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1 INTRODUCTION 

The present time, 2008, is a period of change and 
challenge for geotechnical engineering in Europe as 
both parts of Eurocode 7: Geotechnical Design, or 
EN 1997, the new harmonised European standard for 
geotechnical design, have been published by CEN, 
the Comité European de Normalisation, and are in 
the process of being implemented in the member 
states of CEN. Eurocode 7 Part 1 is called Geotech-
nical Design - General Rules and provides guidance 
for the geotechnical design of buildings and civil en-
gineering works. Part 2 is called Geotechnical De-
sign – Ground Investigation and Testing and pro-
vides guidance for the planning and interpretation of 
geotechnical laboratory and field tests that are used 
for the support of the geotechnical design aspects of 
buildings and civil engineering works. Work on 
Eurocode 7 started in 1981 and has since progressed 
through many stages and drafts. The development 
process for most Eurocodes, including Eurocode 7, 
is due to be completed by 31

st
 March 2010, when 

they will replace the existing national standards. 
Since the limit state design method upon which 

Eurocode 7 is based is very different from the design 
methods that have been used in the countries of 
Europe until now, the introduction of Eurocode 7 
will present a major challenge for practising engi-
neers involved in geotechnical design and for those 
involved in geotechnical education. However, as it 
provides a common method for geotechnical design, 
it will also enable more cooperation and understand-
ing between geotechnical engineers in Europe. This 
paper examines the suitability and use of Eurocode 7 
in geotechnical education. 

2 AIMS OF GEOTECHNICAL EDUCATION 

Before considering the likely effects of Eurocode 7 
on geotechnical education in Europe and its use in 
teaching, the aims of geotechnical education in uni-
versities and other third level institutions are consid-
ered. These aims may be summarised as follows: 
- to develop a good understanding of soil and the 

fundamental principles underlying its behaviour 
- to explain how the soil profile and properties of 

soil strata may be determined from appropriate 
investigation methods and tests 

- to teach appropriate models for analysing soil be-
haviour and predicting the behaviour of geotech-
nical structures 

- to provide guidance on the design and construc-
tion of different geotechnical structures 

- to develop an appreciation of the complexity of 
soil and the risks involved in geotechnical design 

- to encourage an inquisitive approach to soil me-
chanics 

- to impart a liking and enthusiasm for geotechnical 
engineering. 
Burland (1987) in his seminal Nash Lecture enti-

tled The teaching of soil mechanics: a personal 
view, presented at the IX ECSMFE in Dublin, identi-
fied the following four aspects of soil mechanics, 
which he stated needed to be emphasised time and 
again to students of soil mechanics: 
- ground profile 
- soil behaviour 
- applied mechanics, and 
- empiricism, well-winnowed experience. 

Burland depicted his first three aspects of soil 
mechanics as the apexes of a triangle with the fourth
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Figure 1: Burland’s (1987) soil mechanics triangle 

 
aspect, “empiricism, well-winnowed experience”, 
occupying the centre and linked to each of the 
apexes, as shown in Figure 1. Empiricism involves 
taking account of precedent and well-winnowed ex-
perience, which is a metaphor taken from the grain 
industry where winnowing is the process by which 
the good grain seeds are separated from the chaff or 
mass of unwanted husks, weeds, etc. by means of a 
wind or current of air. Thus in geotechnical engi-
neering, well-winnowed experience is experience 
where only those practices that have proved to be 
successful and reliable are retained while those that 
have proved to be not reliable are rejected. 

In a subsequent paper, Burland (2006) developed 
his concept of the soil mechanics triangle a little fur-
ther by expanding and clarifying the four aspects as 
shown in Figure 2. In the case of the ground profile, 
he added “soil description” and “genesis/geology” to 
emphasise the importance of knowing what is there 
and how it got there. In the case of the soil behav-
iour, he changed “experiment, testing, field meas-
urement” to “lab./field testing, observa-
tion/measurement”, thereby drawing attention to the 
importance of observation in understanding soil be-
haviour. In the case of applied mechanics, he re-
named this aspect “appropriate model” and changed 
“idealisation, modelling, analysis” to “idealisation 
followed by evaluation, conceptual or physical mod-
elling, analytical modelling” to broaden the term 
modelling to include the geometry, soil parameters 
and loads as well as the calculation model, and to 
stress the importance of evaluating idealisations that 
have been used in modelling. In the case empiricism 
and well-winnowed experience, he added “prece-
dent” to draw attention to the fact that in geotechni-
cal engineering, due to the complexity of the ground, 
empiricism is inevitable and judgement based on 
precedent as well as well-winnowed experience is 
required. 
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Figure 2: Burland’s (2006) Soil Mechanics Triangle 
 
How Burland’s four aspects of soil mechanics re- 

late to the content of Eurocode 7 and to the teaching 
of geotechnical design are examined in this paper. 

3 ROLE OF CODES AND STANDARDS IN 
GEOTECHNICAL EDUCATION 

Those involved in geotechnical education, and also 
in other branches of civil engineering education, 
have had to decide on the role of codes and stan-
dards in teaching and have had to find a balance be-
tween the teaching of fundamental principles and the 
teaching of codes of practice or standards. Generally 
the use of codes and standards has been more popu-
lar in the teaching of structural design than it has in 
the teaching of geotechnical design. The main reason 
for this is because in structural design only a few, 
generally agreed and usually linear, calculation mod-
els are required for most structural design situations 
and hence these models are generally included in the 
structural design codes and are appropriate for use in 
teaching. 

In contrast in geotechnical design, many calcula-
tions models, often non-linear and related to particu-
lar testing methods, are required for the different de-
sign situations and hence these are not usually 
included in the existing design codes, which tend to 
provide prescriptive rules and general guidance on 
geotechnical design. Furthermore, a major part of 
any geotechnical design is identifying the ground 
conditions and determining the values of the soil pa-
rameters for use in geotechnical design calculations. 
Therefore many of those involved in geotechnical 
education in Europe, certainly in Ireland and the UK, 
have seen little role for the existing codes of practice 
in the teaching of geotechnical design. 

Another reason for the lack of enthusiasm for 
codes of practice in geotechnical education com-



pared with structural education is because, since the 
1970s, the codes used for structural design in most 
European countries, for example in Ireland and the 
UK, have generally diverged from those for geo-
technical design. The limit state method has been 
adopted in the recent codes for structural design, 
with separate calculations for ultimate and service-
ability limit states and with partial factors applied to 
characteristic values of material parameters and 
loads. The characteristic value of a material parame-
ter is defined statistically as a certain percentage, 
usually 5%, of an unlimited test series, and the par-
tial factor values are chosen so that, when applied to 
the characteristic parameter values and loads, the de-
sign will achieve a certain target reliability or prob-
ability of failure. This design method provides a co-
herent and rational framework for structural design 
using different materials.  

In geotechnical design, however, the limit state 
method has generally not been adopted in the design 
codes in most European countries; instead the tradi-
tional design method, based on prescriptive rules and 
with different overall factors of safety depending on 
the design situation, has continued to be used. 
Hence, for those involved in geotechnical education, 
the existing geotechnical design codes present both 
to the geotechnical teacher and to the student an old-
fashioned, black box image. Furthermore, since the 
existing geotechnical design codes are not fully 
compatible with the structural design codes, this can 
cause problems in soil-structure interaction situa-
tions and when designing structural members, such 
as retaining walls, involving loads from the ground. 

In addition to lacking specific calculation models, 
being largely empirical and not being compatible 
with structural design, another reason why little use 
is made of the existing codes in geotechnical educa-
tion is because they are deemed to compromise on 
the following objectives of university education: 
- They are weak on the fundamental principles of 

soil behaviour 
- They do not provide a coherent framework for 

considering the uncertainties and risks involved in 
geotechnical design 

- They do not encourage an inquisitive approach to 
soil mechanics. 
In view of the above concerns about the use of 

existing codes, the following questions are consid-
ered about the use of Eurocode 7: 
- Should students be taught Eurocode 7? 
- What has Eurocode 7 to offer the geotechnical 

teacher? 
- How can Eurocode 7 be introduced into the teach-

ing of geotechnical engineering? 
- Does Eurocode 7 have any advantages from an 

academic point of view? 
These questions are considered by examining the 

main features of Eurocode 7 and how they relate to 
geotechnical education. 

4 MAIN FEATURES OF EUROCODE 7 

4.1 Limit State Design Method 

Since Eurocode 7 is one of the set of harmonised 
Eurocodes being prepared by CEN for structural and 
geotechnical design, it is based on the same limit 
state design method that has been set out in the head 
Eurocode, EN 1990: Basis of Design, and adopted in 
all the other Eurocodes. An important feature of the 
limit state design method in Eurocode 7 is that it is 
necessary to check that the occurrence of all relevant 
ultimate limit states and serviceability limit states is 
sufficiently unlikely. This need to consider all the 
relevant limit states encourages the geotechnical en-
gineer, and hence the student, to be inquisitive and 
thus is good for geotechnical education. 

Eurocode 7 includes lists of the ultimate and ser-
viceability limit states to be considered in connection 
with the different types of geotechnical designs. For 
example, in the design of a spread foundation, the 
following list of limit states to be considered is 
given: 
- loss of overall stability 
- bearing resistance failure, punching failure, 

squeezing 
- failure by sliding 
- combined failure in the ground and in the struc-

ture 
- structural failure due to foundation movement 
- excessive settlement 
- excessive heave due to swelling, frost and other 

causes 
- unacceptable vibrations. 

With regard to the ultimate limit states to be con-
sidered in the case of a spread foundation, it should 
be noted that overturning, which is a failure mode 
often analysed in traditional designs, is not included 
in the above list as one of the limit state to be con-
sidered. The reason for this is because overturning 
can only occur if the ground beneath the toe of the 
foundation is exceptionally strong, otherwise local 
bearing resistance failure will occur beneath the toe 
of the foundation before overturning can occur. Ex-
amples like this show that the code is encouraging 
those using it to adopt a more inquisitive and critical 
approach to the analysis of geotechnical design 
situations. 

Another important aspect concerning the limit 
state design method in Eurocode 7 is that it has had 
to take account of the fact that soil is a natural and 
complex material, not a manufactured material, like 
the materials covered by the other Eurocodes, for 
example steel. For this reason the limit state method 
in Eurocode 7 has features that cause it to differ 
from the other Eurocodes. The particular features of 
Eurocode 7 and the reasons for these features are 
discussed in the following sections and are of educa-
tional interest and relevance. 



4.2 Code Format 

The code text of Eurocode 7, like that of the other 
Eurocodes, is divided into clauses that are either 
principles or application rules. The principle clauses 
are denoted by P and consist of: 
- general statements for which there is no alterna-

tive, and 
- requirements and analytical models for which no 

alternative is permitted unless specifically stated. 
The application rules are examples of generally 

recognised rules that follow the principles and sat-
isfy their requirements. It is permitted to use alterna-
tives to the application rules provided it is shown 
that that the alternative rules are in accordance with 
the relevant principles and they provide at least the 
same safety against the occurrence of an ultimate 
limit state and confidence against the occurrence of a 
serviceability limit state. 

Although Eurocode 7 is based on the limit state 
design method, with calculations involving the ap-
plication of partial factors to characteristic loads and 
characteristic material parameters or resistances, 
there are no calculation models in the code text of 
Eurocode 7, unlike in the Eurocodes for other mate-
rials, such as steel. There are only a number of equi-
librium equations that have to be satisfied. The only 
calculation models in Eurocode 7 are in the An-
nexes, which provide equations for earth pressure, 
bearing resistance and settlement evaluation. The 
calculation models in the Annexes are not mandatory 
and therefore Eurocode 7 leaves the option for the 
introduction and use of more appropriate models for 
a particular design situation should they be available. 

Much of Eurocode 7 consists of checklists, i.e. 
lists of factors or features to be considered or taken 
into account with regard to the different aspects of a 
geotechnical design. These lists of factors or features 
to be considered or taken into account are key com-
ponents of Eurocode 7, embodying the design prin-
ciples of Eurocode 7 and providing the framework 
for comprehensive and reliable geotechnical designs. 

As well as the lists of limit states to be considered, 
mentioned above, other examples of lists of factors 
or features to be considered in designs to Eurocode 7 
include the following: 
a) In assessing the shear strength of soil: 

- the stress level imposed on the soil 
- anisotropy of strength, especially in clays of 

low plasticity 
- strain rate effects 
- very large strains where these may occur in a 

design situation 
- pre-formed slip surfaces 
- time effects 
- sensitivity of cohesive soil 
- degree of saturation. 

b) When specifying a fill material: 
- grading 
- resistance to crushing 

- compactibility 
- permeability 
- plasticity 
- strength of underlying ground 
- organic content 
- chemical aggression 
- pollution effects 
- solubility 
- susceptibility to volume changes (swelling 

clays and collapsible materials) 
- low temperature and frost susceptibility 
- resistance to weathering 
- effect of excavation, transportation and place-

ment 
- possibility of cementation occurring after 

placement (e.g. blast furnace slags). 
c) When calculating the magnitudes of earthy pres-

sures and directions of forces resulting from 
them: 
- the surcharge on and slope of the ground sur-

face 
- the inclination of the wall to the vertical 
- the water table and the seepage forces in the 

ground 
- the amount and direction of the movement of 

the wall relative to the ground 
- the horizontal as well as vertical equilibrium of 

the entire retaining structure 
- the shear strength and weight density of the 

ground 
- the rigidity of the wall and the supporting sys-

tem. 
Both from a design and an educational point of 

view, the checklists in Eurocode 7 are very helpful. 
They embody the principles of Eurocode 7 and pro-
vide a framework to focus attention on the essential 
factors and features to be considered or taken into 
account in a geotechnical design. 

While providing checklists of factors to be con-
sidered, there is little guidance in Eurocode 7 on the 
use of calculation models, apart from requirements 
regarding types of limit states to be considered and 
certain equilibrium requirements to be met, such as 
the checking of vertical and horizontal equilibrium 
of the whole structure when calculating the magni-
tudes and directions of earth pressure forces. An-
other requirement in the case of calculation models 
for slope stability analyses is that when the method 
of slices is being used, if horizontal equilibrium is 
not checked, inter-slice forces should be assumed to 
be horizontal. The consequence of this is that some 
slope stability calculation models, such as Fellenius’ 
method, are not acceptable in designs to Eurocode 7. 

4.3 Treatment of Geotechnical Risk 

An important and innovative feature of Eurocode 7, 
and one that is important for geotechnical education, 
is the system it provides for the treatment of geo-



Table 1: Geotechnical categories and geotechnical risk factors 

Risk Factors Geotechnical Categories 

 GC1 GC2 GC3 

Geotechnical 

hazards 

Geotechnical Complexity 

Low Moderate High 

Ground conditions Known from comparable experi-
ence to be straightforward. Not 
involving soft, loose or com-
pressible soil, loose fill or sloping 
ground.  

Ground conditions and properties 
can be determined from routine in-
vestigations and tests. 

Unusual or exceptionally difficult 
ground conditions requiring non 
routine investigations and tests 

Groundwater situa-
tion 

No excavations below water table, 
except where experience indicates 
this will not cause problems  

No risk of damage without prior 
warning to structures due to 
groundwater lowering or drainage. 
No exceptional water tightness re-
quirements 

High groundwater pressures and ex-
cept-ional groundwater conditions, 
e.g. multi-layered strata with vari-
able permeability 

Regional seismicity Areas with no or very low earth-
quake hazard 
 

Moderate earthquake hazard where 
seismic design code (EC8) may be 
used 

Areas of high earthquake hazard 
 

Influence of the envi-
ronment 

Negligible risk of problems due to 
surface water, subsidence, hazard-
ous chemicals, etc. 

Environmental factors covered by 
routine design methods 

Complex or difficult environmental 
factors requiring special design 
methods 

Vulnerability Low Moderate High 

Nature and size of 
the structure and its 
elements 

Small and relatively simple struc-
tures or construction. Insensitive 
structures in seismic areas 

Conventional types of structures 
with no abnormal risks 

Very large or unusual structures and 
structures involving abnormal risks. 
Very sensitive structures in seismic 
areas 

Surroundings Negligible risk of damage to or 
from neighbouring structures or 
services and negligible risk for life 

Possible risk of damage to 
neighbouring structures or services 
due, for example, to excavations or 
piling 

High risk of damage to neighbour-
ing structures or services 

Geotechnical risk Low Moderate High 

 

technical complexity and risk in geotechnical de-
signs. The complexity and hence the risk is greater in 
geotechnical design than in structural design because 
soil is a natural and variable material, whose profile 
and properties have to be determined from a limited 
number of tests on the large volume of soil normally 
affecting the behaviour of the ground in any geo-
technical design situation, whereas in structural de-
sign the geometry and the structural material proper-
ties are prescribed and the main uncertainty is only 
in the loads. Eurocode 7 provides lists of risk factors 
to be considered when assessing the complexity and 
evaluating the risk of a geotechnical design. These 
are presented in Table 1, based on Orr and Farrell 
(1999), where they have been divided into the fol-
lowing geotechnical hazards: 
- the ground conditions 
- the groundwater situation 
- the regional seismicity 
- the influence of the environment, 
and the following factors relating to the vulnerability 
of the structure: 
- the nature and size of the structure and its ele-

ments 
- the surroundings. 

As the severity or complexity of the geotechnical 
hazards increases and as the factors increasing the 
vulnerability of the structure increase, the risk level 
increases. Eurocode 7 presents an optional frame-

work consisting of three geotechnical categories, re-
ferred to as Geotechnical Categories 1, 2 and 3, or 
GC1, GC2 and GC3 as shown in Table 1, to take ac-
count of the different levels of complexity and risk 
in different geotechnical design situations. 

Having assessed the level of risk involved in any 
geotechnical design situation, Eurocode 7 then pro-
vides a system for appropriate investigation methods 
and design procedures to be carried out by appropri-
ately qualified persons. As the complexity of a de-
sign situation and hence as the risk increases, more 
elaborate design procedures are required to account 
for the increased risk, as shown in Table 2. Exam-
ples are given in Table 2 of the different investiga-
tion methods and design procedures for structures in 
the different Geotechnical Categories and the exper-
tise required for those involved in the design. These 
examples range from the situation of a simple Geo-
technical Category 1 structure, with small loading on 
firm, well-known ground conditions, where a visual 
inspection of the ground and prescriptive design pro-
cedures by an appropriately experienced person may 
be all this are required, to a complex Geotechnical 
Category 3 structure on extremely difficult ground 
conditions, where extensive ground investigations 
and detailed analyses by an experienced geotechnical 
specialist are required and possibly also monitoring 
of the completed structure. 

The requirement to consider the risk factors in a  



Table 2: Investigations, designs and structural types related to Geotechnical Categories 

 Geotechnical Categories 

  GC1 GC2 GC3 

Expertise required Person with appropriate compara-
ble experience  

Experienced qualified person Experienced geotechnical specialist 

Geotechnical inves-
tigations 

Qualitative investigations includ-
ing trial pits 

Routine investigations involving 
borings, field and laboratory tests 

Additional more sophisticated inves-
tigations and laboratory tests 

Design procedures Prescriptive measures and simpli-
fied design procedures, e.g. design 
bearing pressures based on ex-
perience or published presumed 
bearing pressures. Stability or de-
formation calculations may not be 
necessary. 

Routine calculations for stability 
and deformations based on design 
procedures in EC7 

More sophisticated analyses 

Examples of struc-
tures 
 

- Small and relatively simple 
structures. Examples given in 
ENV version  of Eurocode 7: 

 Structures and agricultural build-
ings having maximum design 
column load of 250kN and 
maximum design wall load of 
100kN/m 

- Retaining walls and excavation 
supports where ground level dif-
ference does not exceed 2m 

- Small excavations for drainage 
and pipes. 

Conventional: 
- Spread and pile foundations 
- Walls and other retaining struc-

tures 
- Excavations 
- Bridge piers and abutments 
- Embankments and earthworks 
- Ground anchors and other tie-

back systems 
- Tunnels in hard, non-fractured 

rock 

- Very large or unusual structures 
- xceptionally difficult ground con-

ditions 
- Structures involving abnormal risks 
- Structures in highly seismic areas 
- Structures in areas of probably site 

instability 
- Tunnels in soft or highly perme-

able ground 

    

 
geotechnical design and the provision of a system to 
evaluate the geotechnical risk and take it into ac-
count at all stages in the design process, will be help-
ful in geotechnical education as well as in geotech-
nical design. 

4.4 Scope of Eurocode 7 and the Design Process 

The scope of Eurocode 7 is broad and comprehen-
sive and covers all the stages of the geotechnical de-
sign process, which are shown in Figure 3, based on 
Orr and Farrell (1999). The first stage in a geotech-
nical design to Eurocode 7 involves making an ini-
tial assessment of the design complexity and possi-
bly availing of the option to classify the design in a 
particular Geotechnical Category, as discussed 
above. The next stage is to carry out geotechnical in-
vestigations to determine the geotechnical data in-
cluding the ground profile, the nature of the ground 
and its properties. The processes of investigating the 
ground to determine the soil profile, i.e. the geome-
try of the design situation, and determining the prop-
erties of the soil or rock, correspond to the first two 
aspects of Burland’s soil mechanics triangle. 

The processes of investigating the ground condi-
tions and determining the geotechnical parameters 
are key aspects of any geotechnical design. Indeed, it 
is stated in Eurocode 7 that: 

it should be considered that knowledge of the 
ground conditions depends on the extent and quali-
ty of the geotechnical investigations. Such 
knowledge and the control of workmanship are 
usually more significant to fulfilling the fundamen-

tal requirements than is precision in the calcula-
tion models and partial factors.  

Since the need to investigate the ground condi-
tions and determine the geotechnical parameters is 
part of the geotechnical design process and require-
ments for these aspects are given in Eurocode 7, this 
feature distinguishes Eurocode 7 from the other 
Eurocodes for structural design using manufactured 
materials, where this situation does not arise. As 
noted above, Part 2 of Eurocode 7 provides guidance 
for the planning of ground investigations and field 
and laboratory tests. The requirements for the deter-
mination of geotechnical data and parameter values 
are provided in Part 1. The result of ground investi-
gations and testing are presented in a Ground Inves-
tigation Report. The Ground Investigation Report 
should normally consist of two parts, one part which 
presents all the available geotechnical information 
and another part which provides a geotechnical 
evaluation of the information, including the derived 
values of the geotechnical parameters. The require-
ments in Eurocode 7 for what should be included in 
a Ground Investigation Report is an important fea-
ture of Eurocode 7, and has pedagogical relevance in 
geotechnical education as well as being important 
fore those involved in geotechnical design. 

Having obtained the geotechnical data from geo-
technical investigations and tests and having pre-
pared the Ground Investigation Report, the next 
stage is to reassess the complexity of the design 
situation. Depending on this reassessment, the Geo-
technical Category may need to be changed, if this 
system is being used. The design situation is then 



 
Figure 3: Geotechnical Design Process in Eurocode 7 

 
specified, including the geometry, the loads and the 
material properties, and the design is carried out by 
calculations, prescriptive measures, load or model 
tests, or by the observational method. 

After the design has been carried out, Eurocode 7 
requires that a Geotechnical Design Report be pre-
pared and gives the items that should be included in 
this Report, which are listed in Table 3. These items 
include the design calculations and the results of the 
design, as well as the assumptions made and the data 
on which the design is based. The Geotechnical De-
sign Report should normally include reference to the 
Ground Investigation Report, which contains more 
detail about the geotechnical data. 
The final stage of the design process is to monitor 
the design during construction. Eurocode 7 also in-
cludes requirements, where relevant, for monitoring 
structure after construction and for maintenance. 
These should be included by the designer in the Geo-
technical Design Report. As in the case of the  

Table 3: Geotechnical Design Report 

No. Item to be included 

1. A description of the site and surroundings 

2. 
A description of the ground conditions and reference to 
the Ground Investigation Report 

3. 
A description of the proposed construction, including 
the loads and limiting movements 

4. Design values of the soil and rock properties 

5. Statements on the codes and standards applied 

6. Statements on the level of acceptable level of risk 

7. Geotechnical design calculations and drawings 

8. 
A list of items to be checked during construction or re-
quiring maintenance or monitoring after construction 

 
Ground Investigation Report, the inclusion of the 
Geotechnical Design Report in Eurocode 7, with re-
quirements covering the whole geotechnical design 
process from the ground investigation through to the 
monitoring and maintenance of the completed struc-
ture of the ground, is an important feature of Euro-
code 7 and, like the Ground Investigation Report, 
has pedagogical relevance in geotechnical education 
as well as being important for those involved in geo-
technical design. 

5 GEOTECHNICAL DESIGN CALCULATIONS 

5.1 Design Components 

The following components are involved in every 

geotechnical design calculation: 
- actions, which is the term used for loads in the 

Eurocodes 
- geometrical data 
- ground properties, i.e. soil parameters 
- calculation model 
- safety elements such as partial action and material 

factors 
- limiting movements and deformations 
Eurocode 7 provides the principles and requirements 
for treating each of these components and obtaining 
design values of the different parameters for use in 
geotechnical design calculations. 

A feature of Eurocode 7 with regard to the calcu-
lation models is that, except for one equation relat-
ing to hydraulic failure, Eurocode 7 requires that 
equilibrium be considered in terms of forces rather 
than stresses in all geotechnical design situations. 
This makes calculations to Eurocode 7 differ from 
traditional designs based on allowable stresses. An-
other feature of designs to Eurocode 7 is that the de-
signer is required to identify which forces are ac-
tions, i.e. loads, and which are resistances. In 
geotechnical designs, the distinction between actions 
and resistances is not always clear, for example in 
retaining wall design, and thus Eurocode 7 encour-
ages designers to consider this aspect. 

Geotechnical investigations to determine the geo-

technical data, including the ground profile, the nature 

of the ground and its properties 

Reassessment of the design complexity 

Reassessment of Geotechnical Category (if used) 

Specification of the design situation, including geometry, 

loads and ground properties 

Design by: calculations, prescriptive measures, load or 

model tests, or the observational method 

Initial assessment of design complexity 

Preliminary classification into a particular Geotechnical 

Category (optional) 

Design by: calculations, prescriptive measures, load or 

model tests, or the observational method 

Preparation of a Geotechnical Design Report 

Checking the design during construction 

Monitoring and maintenance after construction 

Preparation of a Ground Investigation Report 



5.2 Design Actions 

Following the system in EN 1990, the design values 
of loads, i.e. actions, are obtained by applying partial 
actions factors, F to representative values of the 
loads, Frep while representative values are obtained 
by applying combination factors,  to characteristic 
values of the permanent and variable loads, Fk. 
Normally the main loads in geotechnical design are 
the permanent loads due to the weight of the sup-
ported structure and the ground and the variable 
loads are less important. Hence the EN 1990 combi-
nation factors for combining variable loads are usu-
ally not relevant in geotechnical design and the rep-
resentative load is often equal to the characteristic 
load. In addition to the weight of the supported 
structure and the weight of the ground, the loads in 
geotechnical design include horizontal earth pressure 
forces on retaining structures and forces due to water 
pressures. The main features which need to be taken 
into account when determining the design values of 
loads for use in design calculations are described in 
the following paragraphs. 

In all geotechnical designs to Eurocode 7, the 
weight density of the soil is not factored. The reason 
for this is because the soil weight density is not only 
a component of the loads due to the self weight of 
the ground but, since soil is a frictional material, it is 
also a component of the soil strength. Thus if the 
weight density were increased by a factor, this would 
increase the load due to the self weight and the soil 
strength. Hence, when calculating the loads due to 
the soil weight, appropriate factors are applied to 
characteristic loads calculated using the characteris-
tic soil weight density. In certain design situations, 
for example those involving slope stability, most of 
the load due to the soil weight acts as a destabilising 
force but there is also a part that acts as a stabilising 
force. To avoid problems caused by applying differ-
ent factors to the stabilising and destabilising parts, 
the load due to the soil weight is treated as coming 
from a single source and the design value is obtained 
by applying a single factor to the overall load or load 
effect, not by applying different factors to the dis-
turbing and stabilising parts. 

The horizontal earth pressure forces on retaining 
structures are a function of the soil strength as well 
as the soil weight. Furthermore, earth pressure forces 
sometimes act as disturbing forces, e.g. active earth 
pressures, and sometimes act as resistances, e.g. pas-
sive earth pressures. Design values of the earth pres-
sures may be obtained either by factoring the soil 
strength, which results in greater active and lower 
passive earth pressures, and not factoring the result-
ing earth pressure forces, or else by factoring the 
earth pressure forces so as to increase the active 
pressures, which are treated as actions, and reduce 
the passive earth pressures, which are treated as re-
sistances, without factoring the soil strength. 

The forces due to hydrostatic water pressures are 
generally well known, the main uncertainty being in 
the level of the groundwater table. However, apply-
ing a partial factor to the water pressure can result in 
design water pressure forces that are impossible or 
unrealistic. Hence Eurocode 7 allows for the design 
values of water pressures to be determined either by 
applying partial factors to characteristic water pres-
sures or by applying a safety margin to the character-
istic water level. 

5.3 Design Geometrical Data 

In the case of geometrical data, the partial action and 
material factors in designs to Eurocode 7 include an 
allowance for small variation in the geometrical data 
and hence no further margin should be required to 
determine the design values of the geometric data, 
which are set equal to their nominal values. 

5.4 Design Material Parameter Values 

An innovative feature of Eurocode 7 is the process 
for obtaining the design values of geotechnical pa-
rameters from test results. This process is shown in 
Figure 4 and involves three steps. Step 1 is progress-
ing from the measured values, in field or laboratory 
tests, through test results to geotechnical parameter 
values at a particular location in the ground. Then in 
Step 2, taking account of the particular design situa-
tion including the number of test results, the vari-
ability of the ground, the limit state, volume of 
ground involved and the nature of the structure, a 
cautious estimate of the geotechnical parameter is 
chosen as the characteristic value. Finally in Step 3, 
the characteristic value is divided by a partial mate-
rial factor to obtain the design value. This process is 
valuable in the teaching of geotechnical design as it 
outlines all the factors that need to be taken into ac-
count in order to obtain the values of soil parameters 
for use in design calculations. 

5.5 Characteristic Value 

Since the required safety level is obtained by apply-
ing partial factors to characteristic parameter values, 
when designing to the Eurocodes, appropriate char-
acteristic values need to be selected. In the case of 
manufactured materials, such as steel, the character-
istic value is defined in the Eurocodes as the 5% 
fractile of an unlimited test series. However, this 
definition is not normally appropriate for selecting 
the characteristic value of a geotechnical parameter 
for the following reasons: 
- the relevant parameter value is normally the mean 

value over a particular surface or volume of the 
ground, not a particular fractile of test series 

- only a limited number of test results are normally 
available compared to the volume of soil involved 



 
Figure 4: Process for determining of design values of geotech-

nical parameters from measured values 

 
in any geotechnical design situation, and 

- being a natural material, there is often a large and 
uncertain variability in the properties of soil. 
On account of the reasons given above, the fol-

lowing definition is given in Eurocode 7 for the 
characteristic value of a geotechnical parameter: 

The characteristic value shall be selected as a cau-
tious estimate of the value affecting the occurrence 
of the limit state. 

with the following applications rule: 

The zone of ground is governing the behaviour of a 
geotechnical structure at a limit state is usually 
much larger than a test sample or the zone of 
ground affected in an in situ test. Consequently the 
value of the governing parameter is often the mean 
of a range of values covering a large surface or 
volume of the ground. The characteristic value 
should be a cautious estimate of this mean value. 

Thus, according to the above application rule, 
Eurocode 7 notes that the value governing a particu-
lar limit state is normally the mean value over a par-
ticular surface or volume, for example the mean 
strength over a failure surface. In the definition for 
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Figure 5: Selection of characteristic value from test values 

 
the characteristic value, Eurocode 7 states that it is 
selected as a cautious estimate of this mean value af-
fecting the occurrence of the limit state. As noted by 
Frank et al. (2004), each word and phrase in this 
definition is important: the word “selected” empha-
sises the importance of engineering judgement, the 
phrase “cautious estimate” emphasises that some 
conservatism is required, and the phrase “limit state” 
emphasises that the selected characteristic value 
must relate to the particular design situation and 
failure mode being considered. This explanation of 
the characteristic value of a geotechnical parameter 
is a very important and innovative aspect of Euro-
code 7 and an aspect that is of value for use in geo-
technical education as well as for those involved in 
geotechnical design. 

If statistical methods are used to assess the char-
acteristic value, Eurocode 7 states that: 

the characteristic value should be derived such that 
the calculated probability of a worst value affect-
ing the occurrence of a limit state is not greater 
than 5%. 

As an example of the use of statistical methods to 
determine the characteristic value of a geotechnical 
parameter, the situation is examined where the fol-
lowing 10 undrained shear strength test values, plot-
ted in Figure 5, are available over the upper 12m of a 
clay layer: 27, 42, 47, 31, 53, 38, 29, 49, 35, 54 kPa. 
The mean of these test cu values is 40.5 kPa, shown 
in Figure 5, and the standard deviation, SD is 10.0 
kPa so that the coefficient of variation (COV) is 
24.6%. This is within the range of COV values of 
13-40% for cu quoted by Duncan (2000). For the 
limit state being examined, the failure zone involves 
the whole 12m of the clay layer and therefore the 
characteristic value is a cautious estimate of the 
mean cu value. 

An estimate of the mean cu value of the soil af-
fecting the limit state, with a confident of 95% that 
the actual mean value is greater than this value, may 

Measured Values 

Test Results 
Results of field tests at particular points in 

the ground or locations on a site or laboratory 
tests on particular specimens 

Test related correction, 
independent of any fur-
ther analysis  

Theory, empirical 
relationships or cor-
relations to obtain 
Derived Values 

Assessment of influence 
of test and design condi-
tions on parameter value 

Selection of relevant test 
results e.g. peak or con-
stant volume strength 

Geotechnical Parameter Values 

Quantified for design calculations 

Characteristic Parameter Value 

Step 2 
Covered by 
EN 1997-1 

Design Value 

Application of partial 
material factor, M 

Step 1 
Covered by: 
EN 1997-1, 
EN 1997-2 

Step 3 
Covered by 
EN 1997-1 

Cautious estimate of geo-
technical parameter value 
taking account of:  
• Number of test results 
and their variability 
•Nature of structure, limit 
state and volume of 
ground involved 



be obtained using the tables of statistical t values 
published by Student (1908) and the following equa-
tion: 

n

SDt
XX mk   (1) 

where Xm is the mean of the test results, SD is the 
standard deviation of the test results, n is the number 
of test results and t is the statistical parameter, the 
value of which depends on the number of test re-
sults. For n = 10, t = 1.833 with the mean test cu 
value of 40.5 kPa and the SD value of 10.0 kPa 
gives Xk = 34.7 kPa, as shown in Figure 5. 

When only a few test results are available, the use 
of Equation 1 can be too conservative as the t value 
increases as n reduces. An alternative approach, 
which has been found useful in practice, is to use the 
following equation proposed by Schneider (1997): 

SDXX mk 5.0  (2) 

Substituting the mean and SD values for this exam-
ple in this equation gives Xk = 35.5 kPa, which is 
plotted in Figure 5 and is similar to the value ob-
tained using Equation 1. For comparison, the 5% 
fractile of the test results is obtained using the fol-
lowing equation: 

SDXX mk 64.1  (3) 

Substituting the mean and SD values in this equation 
gives Xk = 24.1 kPa, which is not the correct charac-
teristic value as it is less than the smallest test value 
and hence is much too conservative for an ultimate 
limit state involving a large volume of the ground.. 

Dividing the characteristic value obtained using 
Equation 2 by the partial factor of 1.4 gives the de-
sign cu value of 25.4 kPa, which is also plotted in 
Figure 5. Examining the results plotted in Figure 5 
shows the relationships between the mean of the test 
results, the characteristic value, the design value and 
the standard deviation. This example shows how the 
selection of characteristic value may be explained in 
geotechnical education. 

5.6 Safety Elements 

One of the issues that gave rise to much debate and 
discussion during the development of Eurocode7 
was the introduction of partial factors on soil 
strength parameters. The application of partial fac-
tors to soils strength parameters is consistent with 
EN 1990 and similar to the way partial factors are 
applied to the material strengths in the other Euro-
codes. However, since this approach places the par-
tial factor closer to the source of the uncertainties in 
geotechnical calculations, it is very different to the 
traditional method of using overall safety factors. 

There was concern in many countries that the ap-
plication of partial factors on soils strengths was not 
appropriate in many geotechnical design situations 

and that partial factors should be applied to the resis-
tance instead as this allowed for better calibration 
with existing practice and experience. As a conse-
quence of this debate, the final EN version of Euro-
code 7 allows for partial factors to be applied to ei-
ther the soil strengths parameters or to the ground 
resistances within the framework of three design ap-
proaches and depending on the particular design 
situation. The reasons for applying partial factors to 
soil strength parameters or to ground resistances in a 
particular design situation is a an important issue for 
those involved in geotechnical design and also for 
those involved in geotechnical education. 

Another safety element introduced in Eurocode 7 
is the requirement in the design of embedded retain-
ing walls to allow for unexpected excavation or 
overdig in front of the wall. Overdig in front of re-
taining walls has a very significant effect on the 
safety of retaining walls and Eurocode 7 requires 
that an allowance is made for this by assuming that 
the depth of the excavations is increased by a certain 
amount. This is an example of a geometrical safety 
element. 

6 USE OF EUROCODE 7 IN GEOTECHNICAL 
EDUCATION 

6.1 Features of Soil and Eurocode 7 

As indicated by the comments in previous sections, 
the features of soil that have affected the way Euro-
code 7 has developed include the soil: 
- being a natural material 
- consisting of 2 or 3 phases 
- being non-homogeneous 
- being highly variable 
- being frictional 
- being ductile, 
- being compressible, and 
- having a stress-strain behaviour that is non-linear 

and complex. 
How these features compare with those of steel, 

and how they have been taken into account and have 
affected the development of Eurocode 7 are shown 
in Table 6, which is based on Orr (2006). Under-
standing these features of soil is essential to under-
standing soil behaviour and hence is an essential part 
of geotechnical education. Thus, when examining 
these features of soil in the teaching of soil mechan-
ics and geotechnical engineering, Eurocode 7 can be 
used to illustrate the relevance and significance of 
these features. 

6.2 Design Components and Soil Mechanics 
Aspects 

The relationship between the main components of 
geotechnical designs to Eurocode 7 and Burland’s 
four aspects of soil mechanics are indicated in Table



Table 4: Special features of soil and consequences for geotechnical design 

Soil Steel Consequences for Geotechnical Design 

1. Natural material Manufactured Properties are determined, not specified so ground investigation and 
testing part of design process 

2. Two or three phases Single phase Need to consider water and water pressures as well as soil properties 

3. Non-homogeneous Homogeneous Characteristic value is not 5% fractile of test results  

4. High variability Low variability Need to use judgement when selecting characteristic values 

5. Frictional Non-frictional Loads affect resistances so need care factoring permanent loads 

6. Ductile Not as ductile Causes load redistribution in structures so lower partial factors may be 
appropriate for structural loads 

7. Compressible Non-compressible Design often controlled by SLS, not by ULS 

8. Non-linear and complex Linear and simple SLS calculations often difficult so design is often carried out using 
ULS calculation 

 
4. This shows that the main design components and 
provisions of Eurocode 7 relate to and cover all of 
Burland’s aspects of soil mechanics. However, not 
all the Eurocode 7 design components are covered 
by Burland’s four aspects since they do not include 
the safety elements of geotechnical design and the 
assessment of the design complexity is not one of the 
aspects on the soil mechanics triangle. Similar to the 
soil mechanics triangle, a geotechnical design trian-
gle, shown in Figure 6, is proposed, with geometrical 
data, loads and geotechnical parameters, and limit 
state design as the three apexes and design complex-
ity linking these. Elements of the design components 
are shown by bars in Table 4 and Figure 6.  

As discussed in earlier sections, a safety element 
is associated with each of the Eurocode design com-
ponents and these are given in italics in Figure 6 and 
Table 4. With regard to complexity, Burland (2006) 
stated that he considered the main difficulty in soil 
mechanics was not so much in the complexity of the 
material as such, but in the fact that, all too often, the 

boundaries between the aspects become confused. In 
Eurocode 7, the design complexity and how it affects 
all the components of geotechnical design is an im-
portant consideration. Hence, design complexity is 
placed at the centre of the geotechnical design trian-
gle and linked to each of the design components. 
The way the complexity is addressed in designs to 
Eurocode 7 is by means of a risk assessment, maybe 
using the Geotechnical Categories. 

The design components and provisions in Euro-
code 7, including for example the requirement to 
distinguish between actions and resistances, should 
clarify and improve the geotechnical design process. 
Thus, like Burland’s aspects in teaching soil me-
chanics, the Eurocode 7 provisions provide a frame-
work for teaching geotechnical design. 

6.3 Well-Winnowed Experience and Eurocode 7 

Since work started on Eurocode 7 in 1981, its devel-
opment has progressed through a number of stages  

 

Table 7: Link between the Eurocode 7 design components and 

Burland’s aspects of soil mechanics 

Burland’s Aspects Eurocode 7 Components 

Ground profile 
- Genesis/geology 
- Site investigation 
- Soil description 

Geometrical data 
- Ground profile 
- Structural Geometry 
Nominal values 
Geometrical allowances, e.g. overdig 

Soil behaviour 
- Lab./field tests 
- Observation 
- Measurement 

Loads and Geotechnical parameters 
- Geotechnical investigations 
- Lab./field testing 
- Derived parameters 
Characteristic values 
Correlation factors, 

Appropriate model 
- Idealisation followed 

by evaluation 
- Conceptual or physi-

cal modelling 
- Analytical modelling 

Limit State Design 
- Calculations 
- Prescriptive measures 
- Load or model tests 
- An observational method 
Partial factors,  
Combination factors,
Limiting movements

- Precedent 
- Empiricism 
- Well-winnowed ex-

perience 

Design complexity 
- Comparable experience 
Risk assessment 
Geotechnical Categories 

 

 
- GROUND PROFILE 

- STRUCTURAL GEOMETRY 

- CONSIDERATION OF LIMIT STATES 

- CALCULATIONS 

- PRESCRIPTIVE MEASURES 

- LOAD OR MODEL TESTS 
- AN OBSERVATIONAL METHOD 

- GEOTECHNICAL INVESTIGATIONS 

- LAB./FIELD TESTING 

- DERIVED PARAMETERS 

DESIGN 

COMPLEXITY 

NOMINAL VALUES 

GEOMETRIC ALLOWANCES 
e.g OVERDIG 

GEOTECHNICAL 

PARAMETERS 

GEOMETRICAL 

DATA 

LOADS 

- COMPARABLE 
    EXPERIENCE 

CHARACTERISTIC 
VALUES 

CORRELATION 
FACTORS,  

PARTIAL FACTORS,  
COMBINATION 
FACTORS, 
ALLOWABLE 
DEFORMATIONS 

LIMIT 

STATE 

DESIGN 

RISK ASSESSMENT 

GEOTECHNICAL 
CATEGORIES 

 
Figure 6: Geotechnical design triangle 



that have included a model code stage, an ENV stage 
and an EN stage, as explained by Orr (2007), with 
many drafts being prepared at each stage. This work 
has involved many committees, both at European 
and national level, and has involved a large number 
of geotechnical engineers from most parts of Europe 
with different geotechnical design experiences. 

During the development of Eurocode 7, there was 
much discussion of the code and a very large number 
of comments were sent to the code drafters. These 
comments were considered when subsequent drafts 
were being prepared. For example, while the ENV 
version was being prepared, a total of 1,848 com-
ments were received on the draft ENV and these 
comments were all considered by the drafting panel 
and either accepted or rejected before the ENV ver-
sion was published. Furthermore, many design ex-
amples have been calculated using the various drafts 
of Eurocode 7 and the results of these examples have 
been compared to designs using existing codes. 

The changes that have been made to Eurocode 7 
as a result of the comments received has ensured that 
precedent and empiricism have been taken into ac-
count in the development of Eurocode 7 and are an 
example of the winnowing referred to by Burland, 
whereby aspects that are considered to be reliable 
have been retained and those are not reliable have 
been rejected. This process is still continuing as a 
Eurocode 7 Maintenance Group has been established 
to advise on changes required to Eurocode 7 as it is 
implemented. 

Since Eurocode 7 has been examined and dis-
cussed by more engineers than any previous geo-
technical design code, it is based on a very large 
amount of geotechnical experience. For this reason, 
it would be unwise for anyone involved in geotech-
nical education not to make use of this code when 
teaching geotechnical design. 

7 CONCLUSIONS 

Having examined the development of Eurocode 7 
and the relevance of its contents for geotechnical 
education, the following conclusions are made: 
- It provides a common harmonised basis for geo-

technical design in all the CEN member states, 
which will improve understanding and communi-
cation between geotechnical engineers 

- Its adoption of the limit state philosophy makes 
geotechnical design consistent with concrete and 
steel design 

- It provides the fundamental principles and a ra-
tional framework for the teaching of geotechnical 
design. Hence it will be beneficial and of general 
use at all levels in geotechnical education 

- It will stimulate research in geotechnical design 
- It moves geotechnical design from being a “black 

art”, with apparently arbitrary factors of safety 

that are different for each design situation, to be-
ing more consistent and coherent and hence is 
good for the image of geotechnical design. 

- It requires the designer, and hence the student, to 
consider all the relevant factors in any design 
situation and thus encourages the student to have 
an inquisitive approach to geotechnical design 

- It provides innovative guidance for the selection 
of parameter values in geotechnical design 

- It clarifies the distinction between loads and resis-
tances and other aspects in geotechnical design 
that can cause confusion both for students and 
those involved in geotechnical design 

- Since Eurocode 7 is due to replace the existing 
geotechnical codes in the CEN member states in 
2010, there is an urgent need for all third level 
civil engineering institutions in Europe to intro-
duce their students to the principles and require-
ments of Eurocode 7 and for practising geotech-
nical engineers also learn how to apply them. 
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