuating loads (tall chimneys, bridges, silos, turbines etc.), values of R3 and Rt 

are 0,7 and 0,8 respectively so 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 
(Infonnative) 

Dynamic probing test (DP) 

G.I Examples for correlations between number of blows and density index 

(1) These are exmnples of the density index (ID) from the dynamic probing DP test, for different 
values of the unifonnity coefficient (Cu) (range of validity 3 ~ NlO ~ 50): 

poorly-graded sand (Cu ~ 3) above groundwater 
10 = 0,15 + 0,260 Ig NlOL CDPL) 
10 = 0,10 + 0,435 19 NJ(m (DPH) 

poorly-graded sand (Cu ~ 3) below groundwater 
ID = 0,21 + 0,230 NlOL (DPL) 
II) = 0,23 + 0,380 NIOH (DPH) 

well-graded sand-gravel (Cu ~ 6) above groundwater 
10 = 14 + 0,550 Ig NIOH (DPH). 

NOTE These examples were puhlished by Stenzel et al. (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) This is an example of deriving the effective angle of shearing resistance (qJ) from the density 
index (/0), for bearing capacity calculations of coarse soil Table G.l). 

Table G.I Effective angle of shearing resistance (tp') of coarse soil as function of the 
density index (10 ) and the uniformity coefficient (Cu) 

Soil type Grading Range of In Effective angle of shearing 
resistance «({I) 

% 0 

Slightly fine- Poorly 15-35 (loose) 30 
grained sand, graded, 

35-65 (nledi 11111 dense) 32,5 
Sand, sand-gravel (Cu < 6) 

>65 (dense) 35 

Sand, sand-grave1, Well-graded, 15-35 (loose) 30 
gravel (6:::;;Cu :::;;15) 

(mediUlTI dense) 34 

(dense) 38 

NOTE This example was published in DIN 1054-100. For additional information and examples, see X.3.4. 
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G.3 Exanlple of establishing the stress-dependent oedometer modulus from DP results 

(1) This is an example of the derivation of the vertical stress dependent oedometer settlement 
modulus (Eoed), frequently recommended for settlement calculation of spread foundations, defined as 
follows: 

E = W P oed j a 

(J' 

where 
WI is the stiffness coefficient; 
W2 is the stiffness exponent; 

for sands with a uniformity coefficient Cu s; 3: W2 = 0,5; 
for clays of low plasticity (Ip S; 10; WL S; 35): \,V2 = 0,6; 

d v is the effective vertical stress at the base of the foundation or at any depth below it due to 
overburden of the soil; 

I1dv 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; 
WL is the liquid limit. 

(2) Values for the stiffness coefficient (WI) can be derived frOID DP tests using for exmDple the 
following equations, depending on the soil type: 

poorly-graded sands (Cu S; 3) above groundwater 

WI 214 19 NIOL + 71 (DPL; range of validity: 4 S; NJOL S; 50) 

WI = 249 19 NIOH + 161 (DPH; range of validity: 3 S; NIOH 0) 

low-plasticity clays of at least stiff consistency (0,75 S; Ie S; 1,30) and above groundwater (Ie is 
the consistency index) 

WI = 4NJOL + 30 (DPL; range of validity: 6 S; NlOL S; 19) 

WI = 6NIOH + 50 (DPH; range of validity: 3 S; NlOH S; 13). 

NOTE These examples were published by Stenzel el a1. (1978) and Biedermann (1 
For additional information and examples, see X.3.4. 

and in DIN 4094-3:2002. 

G.4 Example of correlations between the cone penetration resistance and the number of 
blows 

(l) This is an example of estimating the cone penetration resistance (qc) in sands and sand-gravel 
mixtures frOID results with the dynamic probing test DPH to derive ultimate bearing capacities of 
piles from corresponding correlations established frOID static pile load rests 
(see Figure G.l, 4.3.4.2 (I)P and 0.6). 
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Figure G.l - An example of correlations between the number of blows NlOH and the cone 
penetration resistance (qc) for poorly-graded sands and for well-graded sand-gravel 

NOTE This example was published hy Stenzel et al (1978) and in DIN 4094-3. For additional information and 
examples, sec X.3.4. 

G.5 Example of a correlation between number of blows of different dynamic penetrometers 

(1) This is an exanlple for correlations between the nU111ber of blows N 10L of the dynamic probing 
test DPL and the number of blows NlOH of the dynamic probing test DPH for poorly-graded sands 
(Cu < 3) above the groundwater level: 

a) Input: DPH results; 
NIOL = 3NlOH ; 
Range of validity: 3 ::; NIOH ::; 20. 

b) Input: DPL results; 
NIOH = 0,34N10L; 

Range of validity: 3 ::; NlOL ::; 50. 

NOTE These examples were published by Stenzel (1978) and Biedermann (J 984) and in DIN 4094-3:2002. For 
clays, see Butcher, A.P. McElmeel, K., Powell, JJ.M.(l995). For additional information and examples, sec X.3.4. 
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AnnexH 
(Informati ve) 

Weight sounding test (WST) 

(1) This Annex gives an example of values of the effective angle of shearing resistance (qi) and 
drained Youngls modulus of elasticity (El), estimated fr0111 weight sounding resistance based on 
Swedish experience. This example correlates the mean value of weight sounding resistance in a layer 
to the mean values of qi and . (see Table H.I) 

Table H.l - Values of the effective angle of shearing resistance (ifJ) and drained Young's 
modulus of elasticity (E') for naturally deposited quartz and feldspar sands estimated from 

weight sounding resistance in Sweden 

Weight sounding Effective angle of Drained Young's 
Density index resistancea

, shearing modulusc, (E') 
resistanceb

, (qJ), 
half-turns / 0,2 In 0 MPa 

Very loose 
Loose 
Medium dense 
Dense 

0-10 
10-30 
20-50 
40-90 

29-32 <10 
32-35 10-20 
35-37 20-30 
37-40 30-60 

Very dense >80 40-42 60-90 

b 

c 

Before determination of the relative density, the weight sounding resistance in silty soil 
should be divided by a factor of I,3. 
Values given are valid for sands. For silty soil, a reduction of 3 0 should be 11lade. For 
gravels, 2 0 nlay be added. 
£1 is an 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 vertical stress distribution follows the 2: 1 approximation. 
FU11hermore, SOlne investigations indicate that these values can be SO lower in silty 
soil and SO higher in gravelly soiL In over-consolidated coarse soil, the modulus can 
be considerably higher. When ca1culating settlements for ground pressure greater than 
2/3 of the design pressure in ultimate limit state, the modulus should be set to half the 
values given in this table. 

(2) If only results of weight sounding tests are available, the lower value in each interval for the angle 
of shearing resistance and Young's modulus in Table H.I should be selected. 

(3) When evaluating weight sounding resistance diagra111s for application in Table H.I, peak values 
caused for eXalnple by stones or pebbles should not be accounted for. Such peak values are common 
in weight sounding tests in gravel. 

NOTE This example was published Bergdahl et al. (1993). For additional information and examples, see X.3.S. 
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1.1 Examples of procedures to determine correction factors for the undrained shear strength 

(1) Examples of procedures for the detenl1ination of correction factors of field vane test results to 
obtain the undrained shear strength (eu) from the measured value (crv) of the field vane test are 
given in 1.2 to 1.5. These correction factors are based mainly on the back-analysis of embankn1ent 
failures and load tests in soft clays. All procedures lead to a value of the correction factor (JI) 
which is used in the following equation for assessing the undrained shear strength. 

Cu = J..l X Crv 

where 
Cfv is the undrained shear strength measured in the Field vane test 
J..l is the correction factor 

(2) The procedure to be used should be based on local experiences in the actual type of clay. It 
should also be considered that the drained shear strength might be lower than the undrained shear 
strength. 

NOTE For additional information see X.3.6. 

1.2 Example of the determination of the correction factor f.l based on Atterberg linlits 

(1) For soft, normally-consolidated clays, the correction factor (P) is linked to the limit of liquidity 
or to the plasticity index. A sample correction curve is presented in Figure 1.1. 

(2) A correction factor greater than 1,2 should not be used without support from supplementary 
investigations. 

(3) In fissured clays, a correction factor as low as 0,3 can be necessary. Tn fissured clays, the 
undrained shear strength should be determined from other ll1ethods than fronl Field vane tests e.g. 
Plate load tests. 

NOTE The Danish Geotechnical Institute (1959) gives examples of correction factors in fissured c1ays._For 
additional information see X.3.6. 
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Figure 1.1 - An example of correction factors for Cfv based on the liquid limit for nornlally 
consolidated clays 

NOTE Figure L 1 was published by Larsson et al. (1984 ). For additional information see X.3.6 
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Figure 1.2 - Examples of correction factors for Cfv based on plasticity index and effective 
vertical stress (d '10) for over-consolidated clays 

1.3 Example of the determination of the correction factor II on Atterberg linlits and the state 
of consolidation 

(l) This correction is linked to the plasticity index (lp) and the effective ve11ical stress (d yO) in the 
ground. Sample curves are presented in Figure 1.2. 
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NOTE Figure 1.2 was published by Aas (1979). For additional information see X.3.6 

1.4 Example of the determination of the correction factor Jl based on Atterberg liInits 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 Ineasured shear strength (crv) by the field 
vane test to the effective stress (d vo) and the plasticity index (Ip) for clays). If the corresponding 
parameters fall between the curves for "young" and "aged'\ the clays are considered norll1ally
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 111arked NC in Figure 1.4 
and over-consolidated soils are corrected according to the curve 111arked OC. 

t 

o~--~----~----~--~----~--~ 

o 40 80 120 

Key 

I curve of Fig. 1.2 
2 lower limit of young clay 
3 upper limit of young clay; lower limit of aged clay 
4 range of normally consolidated clays (NC) 
5 range of over-consolidated clays (Oe) 

Figure 1.3 - Diagram for separating normally-consolidated and over-consolidated clays 

NOTE This example was published by Aas et at. (1986). For additional information see X.3.6 
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Figure 1.4 - Correction factors for normally-consolidated and over-consolidated clays 

NOTE For additional information see X.3.6 

1.5 Example of the determination of the correction factor II based on Atterberg limits and the 
state of consolidation 

(1) This procedure has also been presented in order to take into account the effect of over
consolidation. 

(2) The correction factor (11) for normally-consolidated and slightly over-consolidated clays can be 
determined as 

2:: 0,5 

where 
\VL is the liquid limit (see Figure 1.1). 

(3) In clays with a higher over-consolidation ratio than 1 the following correction factor (Ji) can 
be applied: 

where 

( 
R 

J
-O.15 

OC 
X --

1,3 

Roc is the over-consolidation ratio. 

NOTE This equation stems from Larsson and Ahnberg, (2003). For additional information see X.3.6 
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(4) If the over-consolidation ratio has not been determined, it can be estimated enlpirically from the 
relation Cfv = 0,45 X ),VL x d p• The correction factor (f1) then becolnes: 

0,15 

J.1= @j] 

~NOTE The equation cli' 0,45 x w, x d p stems from Hansbo (1957). For additional information see X.3.6. @j] 
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Annex J 
(Infornlative) 

Flat dilatometer test (DMT) 

(1) This Annex gives an example of correlations between Eoed and DMT results. These correlations 
Inay be used to detennine the value of the one-dimensional tangent nlodulus (Eoed = dd/de) fronl 
results of DMT tests, through: 

in which RM is estinlated either on the basis of local experience or using the following relationships: 

if IOMT S 0,6; then RM = O! 14 + 2,36 Ig KOMT 

if 0,6 < IDMT < 3,0; then RM = RMO + (2,5 RMO) 19 KOMT, in which 
RMO = 0,14 + 0,15 (IDMT - 0,6) 

~ if I DMT ~ 3; then RM = 0,5 + 2 19 Km.1T 

if KDMT > 1 O~ then RM 0,32 + 2,18 19 KDMT 

if values of RM < 0,85 are obtained in the above relationships, RM is taken to be equal to 0,85. 

where 
IDMT is material index from the flat dilatometer index 
KOMT is the horizontal stress index from the flat dilatometer test 

NOTE This example was published by Marchetti (2001). For additional information and design examples, see X.3.7. 
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(1) This is an eXaITIple of deriving the undrained shear strength (eu), which can be obtained using the 
following equation: 

where 
pu is the ultimate contact pressure from the PLT results; 
r x z is the total stress (density times depth) at test level when the test is conducted in a borehole 

with a diameter smaller than three tilnes the diaITIeter or width of the plate~ 
Nc is the bearing capacity factor; for circular plates: 

Nc = 6 (typically for PLT on the subsoil surface); 
Nc = 9 (typically for PLT in boreholes of depths greater than four tin1es the diameter or width 
of the plate). 

NOTE This example was published by Marsland (1972). For additional information and examples, see X.3.8. 

K.2 Example of deriving the value of the plate settlenlent modulus 

(1) This is an example of deriving the plate settlement tTIodulus EpLT (secant modulus). 

(2) For loading tests ITIade at ground level or in an excavation where the bottonl width/diameter is at 
least five times the plate diameter, the plate settlement modulus (EpLT) 111ay be calculated fron1 the 
general equation: 

E -~P nb(l v) 
PLT - X 

~s 4 

where 
t..p is the selected range of applied contact pressure considered; 
~s is the change in total settlement for the conesponding change in the applied contact pressure 

t..p including creep settlelnents; 
b is the diameter of the plate; 
v is Poisson's ratio for the conditions of the test. 

(3) If not determined in other ways, vis equal to 0,5 for undrained conditions in fine soil and 0,3 for 
coarse soil. 
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(4) If the test is made at the base of a borehole, the value of EpLT 111ay be calculated from the 
equation: 

where 

6p rr.b 2. 
EpLT = -x-(l-v )C_ 

6s 4 

is a depth correction factor; it is defined as the ratio of the depth load to settlement of the 
corresponding surface load.; an example for suggested values is given in Figure K.l. 

~ 

+ 
I v = 0,49 

v=0,25 

v = 0,0 

0,6 

o ,5 J-__ -,--__ -,--__ ~-_....---

o 5 10 15 20 

zlb ... 

Figure K.l - Depth correction factor Cz as a function of plate dianleter b and depth z for PLT 
results obtained with a uniform circular load at the base of an unlined shaft @1] 

NOTE This example was published by Burland (1969). For additional information and examples, see X.3.8. 

K.3 Exanlple of deriving the value of coefficient of sub-grade reaction 

(1) This is an example of deriving the coefficient of sub-grade reaction (ks) which may be calculated 
from the equation: 

where 

~p 
k = 

s ~s 

~p is the selected range of applied contact pressure considered; 

~s is the change in settlelnent for the corresponding change in applied contact pressure ~p 
including creep settlen1ents. 

(2) The dinlensions of the loading plate should be stated, when calculating values of k,. 

NOTE This example was published by Bergdahl (1993). For additional information see X.3.8. 
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K.4 Example of a method to calculate the settlement of spread foundations in sand 

(1) This is an example of deriving settlenlents directly. The settlenlents of a footing in sand may be 
derived empirically according to the relations given in Figure K.3, if the ground beneath the footing 
to a depth larger than two till1es the width is the same as the ground beneath the plate (see 
Figure K.2). 
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\ .. ! /1 
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b l width of the test plate 
b width of the foundation 
p is the load 
51 is settlement measured in PLT 

I.J) 

5 is predicted settlement for the footing 
I test plate 
2 footing 
3 influenced zones 

eLl 
b 

I~ -; 

~WA~,11lill1~: 
I \. V) i 
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Figure K.2 - Influenced area beneath a test plate and a footing 
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bib I is width ratio 
sis I is settlement ratio 
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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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Detailed information on preparation of soil specimens for testing 

L.I Introduction 

(1) Detailed procedures are in the scope of CEN/TC 341, based on the test procedures, 
recomnlended by the European Technical Committee 5 on "Laboratory Testing" (ETC 5) of the 
International Society of Soil Mechanics and Geotechnical Engineering. The main requirements are 
given in this annex. 

L.2 Preparation of disturbed soil for testing 

L.2.I Drying of soil 

(1) Normal1y 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: 

oven drying to constant mass in ventilated oven at a temperature of (105 ± 5) °C; 
- oven drying in ventilated oven at a specified temperature less than 100°C (j .e. partial drying, 

since drying at a lower temperature needs not be cOlTIplete)~ 
- air drying (partial) by exposure to air at rOOlTI tenlperature, with or without a fan. 

L.2.2 Disaggregating 

(I) 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. Tn 
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 a way as to avoid crushing of 
individual particles. The action should be no 1110re 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 Mass of disturbed soil for testing 

(1) The minilTIUm masses of disturbed soil required for testing are sumnlarised in Table L.l. Where 
the minimUlTI mass depends on the size of the largest particles present in significant quantity, this is 
related to the minilTIUm mass required for sieving (denoted by "'NIMS") which is given in 
Table L.2. 
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(2) The required 111aSS listed in Table L.l allows for the preparation of one test SpeCill1en, with 
some allowance for wastage but not for the inclusion of over-size particles. When only the fine 
fraction of soil is required for testing, the prepared sample of the original soil should be large 
enough to provide the specified nlass 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. 

Table L.1 - Mass of soil required for tests on disturbed samples 

Test Initial mass I l\IIininlum mass of prepared test specimen i 
required Clay and sHt I Sand Gravelly soH 

Water content At least twice 30 g 100 g D =2 mm- D> 10 mm 
specimen mass 10 mm 0,3 x MMS, 

MMS min 500 g 

Particle density 100 g 109 (particle size < 4 mm) 
Grain size 

Sieving 2xMMS MMS 
Sedi mentation 

Hydrometer 250 g 50 g 100 g 
Pipette 100 g 12 g 30 g 

Consistency limits 500 g 300 g (particle size < 0,4 mm) 
Density index 8 kg a 

Dispersibility 400 g a 

Compaction S NS a 

"Proctor " mould 25 kg 10 kg 

"CBR" mould 80 kg 50 kg 

CBR 6 kg a 

P bT h . ennea I lty a 

Diameter 

100 4 kg 

75 3 kg 

50mm 500 g 

38 mm 250 g 

Notation: 
f) Largest particle diameter in sismificant proportion (lO % or more by dry mass) 
MMS Minimum mass to be taken for sieving (see Table L.2) 
NS Soil panicles not susceptible to crushing 
S Soil particles susceptible to crushing during compaction 
0\ M ass of speci men depends on soil behaviour during test 
1 Permeability specimens with height equal to twice the diameter 

L.2.S Preparation of soil for compaction 

(1) Soi I 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 specinlens 

(1) The method of preparation of test specimens frOln undisturbed sanlples of soil depends on the 
type of sample and the type of specimen to be prepared. 

(2) The approximate 111ass of soil required for typical laboratory test specimens is given in 
Table LA. The stated mass is sufficient for one test specimen with some allowance for wastage due 
to trilnlning. 

L.4 Preparation of re-compacted specimens 

L.4.1 General requirenlents 

(1) Disturbed soil may be re-compacted to f01'111 test specimens in accordance with either of the 
following criteria: 

cOlnpaction using a specified compactive effort at a specified water content; 
- achieving a specified dry density at a specified water content. 

Table L.2 - Minimunt mass for sieving 

Largest particle Minimunl mass 
diameter (D) for sieving (MMS) 

mm kg 

75 120 
63 70 
45 25 

37,5 IS 
31,5 10 
22,4 4 

20 2 
16 1,5 

Largest particle Minimum mass 
diameter (D) for sieving (MMS) 

Olm g 
11,2 600 

10 500 
8 400 

5,6 250 
4 200 

2,8 150 
:::;2 100 
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Table L.3 - Allowable size of particles for compaction tests 

Type of test Maximum size of 
particle 

Compaction in one-litre rnould I 20 mIn 
in CBR mould 37,5 nlm 

CBR determination i 20Inm 

Table L.4 - Mass of soil required for tests on undisturbed sanlples 

Type of test 

Oedometer 

Compression 
-Unconfined 
-Unconsolidated-undrained 
-Triaxial compression test 

Shear box 

Density 
Largest particle size a 

Specimen dimensions 

Diameter 111m Height mIn 

50 20 
75 20 

100 20 

35 70 
38 76 
50 100 
70 140 

100 200 
150 300 

Planar size 
60x60 20 

20 
150 

Minimum mass 
required 

90 
200 
350 

150 
200 
450 

1200 
3500 

12000 

150 
450 

30000 

125 
300 
500 
J,4 (MMS) C 

a D is the particle in or more by mass). 
b Specimen dimensions and minimum required volume apply to all three tests 
c MMS is the minimum mass to be taken for sieving, as specified in Table L.2. 

(2) Clay soil that is to 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 it is 
necessary to add water in order to increase the water content, the water should be well n1ixed 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 renloved before preparing the 
soil for re-compaction. 
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(5) The particle 
compaction. 

distribution of a re-colnpacted speci men should be checked before and after 

Table L.S - Allowable particle size as a function of size of test specimen 

Tvpe of test specimen lVlaximum size of particle 
Oedometer consolidation I HIS a 

Direct shear (shear box) HllO 
Compressi ve strength diS b 

(cylindrical specilnen with Hid of about 2) 
Permeability I d/12 
a H = height of specirnen, 
b d diameter of specimen 

L.4.2 Re-compacted sanlple larger than test specimen 

(1) When preparing specimens for oedOIneter consolidation, direct shear or cOIllpressive strength 
tests, the soil should norn1ally be compacted in the specified manner into a suitable mould that is of 
a larger size than the desired test specimen. The cOll1pacted sample should then be extruded from 
the nlould and the test specimen should be prepared using the procedures described for undisturbed 
smnples. 

NOTE The method is not suitable for granular soil. 

(2) Specimens for pernleability tests ll1ay be cOIupacted directly into the 1110uld or container in 
which the test is perfonned. 

(3) For cOll1paction using a specified effort, the c0111pactive effort applied should normally 
correspond to that used in one of the two types of cOIupaction 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 l11ay either be compacted dynamically or compressed 
under a static load. Weighings and volun1e measurements should be ll1ade after placing each layer 
to ensure that the desired density will be achieved. Preliminary trials may be desirable to establish 
the appropriate ll1ethod. 

(5) If clay is present in the soil, the compacted smuple should be sealed and stored for a curing 
period of at least 24 h before extrusion to forll1 test specill1ens. 

L.4.3 Re-compaction of test specimen 

(1) For the preparation of sn1all test specilllens for direct shear, oedometer or compressive strength, 
the soil should be tamped, kneaded or cOInpacted into the appropriate Inould, ring or tube. A 
suitable hand rmutner, the Harvard compaction apparatus, or a kneading action may be used. Care 
should be taken to avoid the fonnation of cavities within the specilnen. The exact procedure 
required to obtain the desired density or con1pactive effort should first be determined by trial. 
Details should be recorded so that the procedure can be repeated to provide a nun1ber of specill1ens 
of consistent properties. 
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(2) Compaction of cylindrical test specimens of 100 111m diameter or 1110re may be calTied out 
using a compaction rammer. The number of layers and nUlTlber 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 

(I) A re-compacted specimen wi1l invariably be initially unsaturated. Re-saturation wil1 nonl1ally 
be required before testing, and this should be calTied out by using one of the recognised saturation 
111ethods given in the test procedures for shear strength or cOll1pressibi1ity tests. Full saturation 
should be confirnled by checking the B value, if applicable. 

L.4.S 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 1110uld, e.g. by using a tall1ping 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 trinlIned. 

L.S Preparation of reconstituted specimens 

L.S.1 Preparation of slurry 

(1) The soil should be thoroughly mixed with water to form an homogeneous slurry with a water 
content above the liquid liInit. 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 appropriate 
sieve. The mixing water nlay be either distilled or de-ionized, or of the appropriate chemistry. The 
slurry should be fluid enough to be poured; a water content about twice the liquid 1i]11it is usually 
sati sfactory. 

L.S.2 Consolidation 

(1) The cell in which the sal11ple is consolidated shou ld be large enough to provide a test specill1en, 
or a sanlple for trim111ing, to the required size after consolidation. Provision should be I1lade for 
drainage of the saInple, without allowing soil particles to escape. 

(2) After pouring the slurry into the mould, initial consolidation should be applied under the weight 
of the top plate only, until the specil11en 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 nlaintained for long enough to ensure that 
consolidation is substantially complete. 
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(1) The consolidated sample should be extruded from the cell and trilTI1TIed as necessary for the 
preparation of a test specimen or specimens. 

(2) If one-dinlensional consolidation tests are to be performed on the reconstituted soil, they Inay 
be carried out in the cell in which it has been consolidated from slurry. 
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AnnexM 
(Inforll1ati ve) 

Detailed information on tests for classification, identification and description of 
soil 

M.l Checklists for classification testing 

(I) The number of specimens to be tested depends on the variability of the soil and the amount of 
experience with the soil and to a lesser extent than other soil tests on the geotechnical problerll. 
Table M.l 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. 
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Table M.l - Classification tests. Suggested minimum nunlber of samples to be tested in one 
soil stratum 

Classification test Comparable experience 
No Yes 

Particle size distribution 4-6 2-4 
Water content All samples of Quality Class 1 to 3 
Strength index test An samples of Quality Class 1 
Consistency lill1its (Atterberg limits) 3-5 1-3 
Loss on ignition (for organic and clay 1-3 
soil) 
Bulk density Every elelllent test 
Density index I As appropriate 

~ic1e density 2 • I 
bonate content As appropriate 

Sulfate content As appropriate 
pH As appropriate 
Ch loride 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 ll1ethod of samples 

Coordinate testing programme with other classification tests 
Standard oven-drying method not appropriate for gypsum, organic 
soil; precautions lTIay be needed 
Report presence of gypSUlTI, organic soil 
For coarse soil, correction of lTIeasured water content lTIay be 
needed 
Correction needed for saline soil 



Table M.2 (continued) 

Classification test 
Bulk density 

I 

Particle density 

Particle size ana] ysis 

Consistency limits 
(Atterberg limits) 

Density index for 
granular soil 

Soil dispersibility 

Frost susceptibility 

Checklist 
Test method needs to be selected 
Check salnpling and handling methods used 

BS EN 1997-2:2007 
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For large earthwork projects, method may need to be adapted, or 
use field method 
For sands and gravels, correction of n1easured density may be 

..J ..J 1, _____ , 

Sample preparation (oven-drying versus moist specimen) can 
influence results 
Check whether material can have enclosed pores; for such 
n1aterial, special techniques lnight be appropriate 
Report if material has enclosed pores 
If results fall outside the range of typical values, consider 
additional determinations; mineralogy and organic content will 
affect result 
Selection of test method depends on particle size and gradation 
Carbonates and organic 111atter 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 
represen tati veness) 
Selection of test method for liquid limit; several 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 dran1atically, and should be avoided 
in oven 
Soil that oxidise should be tested quickly 
Results need not be reliable for thixotropic soil 
Check storage Inethod of samples 
Select test type to be used 
Results are very dependent on procedure used 
Prepared specimens have high degree of non-unifornlity 
Need to consider specifying different compaction conditions for 
specimens 
Avoid drying of the specllnen before testing 
Need to select test procedures to use 
Need to run classification tests in addition 

NOTE Examples of methods for classification, identification and description of soil are given in the documents 
listed in XA.l. 
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M.2 Water content determination 

M.2.1 Evaluation of test results 

(1) If the water in the soil is saline, the dissolved salts will renlain in the soil after drying and ITIay 
give an incorrect water content result. A more appropriate value may be the fluid content i.e. the 
mass of fluid (water plus salts) per unit n1ass of dry soil. 

(2) For a coarse soil, the water content obtained in the laboratory on a sample for which the 
maximum grain diameter is limited by the sample size, n1ay differ from the in place water content. 
In such a case, the water content should be corrected as a function of the percentage of grains that 
are larger than the n1aximum grain dianleter. 

NOTE 
XA.l.2. 

Examples of methods for determination of the water content of soil are given in the documents listed in 

M.3 Bulk density deterIllination 

M.3.1 Test procedures 

(I) The linear measurenlent method is appropriate for fine soil only. For coarse soil, density can 
normally be determined with sufficient accuracy from in-situ tests, and nlore accurately frOITI 
measurements on a frozen "undisturbed" sample. 

(2) TableM.3 presents a guideline for the minimunl number of tests required for one stratum of 
clay or silty soi1. In the table, a specification of only one test represents a verification of the 
existing knowledge. 

Table M.3 Density tests. Minimun1 nUlItber of soil specimens to be tested for one soil 
stratum 

Variability in measured density Con1parable experience 
None 

I 
Medium Extensive 

Range of measured density 2 0,02 Mg/n1 3 4 
I 

3 2 

Range of measured density::; 0,02 Mg/m 3 3 2 1 

NOTE Examples of methods for determination of the bulk density of soil are given in the documents listed in 
XA.I.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 ck. 

(2) For a coarse soil, the density of dry soil obtained in the laboratory on a sanlple for which the 
maximum grain diameter is limited by the sample size, lTIay differ fron1 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 
grains that are larger than the maXinlUlTI grain dian1eter. 
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(1) The volume of material necessary for the determination of soil particle density is very small 
(lninimull1 of 109 with particle size less than 4 111m). The specimen is usually extracted from a 
specimen used for another laboratory test. 

(2) In porous materials with enclosed pores, the particles only have an apparent density. The 
density of solid material nlay 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 ll1easured in the laboratory using a special technique. 

(3) In the case of soil with organic lnaterials, the laboratory testing should follow special 
procedures. Otherwise, the measured values should be used with caution. 

(4) Modern ll1ethods such as the He-pycnometer may be applied. The methods should be calibrated 
against one of the methods lnore commonly used, for example the methods described in the 
documents listed in XA.IA. 

NOTE Examples of methods for determination of the particle density of soil are given in the doclIments I isted in 
X.4.I.4. 

M.S Particle size analysis 

(1) For coarse soil (predominantly gravel and/or sand sizes), the particle size distribution of soil is 
determined by sieving after washing, and sedill1entation is not usually necessary. For fine soil 
(predoll1inantly 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 sieving and 
sedimentation procedures are used. 

(2) Special care should be taken for tests on clays and organic soil. For exalnple clay particles may 
have a cenlenting which can become irreversible during drying at 105°C, organic matter 
beconles partly oxidised during drying at 105°C. 

(3) Modern methods that incorporate detection systems using X-rays, laser bealns, density 
measurements, and particle counters may also be applied. They should be calibrated against the 
methods suggested in (2). 

NOTE Examples of the methods for the particle size analysis of soil are in the documents listed in XA.I.S. 

M.6 Density index test of granular soil 

(1) The recomlnended mininlull1 number of soil specinlens to be tested for one soil stratum is two 
for the deternlination of the 111aximum density and three for the determination of the minimum 
density. 

NOTE Examples of methods for the determination of the density index of granular soil arc given in the docLlments 
listed in X.4. J .7. 
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M.7 Soil dispersibility determination 

M.7.1 General 

(1) Some natural clayey soils disperse rapidly in slow moving water by colloidal erosion along 
cracks or other flow channels. Such soil is 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 salts in the soil pore water and the eroding water. Dispersive clays are usually high 
sodium content soi1. 

M.7.2 Test procedures for all tests 

(l) 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 recomnlended mininlum nUlnber of soil specimens to be tested for one soil stratum is two 
for the pinhole test, two for the double hydronleter test, two for the soluble salts in pore water test 
and three for the crumb test. The specification of the number of tests to be caITied out should be 
based on engineering judgelnent. 

NOTE of methods for the testing of soil dispcrsibility are givcn in thc documcnts listcd in XA. I .8. 

M.7.3 Pinhole test 

(1) It is reconlmended to follow the literature listed in XA. ] .8, except that: 
- the specimen should be compacted in a Harvard miniature mould at a water content close to the 

plastic limit; 
five layers should be used for the total specinlen height of (38 ± 2) mm; 

- a constant compaction effort on each layer should be applied such that the resulting dry density 
of the sanlple is equal to 95 % of the maxilnum dry density determined in the laboratory fr01n 
standard compaction testes). 

(2) The presentation of the results should include: 
the results of classification tests; 
the density of tested specinlen; 
the water heads used and testing time under each head; 
the flow rates through specimen; 
the cloudiness of flowing fluid at end of 
the hole and shape after test; 
the classification of soil according to standard reference. 

NOTE Examplcs of mcthods for the pinholc tcst are given in the documents listed in XA.l.8 

M. 7.4 Double hydrometer test 

(1) The presentation of the results should include the grain size curves obtained with and without a 
dispersant solution and nlechanical shaking/stirring, and the percentage dispersion. 
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(I) Presentation of the results should include the soil classification as dispersive or non-dispersive 
and detail s on the reagent used. 

NOTE Examples of such classifications are in the documents listed in XA. 1.8. 

M.7.6 Sodium and dissolved salts in saturation extract 

(1) The report should present the exchangeable sodiUln percentage obtained. 

NOTE Examples of test procedures for the determination of soluble salts in the pore water, are in the 
documents listed in XA.l.8. 

M.8 Frost susceptibility determination 

J\i1.8.1 Test procedures 

(1) A sample in its natural state can be obtained unfrozen in soft clayey and silty soil or frozen in 
clay, si 11 and sand (without gravel). If the sanlple size is not directly suitable for testing, the sample 
can be reshaped, if done carefully. 

(2) The sanlple that will be re-compacted can be strongly remoulded as long as the grain size 
distribution has not been modified by the sampling operation. 

(3) The dianleter of a specimen in its natural state should be at least five tinles the maximum grain 
and no less than 75 mm. For a reconstituted specimen, a minimum diameter of 100 mnl 

should be used. 

(4) Both natural specimens and reconstituted specimens may be saturated with back-pressure prior 
to the frost heave test. 

(5) If a CBR test is needed, the test should be carried out on a specimen cOl1lpacted at a water 
content close to the optilnum water content, as determined from the compaction curve of a 
compaction test. 

(6) Generally 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 c0111pactive force. 

NOTE Examples of test procedures for the determination of frost susceptibility of soil and evaluations based on 
index tesLs are in the documcJl[s listed in XA.l.9 and X.5. 

M.8.2 Evaluation of test results 

(1) A soil is deenled to be frost-susceptible if it exhibits segregational heaving in the frost heave 
test in the laboratory. 
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(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 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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Detailed information on chemical testing of soil 

N.I 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 geotechnical laboratories. Chen1ical tests for the presence of other substances 
should nonna11y be performed by a specialist chemical laboratory. 

(2) One hundred grams of dry soil is sufficient for most chelnical testing. Usually a much larger 
sample of dried soil will be required at the outset, but a very small san1ple of dried soil is required 
for the specific testing. Thorough mixing of the initial sample, and correct sub-dividing procedures, 
are essential. 

(3) Storage temperature before testing n1ay influence the biological degradation of organic matter. 
Whenever possible, the san1ple material for chemical tests should be kept at a temperature of 5 °C 
to 10°C. 

(4) Most test Inethods include a calibration routine using "blind" samples and reference samples. 
Electrochemical methods like pH have well defined calibration schen1es with a number of 
solutions with known pH. 

(5) Special i'equirements 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 dealt with are given in the documents listed in XA.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, sulfate content, pH value and chloride content can vary widely even within a 
geological stratum. Multiple tests on closely-spaced salnples may be necessary to define the local 
variability. 

N.2 Organic content determination 

N.2.1 Test procedures 

(1) The loss on ignition is nonnally detennined on a representati ve sample of the soil finer than 
2 Inm as the Inass lost by ignition of a prepared specimen at the specified ten1perature. The organic 
content is calculated on the assumption that the organic mass is totally burned by the ignition, and 
that the mass loss is only due to the ignition of the organic matter. 
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(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 major 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 XA.2.2 specify a drying 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 tenlperature specified in the examples referred 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 tenlperatures 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 disintegrates at froln about 65°C; 
su Ifide may oxidise, and carbonates disintegrate, in the range 650°C to 900 °C. 

For most purposes, an ignition temperature of 500 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 ignition is less than 3 h, the report ShOll ld document that constant mass 
was confirmed by repeated weighing. 

NOTE Examples of lest procedures for the determination of organic content are given in the documents listed in 
XA.2.2. 

N.2.2 Evaluation of test results 

(l) 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 Ineasurelnent of the content of organic 
carbon, by which the errors in the loss on ignition method can be avoided. 

N.3 Carbonate content determination 

N.3.1 Test procedures 

(l) Examples of test procedures for the determination of carbonate content are given in the 
documents listed in XA.2.3. For the purpose of this standard, the rapid titration Inethod is the 
preferred procedure. This method should give results that are accurate enough for soil, provided 
that care is taken to ensure that the dissolution process is finalised, and that sufficient duplicate 
tests are performed. 

(2) Other exmnples given in the documents listed in XA.2.3 determine the carbonate content by 
measuring the liberated carbon dioxide (C02) in a gasometer under controlled tenlperature and 
atmospheric pressure. 
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(1) The carbonate content in percentage carbonate in the sample is expressed as the amount of 
CO2. This is fornlally correct but ilnpractical for design. The results may be given in equivalent 
calcium carbonate CaCO], i.e. the carbonate C0111position for most soil types. The amount of 
equivalent CaC03 is obtained from the anl0l1l1t of CO2 by the equation: 

CaC03 = 2,273 • CO2 

where 
CaC03 

CO2 

is the CaCO] content as percentage of dry weight; 
is the CO2 content as percentage of dry weight. 

N.4 Sulfate content determination 

N.4.1 Test Procedures 

(1) The gravilnetric method for analysis of acid or water extract or groundwater, mentioned here is 
suggested as the prefelTed one, unless it can be shown by parallel analysis that an alternative 
Inethod has equal or better accuracy. 

(2) The crystalline form of calcium sulfate, gypsUln (CaS04 • 2H20) should be dried out at a 
teJnperature of 50°C. Gypsum-bearing samples begin to lose their water of crystallisation at 
tenlperatures higher than about 65°C, which can give rise to erroneously high measured water 
contents. 

(3) The relationship between SO/- and 
contents expressed as a percentage. 

is given by SO/- = 1,2 SO/-, with SO/- and sol-

NOTE Examples of test ...,1·n,,,t:>rI'il1·AC for the determination of sulfate content are given in the documents listed in 
X.4.2.4. 

N.4.2 Evaluation of test results 

(l) The interpretation should consider that the solubility of calcium sulfate in water is Jow, but in 
geological time, appreciable quantities can dissolve as occurs, for exanlple, in karstic fOrInations. 
Particular care is needed when results are 111arginal with respect to classification categories. 

(2) The presence of certain other substances (notably sulfides and sesqioxides) can affect the 
chemical reactions, which then influence the test results. Sulfides in soil can oxidise in the long 
ternl to produce additional sulfates. 
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N.S pH value determination (acidity and alkalinity) 

N.S.l Test procedures 

(1) Several methods are available for determining values of pH. Of these, the electrometric 
method, which gives a direct reading of pH either in a prepared suspension of soiJ or in 
groundwater, is recommended as the definitive method. 

N.S.2 Evaluation of test results 

(1) Erroneous test resu Its 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 instrmnent is not in use~ 
failure to allow the pH meter to reach a stable condition before taking pH readings; 

- contamination due to inadequate washing of containers for sampling groundwater. 

NOTE 
XA.2.S. 

Examples of test procedure for the determination of the value are given in the documents listed in 

N.6 Chloride content determination 

N.6.1 Test procedures 

(I) Procedures for detern1ination of chloride content include: 
Mohr's method for water-soluble chlorides; 
Volhard's method for acid-soluble or water-soluble chlorides; 
electrochemical procedures. 

(2) The first two methods make use of the exchange reaction between the chlorides and silver 
nitrate, but different methods of analysis are used. Both 111ethods require careful observation and 
weighing. The third method is based on the lneasurement of conductivity in dilutions of the san1ple 
with known water content. 

(3) The presence of chlorides can be confirmed frOln a quick qualitative test: take about 5 Inl of 
filtered groundwater, or of I: 1 soil-water extract, in a test-tube. If this is highly alkaline (pH 1 
14), add a few drops of nitric acid to acidify it. Add a few drops of 1 silver nitrate solution. 
Appreciable turbidity indicates that chlorides are present in a measurable quantity, which can be 
detennined 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 1 1990 and of the method given in BS 812-118: 1988 for rnineral 

'-''- .... \.'-'c,. 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 ll1ethod, the test solution and a blank for comparison are each titrated with 0,02 N 
sil vel' nitrate solution, potassium chromate being used as an indicator. This method is preferable for 
determining chlorides in groundwater. 

160 



NOTE Examples of test procedures are given in the documents listed in XA.2.6. 

N.6.2 Evaluation of'test results 

BS EN 1997-2:2007 
EN 1997-2:2007 (E) 

(1) The theoretical relationship between salinity expressed as sodiun1 chloride content and chloride 
content need not hold due to the very lTIobile nature of the chloride anion. 
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AnnexO 
(Informative) 

Detailed infornlation on strength index testing of soil 

(I) Table 0.1 suggests a summary checklist on the test procedures for the strength index tests for 
soil included in this standard. 

Table 0.1 - Checklist for strength index tests on clayey soil 

Strength index test Checklist 
Any strength index Tests provide approximate index of shear strength 
test 

There is a large uncertainty in the 111easurenlents 
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 provides in addition a l11easure of sensitivity and remoulded shear 
strength 
Check mode of rotation (hand-operated versus nlotorlsed) 
Tests can be performed on extruded samples or in sa111pling tube 

Fall cone Test can be perfornled on extruded samples or in saIllpling tube on 
intact material. This can be supple111ented with a test on remoulded 
material to establish the sensitivity i.e. the ratio between intact and 
rellloulded strength data 
Provides in addition a measure of sensitivity on rel110ulded specil11en 
Check wear on tip of cone 
Check tip cone angle 

NOTE Examples of test procedures for the laboratory vane and fall cone strength index tests are in the 
documents listed in X.4.3. 
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AnnexP 
(Informati ve) 

Detailed infornlation on strength testing of soil 

P.I Triaxial compression tests 

P.1.1 Nunlber of tests 

(]) Table P.I gives guidelines for the minimum nUlnber 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 is run to provide a verification of existing knowledge. If the new test results do 
not agree with the existing data, nlore tests should be run. 

(2) The number of tests lnay be reduced if shear stress data are available fro111 other testing 
methods, for example, field tests. 

NOTE Examples of test procedures for the triaxial compression tests are given in X.4.4. 

Table P.I - Triaxial compression tests. Recommended minimun1 number of tests for one soil 
stratum 

Recommended nun1ber of tests to determine the effective angle of shearing 
resistance a 

Variability in strength envelope Comparable experience 
Coefficient of correlation r on regression curve None I Medium I Extensive 

r ~ 0,95 4 I 3 2 

0,95 « r ~ 0,98 3 I 2 1 

r ~ 0,98 2 I I I I 

Recommended nun1ber of tests to deternline the undrained shear strength a 

Variability in undrained shear strength Comparable experience 

(for same consolidation stress) None I Medium Extensive 

Ratio max/min values> 2 6 I 4 3 
1,25 < Ratio max/n1in value ~ 2 4 J 3 2 
Ratio Inaxhnin value ~ 1,25 3 I 2 1 
a 

One recommended test means a set of three individual specimens tested at different cell pressures. 

P.1.2 Evaluation of test results 

(1) In addition to a factual evaluation, the undrained shear strength should be checked against 
correlations with the soil type, plasticity index, etc. The undrained shear strength evaluations 
should be related 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 
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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. 

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 
a distinct rupture plane is expected to develop or when the strength characteristics of an interface 
are to be determined. 

(2) C01TIparative studies show that the test results of direct (translational) shear box and ring shear 
box tests are in good agreement. The preparation of the specimen is 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 in the ring 
shear apparatus than in the translational shear box apparatus. 

(3) Twice as much lTIaterial as needed for the number of specjmens 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 minilTIUnl number of tests required as a 
function of the variability of the soil and existing comparable experience with the type of soil. The 
recoll1111endation applies to the case when direct shear tests are used alone to determine the shear 
strength of a soj I stratUlTI. 

Table P.2 - Direct shear tests. Recommended 111inin1um nunlher of tests for one soil stratum 

Recommended nun1her of' tests a 

Variability in strength envelope C01TIparable 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 b 

a 
One recommended test means a set of three individual specimens tested at different normal stresses. 

b 
A test and classification tests to compatibility with comparable experience. If the test 
results do nOl agree with the existing: data. additional tests should be run. 
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Annex Q 
(Informative) 

Detailed information on compressibility testing of soil 

Q.l Number of tests 

(1) For a soil stratunl which contributes significantly to the settlement of a structure, Table Q.I 
gives a guideline for the Inininlum nUlnber 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 nunlber of specimens tested should be increased if the structure is very sensitive to 
settlements. In Table Q.I, 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.l - Incremental oedometer test. Recomnlended minimum nUlnber of tests for one 
soil stratum 

Variability in oedometer modulus Eoed Comparable experience 
(in the relevant stress range) None IVIedium Extensive 

Range of val ues of Eoed ~ 50 % 4 3 
~20 < Range of values of Eoed < ~50 % 3 2 

Range of values of Eoed < ~20 % 2 2 
a One oedometer test and classification tests to verify compatibility with comparable knowledge 

_(see Q.! (2). 

Q.2 Evaluation of conlpressibility characteristics 

(1) There are four widely used methods to determine the compressibility of a soil: 

back-calculations of measured settlelnents; 
- elnpirical evaluation of indirect in-situ investigations such as soundings; 

Ineasurenlents by in-situ tests, such as plate load and pressurenleter tests; 
compression tests with soil san1ples in the laboratory. 

2 

2 
I a 

(2) Back-calculation fron1 111easured settlements under comparable stresses can be a reliable 
Inethod 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 elnpirically, 1110st often based on conlparable 
experience. In cases where sands, coarser soil, silts and clays are expected, a combination of field 
and laboratory methods is desirable. Laboratory con1pressibility tests are 1110st reliable for fine and 
organic soil, when quality class 1 satnples are relatively easy to obtain. 

NOTE Examples of test procedures are given in the documents listed in X.4.S. 
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Annex R 
(Informative) 

Detailed information on compaction testing of soil 

R.t Test procedures applicable to both test types 

(I) The minimum number of soil specimens to be tested for one soil stratum is three. The nUlnber 
of tests specified should be based on engineering judgement. 

(2) The nU111ber of tests to be carried out should be selected considering the variation of the particle 
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 in the documents listed in XA.6. 

R.2 Requirements specific to conlpaction tests 

(1) The most frequently used compaction tests are the Standard and the Modified (Proctor) 
Compaction Tests. 

(2) Some high1 y pern1eable soils such as clean gravels, uniformly graded and coarse clean sands do 
not yield a well defined maximum density. Therefore optimun1 water content might be difficult to 
obtain. 

(3) For stiff fine soil, suggested methods are to shred the soil so that it can pass through a 5 mm 
test sieve, or to chop it into pieces to pass through a 20 n11n test sieve. 

(4) For stiff fine soil which needs to be shredded or chopped into smalllulnps, the results of a 
cOlnpaction tests depend on the 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 saInple may be used for testing. The sample can 
be used several times after increasing progressively the amount of water. The departure from the 
C0111n10n procedure shou Id 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 Requirenlents specific to California Bearing Ratio (CBR) test 

(1) In-situ tests may be carried out, but the laboratory test is the definiti ve procedure. 

(2) may be carried out on either undisturbed or re-cOlTIpacted n1ateria1. 

(3) The moisture content of the soil should be chosen to represent the design conditions for which 
the test results are required. 
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(4) The CBR test should be carried out on material passing through the 20 Inn1 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 mIn sieve is greater than 25 % 
by mass of the fraction passing through the 20 mm sieve, the CBR test is not applicable. 

(5) Where a range of water contents is to be investigated, water should be added to or removed 
from the natural soil after disaggregation. The salnple 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 pernleability testing of soil 

S.l Test procedures 

(1) Twice as much material as needed for the nUlnber of speciTnens to be tested should be taken 
frOIn the stratum. 

(2) The specimens to be tested should be selected to represent the extrelnes in relevant soil 
properties, i.e. composition, density index, void ratio, etc. 

(3) As a guideline, 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 penneability test should be considered. 

NOTE Exarnples of procedures for testing the permeability of soil arc given in the documents listed in XA.7. 

S.2 Nunlber of tests 

(I) Table S. I gives a guideline for the n1inimum nUll1ber of tests required as function of the 
variability of the soil and existing cOInparable experience with the type of soil. 

Table S.l - Permeability tests. Recommended minimum number of soil specimens to be 
tested for one soil strattun. 

Variability in Comparable experience 
measured coefficient of penneability (k) None 1Vledium I Extensive 

kmaJkmin> 100 5 4 I 3 

10 < kmaJkrnin ~ 100 5 3 
I 

2 

kmaJkmin ~ 10 3 2 
i 

1;) 

a 
A single test and classification tests to verify compatibility with existing knowledge. 

(2) In Table S.l, 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 

(l) There are four widely used methods to detern1ine the coefficient of penneability (hydraulic 
conductivity): 

field tests, such as pU111ping and borehole permeabil1ty tests; 
empirical correlations with grain size distribution; 

- evaluation fro111 an oedoll1eter test; 

- permeability tests on soil specimens in the laboratory. 
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The evaluation of the coefficient of penneability can be optinlised by a cOlllbinatioll of these 
111ethods. 

(2) Even in a honl0geneous soil stratUln, there can be a large variation in the coefficient of 
permeability due to small changes in stresses, void ratio, structure, particle size and bedding. The 
nlost reliable method to obtain a value of the coefficient of permeability is a field testing lllethod. 

(3) Even in a homogeneous soil stratum, the coefficient of permeability of a soil layer should be 
described by upper and lower limit values. 

(4) For silts and clays, the derivation of the coefficient of permeability from incremental oedonleter 
test results only gives an approximate estimate. Constant rate of strain oedOIneter tests provide a 
more direct lneasure of the penneability. 

(5) In homogeneous sand, the coefficient of pernleability 111ay be assessed in a reasonably accurate 
manner froIn correlations with the grain size distribution. 

(6) For clay, silt and organic soil where undisturbed samples of high quality can be obtained, 
laboratory tests lnay give reliable test results. The representativeness of the specinlens tested 
should be carefully checked. 

(7) For S0I11e types of soil, the degree of saturation may influence the coefficient of penneability up 
to as much as three orders of magnitude. 

(8) The chenlistry of the penneant may change the coefficient of permeability by several orders of 
magnitude. 
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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 docUlnent listed in XA.S. In the following 
paragraphs, extracts of, and comments on, these docunlents are given. 

(3) It is not 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 
celnented rock types and rock types containing structural features. 

(4) All instruments and assemblies for determining straightness, flatness and perpendicularity of 
end surfaces should be controlled on a registered regular time basis 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 using rotary 
drilling techniques can be used with or without re-coring after a trim111ing of the end bearing 
surfaces. Blocks collected directly from a rock fonnation may also be used, if the orientation of the 
block is clearly indicated on the sa111ple that will be used for re-coring the test specimens. 

(6) The required sample volume depends on the test programme. For nlany purposes, samples 
300 111m to 1000 mOl long with a dialneter greater than 50 mnl 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 
material. The initial 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. 

(S) Selection of test specimens from zones of the core without fractures may lead to 110n
representativeness of the test specimens for the fonnation. This should be taken into account in the 
reporting. 

(9) For weaker rocks (sedimentary rocks), the saInple 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 fron1 the core barreL Even a short exposure TIlay change the water content 
and the inherent properties of the rock. 
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Annex U 
(Informative) 

Classification testing of rock material 

U.I 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 Ininilnised since most rock quality designations relate to the fractures found in 
the cores. 

(2) Most classification systems relate to cores and rotary drilling salnples with a sample diameter 
of at least 50 mIn. For most tests, a non-fractured core length of 50 111m to 200 111m 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 Class(ficatiol1, X.5). 

U.2 Rock identification and description 

(1) EN ISO 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 a traceable reference. 

NOTE Examples of additional description procedures are given in the documents listed in X.4.9.1. 

U.3 Water content 

U.3.1 Test procedures 

(1) 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 Nunlber of tests 

(1) In general, the water content should be taken at least one per 111etre of core. 

U.4 Density and porosity 

U.4.1 Test procedures 
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(1) The determination of the porosity (or void ratio) calls for a deternlination of the density of solid 
particles (or an estimate of it based on local experience with sinlilar rock type). 

(2) The existence of closed pores may influence the porosity. Determination of the total pore 
volume Inay be based on the density of solids of a powdered smnple, however the detennination of 
the anlount of open and closed pores calls for specialised analysis. 

(3) Methods using lnercury displacement should be avoided. 

NOTE Examples of test procedure are given in the documents listed in XA.9.3. 

U.4.2 Number of tests 

(I) The density and porosity should be determined once at least every two metres, and at least once 
for each differentiated rock type unit, regardless of the rock homogeneity. The density/porosity 
paranleters represent part of the framework for lTIOst evaluations of rock strength and deformation 
properties. 
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V.I General 

Annex V 
(Informative) 

Swelling testing of rock material 

(1) Undisturbed rock specilnens should preferably be tested where possible, since rock fabric has 
an ilnportant effect on swelling characteristics. Where the sample is too weak or too broken to 
allow preparation, such as joint filllnaterial, the swelling index tests may be carried out on 
remoulded and re-compacted specinlens. The procedures used should then be described in the 
report. 

(2) Table V.l gives a guideline for the minimum number of swelling tests required for different 
specimen dimensions. The suggestions apply for sites with a limited risk of occurrence of swelling 
rock types. For sites with rock types more likely to be subject to swelling, the number of tests 
should increased to at least the double of the nunlbers given in the table. Other advanced tests 
may be better suited to determine the in-situ swelling performance. 

NOTE Examples of tests for swelling of rocks are given in the documents listed in XA.l O. 

Table V.I - SweJling tests on rocks. Reconlmended n1inimum nUlTlber of rock specinlens to 
be tested in one formation 

Test type Minimun1 Minimum Minimum Notes 
thickness diameter number of 

test specimens 
(1) 
Swelling pressure IS Inm and/or 2,5 times 3 Specimen 
index under zero 10 times max thickness should fit 
volume change particle size closely in the 

ring 
(2) 
Swelling strain index 15 nlm and/or 4 tinles 3 + duplicate Specimen 
for radially confined 10 tilnes lnax thickness specimens for should fit 
specimen with axial particle size water content closely in the 
surcharge ring 
(3) 
Swelling strain 15 mIn and/or 15 nlm and/or 3 + duplicate -

developed in lOti nles max 10 times nlax specimens for 
unconfined rock particle size particle water content 
specimen 

V.2 Swelling pressure index under zero volume change 

(1) The 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. 
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NOTE An example of a test for the swelling pressure index under zero volume 
listed in XA.l 0.1. 

is given in the document 

V.3 Swelling strain index for radially-confined specimen with axial surcharge 

(1) The exanlple specifies a loading device capable of applying a sustained pressure of 5 kPa to the 
specinlen under water flooding. However, nl0re appropriate to represent the field, may be 
specified. The report and any evaluation should include description of any such procedural 
deviations. 

NOTE An example of a test for strain developed in an unconfined rock specimen is given in the document 
listed in XA.I 0.2. 

V.4 Swelling strain developed in unconfined rock specimen 

NOTE An example of tests for swelling strain developed in an unconfined rock specimen is given in the document 
listed in XA.l 0.3. 
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AnnexW 
(InforInati ve) 

Strength testing of rock material 

W.l Uniaxial compressive strength and deformability 

W.1.1 Test procedures 

(l) It is recommended to follow the methods of the ISRM or ASTM, as examples for uniaxial 
compressive strength testing and deformability testing. In addition the modifications prescribed in 
W.l n1ay be used. 

NOTE See X.4.1 1.1 

(2) The test procedure described in ISRM contains two levels of testing: 
Part 1: Method for detennining the uniaxial compressive strength of rock materials; 

- Part 2: Method for detennining deformability of the rock materials in c0l11pression. 

(3) The first method provides the compressive strength, the second method gives in addition the 
axial deformation Inodulus (Young's modulus) and Poisson's ratio. The second method is 
preferred. 

(4) The procedures suggested by the reference ISRM are extrelneiy difficult to conform to, 
especially with respect to saInple preparation and geometrical tolerances. The practice 
recol11mended in this informative annex is less strict. Although the procedures recon1mended by 
ISRM are desirable, a set of minimum requirements is given herein. It is considered more 
important to run a greater nUlnber of tests than fewer tests on higher quality specilllens. 

(5) The following amendments should be made to the ISRM procedure. 

- The diameter of the platens should be between D and (D + 10) 111m, where D is the 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) mIn. Special provisions are required to centre the 
specimen properl y. 

At least one of the two end platens should incorporate a spherical seat. 

- Test specimens should be right circular cylinders having a height to diameter ratio between 2 
and 3 and a diameter not less than 50 111m. The diameter of the specimen related to the largest 
grain in the rock may in the case of weak rock be as low as 6: 1. However, a ratio of 10: 1 is 
preferred. 

The ends of the specinlen should be flat within 0,02 of the specimen dianleter and should not 
depart from perpendicularity to the axis of the specinlen by more than 0,1 0

• 

The use of capping materials or end surface treatments 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 mm or 
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 nleasurements 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. Measurement of vertical strain over the whole specinlen height is allowed 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 tinle for such should excluded from the before-
mentioned time period. 

The machine to be used for applying and measuring axial load to the specinlen 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 nlay include bedding of the specimen ends to the compression machine 
and/or closure or micro-cracks in the test specimen. Measurenlent of the total vertical deformations 
by using only the distance between the two steel platens of the l1lachine nlay lead to false 
deformation properties. 

W.1.2 N urn ber of tests 

(l) The characteristics of rock may vary greatly as function of lithology, diagenesis or induration, 
stress history, weathering, and other natural processes, even within a geological stratum. Table W.l 
gives a guideline for the minimum number of uniaxial compressive tests as a function of the 
variability of the rock and existing comparable experience. 
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Table W.l - Uniaxial compression tests. Recommended minimum nUlnber of test specimens 
to be tested for one formation, Brazil tests and triaxial tests 

Standard deviation of measured Comparable experience 
strength, (s) 

of mean None IVIedium Extensive 

s> 50 6 4 2 
20 < s < 50 3 2 1 

s< 20 2 1 OU 
a 

Only valid for very homogeneous rock lypes with extensive experience from nearby locations. 



W.2 Point load test 

W.2.1 Test procedures 
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(1) It is recomnlended to follow the method of ISRM as an example of a procedure for the point 
load test 

NOTE See XA.l1.2. 

(2) The test can be run with portable equipment or using a laboratory testing equipnlent, and may 
be conducted either in the field or in the laboratory. 

(3) Rock specimens in the form of either core (the diametrical and axial tests), cut blocks (the 
block test), or irregular lunlps (the irregular lump test) may be used for testing provided the 
reference (for instance ISRM) specifications of shape and dilnensions are followed. 

W.2.2 Number of tests 

(1) The lnean value of the Point Load Strength Index is used to classify samples or strata. To get a 
representative mean value, the nlinimum nUlnber 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. Generally, at least 10 separate tests per stratum should be 
carried out. 

W.3 Direct shear test 

W.3.1 Test procedures 

(1) It is reco111mended to follow the Inethod of ISRM as an eXalnple for the direct shear test. 

NOTE See XA.l 1.3. 

(2) The following amendnlents Inay be recommended to the ISRM procedure. 

The testing machine should have a travel 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 111easured during the test with the same accuracy as the 
shear displacements. 

The rate of shear displacement should be less than 0,1 mn1/min in the 10 min period before 
taking a set of readings. If automatic data logging is used, there may be no need for a reduction 
of the rate of shear displacelnents to 0,1 Inm/min. 

The specimen should be reconsolidated under each new nonnal stress, and shearing continued 
according to criteria given 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. 
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(3) The direct shear strength ll1ay also be determined by field tests. This requires a detailed 
assessment of the field characteristics of the discontinuities. 

(4) The results are utilised in, for example, equilibriu111 analysis of slope stability problelns or for 
the stability analysis of dam foundations, tunnels and underground openings. 

(5) Rock specimens in the forn1 of either cores or cut blocks 111ay be used. The test plane should 
preferably have a Ininimum area of 2 500 mm2

• In case of unfilled joints, the diameter or the edge 
(in the case of a square cross-section) of test specilnens should preferably be related to the size of 
the largest grain in the rock by a ratio of at least 10: 1. The ratio between joint length and shear box 
size is recomnlended not to be less than about 0,5 to avoid possible instability problems of the 
shear apparatus. 

(6) Equipment for cutting the specimen, for exmnple a large-diameter core drill or rock saw should 
be used. Percussive drills, hamn1ers 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 a joint, plane of 
bedding, schistosity or cleavage, or with the intelface between soil and rock or concrete and rock. 

W.3.2 Number of tests 

(1) A shear strength determination should preferably cOinprise at least five tests on the sanle test 
horizon or from the sanle joint fanlily, with each specilnen tested at a different but constant normal 
stress in the applicable stress range. 

W.4 Brazil test 

W.4.1 Test procedures 

(1) It is recommended to follow the method of ISRM as an example for the Brazil test. 

NOTE See X.4.1 1.4. 

(2) Test specimens should be cut with specimen diameters (D) not less than the core size, 
(D ::::: 54 111m), with a thickness approximately equal to the specilnen radius. The cylindrical surface 
should be free from obvious tool marks. Any irregularities across the thickness of the specilnen 
should not exceed 0,025 mm. End faces should be flat within 0,25 mm and paral1el to within 0,25°. 

(3) For shale and other anisotropic rock, it is reconlmended 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.l gives a guideline for the minimum number of Brazil tests as a function of the 
variability of the rock and existing cOlnparable experience. For rock characterisation and 
predictions of other strength parameters a higher number of tests is necessary. 
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(1) It is recomnlended to follow the method of ISRM as an example for the triaxial cOlnpression 
test. 

NOTE See XA.l 1.5. 

(2) Test specimens should be cut with specimen diameter (D) not less than the core size, 
(D :0:.: 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. 

W.S.2 Number of tests 

(1) Tab 1e W.l gives a guideline for the minimum number of triaxial compression tests as a 
function of the variability of the rock and existing cOlnparable experience. For rock 
characterisation and predictions of other strength parameters a higher nunlber of tests is necessary. 
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(Informati ve) 
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test5/ 

SN 670 335: 1960, Versuche; Rawngeyvicht; Sandersatz-Methode / Essais; Poids specifique 
apparent; Methode dl! sable 

SS 027] ] 4: 1989, Geotechnical tests Bulk density 

X.4.1.4ParticIe density determination 

CEN ISO/TS 17892-3, Geotechnical investigation and testing Laboratory testing of soil 
Part 3: Determination of density of soil particles 

DIN 18 124: 1997 Soil, investigation and testing - Detennination of density (~lsolid particles 
Capillcuy pyknometer, It'ide mouth pyknometer 

NF P 94-054: 1991 , Sols: Reconnaissance et Essais Detennination de la masse volwnique des 
partieules solides des sols Methode du pycnometre if eau 

BS 1377-2: 1990, Methods (~f test for soil for civil engineering purposes - Part 2: Class{fication 
te.')'ts 

SN 670 335: 1960, Versuche; Raumgewicht; Sandersatz-Methode / Essais; Poids specijique 
apparent; Methode du sable 
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ASTM D854-02, Test Method for Specijic Gravity of Soils 

ASTM D4404:84 (1998), Determination of pore volume and pore volurne distribution of soil and 
rock by mercury intrusion poros'imetlY 

SS 0271 15: 1989, Geotechnical tests Grain density and ,)1Jecijic gravity 

X.4.1.S Particle size analysis 

CEN ISOrrS 17892-4, Geotechnical investigation and testing - Laboratory te.s'ting (d'soil
Part 4: Detenninatioll of particle size dL),tribution 

DIN 18 123: 1996, Soil, investigation and testing Detennination (~f grain-size distribution 

NF P 94-056: 1996, Sols: Reconnaissance et Essais - Analyse granulometrique - Methode par 
talnisage a sec apres lavage (in French) 

XP P 94-041: 1995, Sols.' Reconnaissance et Essai.'}' - Ident(fication granulol1uitrique Methode de 
tamisage par voie hwnide (in French) 

BS 1377-2: 1990, Methods of test for soil for civil engineering pllllJoses Part 2: Class(fication 
tests; Subclause 9.2 Wet sieving nlethod 

BS 1377-2: 1990, Methods of test for soil for civil engineering purposes Part 2: Class(fication 
tests; Subclause 9.5 Sedimentation by the hydronleter method 

BS 1377-2: 1990, Methods of test for soil for civil engineering pllfposes - Part 2: Class(fication 
tests; Subclause 9.4 Sedimentation by pipette method 

SN 670 81 Oc: 1986, Granulats mineral/X et sols; Analyse granuiometrique par tamisage / 
Mineralische Baustoffe ul1d Lockergesteine; Siebanalyse 

SN 670 816: 1964, Materiaux pierreux; SedbnentOlnetrie par la methode de l'areometre / 
Gesteinsmaterialien; Schliinunversuch l1ach der Araeometermethode 

ASTM D2217-85 (1998), Wet preparation ofs samples for particle 
detennination of soil constants 

ASTM D422-63 (1998), Test I1zethod for particle size analysis of soil 

analysis and 

SS 0271 23: 1992, Geotechnical tests -Particle size distribution - sieving 

SS 0271 24:] 992, Geotechnical tests -Particle 
method 

distribution - sedinlentatiorl, hydronleter 

X.4.1.6 Consistency (Atterberg) limits deternlination 

ISO/TS 17892-12, Geotechnical investigation and testing Laboratory testing (~f soil 
Part 12: Atterberg linzits 
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DIN 18 1 1997, Soil, investigation and testing Consistency linlits Part 1: Determination (~f liquid 
limit and plastic limit 

NF P 94-051: 1993, Soils. Investigation and testing. Detenninatiol1 (~fAtterberg's limits. Liquid 
limit te,s't lIsillg Casagrande apparatus. Plastic limit test on rolled thread 

NF P94-052-1 : 1995, Sols: Reconnaissance et Essais Determination des limites d'Atterberg -
Partie 1 : Limite de liquidite Methode da c{)ne de pbuitration 

BS 1377-2: 1990, Methods oftecs'tfor soilfor civil engineering Plll1Jo,s'es - Part 2: Classification 
tests; Clause 4 Detennination of the liquid limit 

BS 1 1990, Methods oftestfor soilfor civil engineering purposes Part 2: Classification 
tests; Clause 5 Determination of the plastic lilnit and plasticity index 

SN 670345: 1959, Essais; Limites de consistance / Versllche; Konsistenzgrenzen 

SS 0271 20: 1990, Geotechnical tests - Cone liquid limit 

SS 0271 21: 1990, Geotechnical tests - Pla,ytic limit 

X.4.1.7 Determination of the density index of granular soil 

BS 1377-4:] 990, Methods (~f testfor soil for civil engineering purposes - Part 4: Compaction 
related tests; Clause 4 Deternlination of Illaxinlunl and mininlulll dry densities for granular soils 

NF P 94-059:2000, Sols: Reconnaissance et Essais Detenninatiotl des masses volunziques 
minimale et lnaxilnale des sols non coherents 

X.4.1.8 Soil dispersibility determination 

BS 1377-5: 1990, Methods of test for soil for civil engineering purposes - Part 5: Compressibility, 
permeability and durability tests; Clause 6 DeterIllination of dispersibility 

X.4.1.9 Frost susceptibility determination 

SN 670 321: 1994, Essais sur les sols - Essai de gonjZement au gel et essai CBR apres degel/ 
Versllche an B6den - Frosthebungsversllch und CBR- Versllch nach den1 Allftauen 

BS ] 377 -5: 1990, Methods (~f testfor soil for civil engineering purposes - Part 5: Cornpressibility, 
penneability and durability tests; Clause 7 Determination of frost heave 

X.4.2 Chemical testing of soil and groundwater 

X.4.2.1 General 
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BSI377-3: 1990, Methods of test for soilfor civil engineering purposes Part 3: Chemical and 
electrochemical tests 

X.4.2.2 Organic content determination 

BS 1377-3: 1990, Methods qftestfor soilfor civil engineering pW]Joses Part 3: Chemical and 
electrochemical tests; Clause 4 Determination of the mass loss on ignition or an equiva1ent method 

ASTM D2974: 1987, Test method5,'for moisture, ash, and organic matter of peat and other organic 
soils 

NF P 94-055: 1993, Sols: Reconnaissance et Essais - Determination de la teneur ponderale en 
nzatierec)' organiques d'un sol Mer/lOde chimique 

XP P94-047: 1998, Sols: Reconnaissance et Essais - Determination de la teneur fJonderale en 
matiere organique Methode par calcination 

SS 0271 OS: 1990, Geotechnical tests Organic content -Ignition loss lnethod 

SS 0271 07: 1990, Geotechnical tests - Organic content - Colorimetric method 

X.4.2.3 Carbonate content determination 

BS 1377-3: 1990, Methods qftestfor soilfor civil engineering purpose5;' Part 3: Chemical and 
electrochemical tests; Clause 6 Determination of the carbonate content 

DIN 18129, Soil, investigation and testing Detennination of lime content 

Head K.H., Manual of Soil Laboratory Testing. Vo!.l: Soil Class{fication and COInpaction Tests, 
2nd ed;Vol 1: 1992 

NF P 94-048: 1996, Sols: Reconnaissance et Essw's Determination de la tenellr en carhonate -
Methode du calcimetre 

X.4.2.4 Sulfate content detennination 

BS 1377-3: 1990, Methods of test for soilfor civil engineering plll]Joses Part 3: Chenzical and 
electrochemical tests; Clause 5 Determination of the sulfate content of soil and groundwater 

X.4.2.S pH Value determination (acidity and alkalinity) 

BS 1377-3: 1990, Methods oftestfor soilfor civil engineering PU1l)oses Part 3: Chanical and 
electrochemJcal te5;ts; Clause 9 Determination of the pH value 

X.4.2.6 Chloride content determination 

BS 812-1 ] 8: 1988, Testing aggregates. Methods for detennination (~lSlllfate content 
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BS 1377-3: 1990, Methods oftestfor soilfor 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 soil.,>'for civil engineering purposes - Part 7: Shear strength 
tests (total stress) 

NF P 94-072: 1995, Sols: Recorznaissance et Essais - Essai scissol1uitrique en laboratoire 

X.4.3.2 Fall cone 

CEN ISO/TS 17892-6, Geotechnical investigation and testing Laboratory testing of soil - Part 
6: Fall cone test 

SS 02 7125: 199], Geotechnical test methods. Undrained shear strength. Fall cone test Cohesive 
soil 

X.4.4 Strength testing of soH 

X.4.4.1 Unconfined compression 

CEN ISO/TS ] 7892-7, Geotechnical inve,ytigation and testing Laboratory testing (~f soil -
Part 7: UncOl~fined compression test onfine grained soils 

NF P 94-077: 1997, Sols: Reconnaissance et Essais - Essai de compression liniaxiale 

X.4.4.2 Unconsolidated undrained compression 

CEN ISO/TS 17892-8, Geotechnical investigation and testing - Laboratory testing ~f soil - Part 8: 
Unconsolidated undrained triaxial test 

NF P 94-070: 1994, Sols: Reconnaissance et Essais Essais if l'appareil triaxial de nivolution -
Gene ralites, d~finitions 

NF P 94-074: 1994, Sols: Reconnaissance et Essais Essai if l'appareil triaxial de revolution -
Appareillage Preparation des eprouvettes - Essais (UU) non consolide non draine Essai (Cu + 
u) consolide 110n draine avec mesure de pression inter,),titielle Essai (CD) consolide draine. 

X.4.4.3 Consolidated triaxial compression test 

CEN ISO/TS 17892-9, Geotechnical investigation and testing - Laboratol)l testing of soil 
Part 9: Consolidated triaxial compression tests on vvater saturated soils 

BS 1377-8: 1990, Methods oftestfor soilsfor civil engineering pUlposes - Part 8 Shear strength 
tests (effective stress) 
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NF P 94-070: 1994, Sols: Reconnaissance et Essais - Essais c't l'appareil triaxial de revolution -
Generalites, definitions 

NF P 94-074: 1994, Sols: Reconnaissance et Essais - Essai a l'appareil triaxial de revolution -
Appareillage - Preparation des eprollvettes - Essais (UU) non consolide non draine - Eysai 
(Cu + u) consolide non draine avec mesure de pression interstitielle - Essai (CD) consolide draine. 

X.4.4.4 Consolidated direct shear box tests 

CEN ISO/TS 17892-10, Geotechnical investigation and testing - Laboratory testing q{soiL - Part 
10: Direct shear tests 

BS 1377-7: 1990, Methods of test for soils for civil engineering pllrposes - Part 7: Shear strength 
tests (total stress) 

ASTM D 3080-98, Test tnethodfor direct shear test of soils under consolidated drained conditions 

SS027127, Geotechnical tests - shear strength - Direct shear test, CU- and CD- tests - Cohesive 
soils 

NF P94-071-1: 1994 Sols: Reconnaissance et Essais - Essai de cisaillernent rectiligne ala bOlte -
Partie 1 : Cisaillenlent direct. 

NF P94-071-2: 1994, Sols: Reconnaissance et Essais - Essai de cisaillement rectiligne a la bOlte -
Partie 2 : Cisaillement alterne 

X.4.S Compressibility testing of soil 

CEN ISO/TS 17892-5, Geotechnical investigation and testing - Laboratory testing q{ soil - Part 5: 
Incremental loading oedometer test 

BS 1377-5: 1990, Methods of testfor soils for civil engineering purposes - Part 5: 
Compressibility, permeability and durability tests 

NS 8017: 1991, Geotechnical testing - Laboratory methods - Determination of one-dimensional 
consolidation properties by oedOlneter testing - Method using incremental loading 

ASTM D2435-96, Test methodfor One-Dimensional Consolidation Properties of Soils 

XP P94-090-1: 1997, Sols: Reconnaissance et Essai,)' - Essai cedometrique -Partie 1 : Essai de 
compressibilite sur materiauxfins quasi satures avec chargenlent par paliers 

XP P 94-091: 1995, Sols: Reconnaissance et Essais - Essai de gonflement a l'(rdometre -
Determination des d~{ormations par chargement de plusieurs eprouvettes 

SS 0271 26: 1991, Geotechnical tests - Compression properties - Oedometer test, CRS-test
Cohesive soil 
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SS 0271 29: 1992, Geotechnical tests Compression properties - Oedometer test, incremental 
loading Cohesive soil 

X.4.6 Compaction testing of soil 

BS 1377-4: 1990, Methods (</. test for soils for civil engineering purposes - Part 4: Compaction 
related tests; Clause 3 Determination of dry densityhnoisture content relationship 

BS 1377-4: 1990, Method.)' (~I'testfor soils for civil engineering purposes - Part 4: Compaction 
related tests; Clause 7 Determination of California Bearing Ratio (CBR) 

NOTE ASTM D-698-78, D-ISS7 -78 and AASHTO /99 and T 180 might be used for compaction tests and 
ASTM D] 883-94 and AASHTO T 193 might be used for the California Bearing Ratio Determination. However, 
BS 1377: 1990 has minor deviations from the specification in the US recommendations, which are used in most road 
laboratories. 

SS027 I 09, Geotechnical tests - Compaction properties Laboratory compaction 

NF P 94-078: 1997, Sols: Reconnaissance et Es'sais Indice CBR apd!s immersion - Indice CBR 
imnuidiat - Indice Portant 1111lnediatMesure Sllr echantillon cOlnpacte dans Ie mOllIe CBR 

NF P 94-093: 1999, Sols: Reconnaissance et Essais - Detennination des references de compactage 
d'lin materiau Essai Proctor normal - Essai Proctor modUiri 

X.4.7 Permeability testing of soil 

CEN ISO/TS 17892-11, Geotechnical investigation and testing Laboratory testing ql'soil -
Part 11: Permeability te,s't 

BS 1377-5: 1990, Methods (~I' test for soilsfor civil engineering purposes - Part 5: 
Compressibility, permeability and durability tests 

DIN 18130-1: 1998, Soil. Investigation and testing. Determination ql the coefficient ql' water 
permeability. Part 1 Laboratory tests 

ISO/DIS 17313, Soil qllality - Detennination of hydralllic conductivity of saturated porous 
materials using flexible wall penneameter. ISO/TC 190/SC 5. 

NOTE ISO/DIS] 7313 relates to environmental and includes some very strict normative clauses not 
necessary for norma] geotechnical purposes. 

X.4.8 Preparation of specimen for testing on rock materials 

ASTM D4543-01, Preparing Rock Core Specimen.s' and Determining Dimensional and Shape 
Tolerance.)' 
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X.4.9 Classification testing of rock materials 

X.4.9.1 General 

BS 5930: 1981, Code of practice for site investigation Section 8 Description and clas,!;(fkation ql' 
rockfor engineering purposes 

ISRM Suggested Methodsfor Rock Characterization, Testing and iVionitoring, Part I Site 
Characterization (1981). 

X.4.9.2 Water content determination 

ISRM Part 1, Suggested methods for detennining water COil tent, porosity, density, absOf1)tion and 
related properties; Section 1 Suggested 111ethod for determination of the water content of a rock 
sample. 

X.4.9.3 Density and porosity 

ISRM Part 1, Suggested methods for detennining water content, porosity, density, absorption and 
related properties; Section 2 Suggested tnethod for porosity/density deternlination using saturation 
and calliper techniques 

ISRM Part 1, Suggested methods for detennining water content, porosity, density, absorption and 
related properties; Section 3 Suggested Inethod for porosity/density determination using saturation 
and buoyancy techniques 

X.4.10 Swelling testing of rock material 

X.4.10.1 Swelling pressure index under zero volume change 

ISRM Suggested Methods For Determining Slvelling 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 

ISRM Suggested Methods For Determining Slvelling and Slake-Durability Index Properties; Test 2 
Suggested Method for Determination of the Swelling Strain Index for a Radial1y Confined 
Specimen with Axial Surcharge 

X.4.10.3 Swelling strain developed in unconfined rock specimen 

ISRM Suggested Methods For Determining Swelling and Slake-Durability Index Properties; Test 3 
Suggested Method for Detennination of the Swelling Strain Developed in an Unconfined Rock 
Specimen 
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X.4.11 Strength testing of rock materials 

X.4.11.1 Uniaxial conlpressive strength and deformability 

ISRM Suggested Methods For Detennining Unco'~fined COInpressive Strength and Defonnability 

ASTM D 2938: 1991 , Standard Test Method for Unconfined Compressive Strength of In tact Rock 
Core Specinzens 
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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. & 
Geon1ech. Abstr. Vol 22, No.2, pp. 51-60, 1985 

X.4.11.3 Direct shear test 

ISRM Suggested Methodfor Determining Shear Strength, Part 2: Suggested Method For 
Laboratory Determination of Direct Shear Strength 

X.4.11.4 Brazil test 

ISRM Suggested Method for Detennining Tensile Strength of Rock Materials, Part 2: Suggested 
Method for Determining Indirect Tensile Strength by the Brazil Test 

X.4.11.S Triaxial compression test 

ISRM Suggested Methodfor Determining the Strength of Rock Materials in Triaxial Compression 

X.S Books, articles and other publications related to laboratory testing 

Bieniawski, Z.T. (] 989) 
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 Establishn1ent 

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, ] 992 

Head, K.H. 
Manual of Soil LaboratofY Te,,},ting. Vol. 2: Permeability, Shear Strength and Compressibility 
Tests, 2nd ed. 
London, Pentech Press, 1994 

Head, K.H. (1986) 
Manual of Soil Laboratory Testing. Vol. 3: Effective Stress Tests. 
London, Pentech Press, 1986 

195 



BS EN 1997-2:2007 
EN 1997-2:2007 (E) 

Suggested lnethod for detennining 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 DaIns of Dispersive Clay Vol. 1, Part 1 
Proc. ASCE Specialty Conf. on Perforn1ance 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 Steel, E.F. 
Pinhole test for identifying dispersive soil 
K. Geotechn. Eng. Div., ASCE. Vol. 102, No. GT1 (January), 1976 
pp 69-85 

Slunga, E. & Saarelainen, S. (1989) 
Determination of frost-susceptibility of soil, A.A. Balkema 
Proc. of 12th ICSMFE, VoL 2.Session 19 
Rio de Janairo, ] 3-18 August 1989. 
pp 1465-] 468 
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