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ABSTRACT The current version of Part 1 of Eurocode 7, EN 1997-1 was published in 2004 and in 2010 superseded the previous national 
standards for geotechnical design in most of the CEN member countries. To ensure that European Standards remain current and state-of-the 
art documents, they are reviewed and revised regularly. Hence a review of Eurocode 7, and also the other Eurocodes, has been launched by 
CEN. In preparation for the later revision of Eurocode 7, a number of Evolution Groups were established by CEN TC250/SC7, which is re-
sponsible for the development and maintenance of Eurocode 7. Evolution Group 3 (EG3) was established to prepare model solutions of ex-
amples designed to Eurocode 7. In this paper by three EG3 members, the findings from some of these model solutions to examples involv-
ing spread foundations, pile foundations and a retaining wall are presented, together with the recommendations for changes to Eurocode 7
arising from them to clarify Eurocode 7 and improve its ease of use. The recommended changes include more guidance on the selection of 
characteristic values, the simplification and clarification of the partial factors and how they are applied, and guidance on how and when to 
take model uncertainty into account. Other factors mentioned to improve the clarity and improve Eurocode 7, but not discussed in detail, 
include the need for a section on reinforced earth, and more guidance on how to treat water pressures and serviceability limit state design.

RÉSUMÉ La version actuelle de la partie 1 de l'Eurocode 7, EN 1997-1 a été publiée en 2004 et en 2010, remplacé les anciennes normes 
nationales pour la conception géotechnique dans la plupart des pays membres de la CEN. Pour s'assurer que les normes européennes restent 
les documents actuels et état de l'art, ils sont revus et révisés régulièrement. C'est pourquoi un examen de l'Eurocode 7 et aussi les autres 
Eurocodes, a été lancé par le CEN. En prévision de la révision de l'Eurocode 7, un certain nombre de groupes d'évolution ont été établi par 
le CEN TC250/SC7, qui est responsable de l'élaboration et la maintenance de l'Eurocode 7. Groupe Evolution 3 (EG3) a été créé pour pré-
parer des solutions modèles de conceptions d'exemples à l'Eurocode 7. Dans cet article par trois membres EG3, les résultats de certaines de 
ces solutions de modèle aux exemples impliquant la propagation de fondations, pieux de fondations et un mur de soutènement sont présen-
tés, ainsi que les recommandations de modifications à l'Eurocode 7 découlant de ceux-ci à l'Eurocode 7 de clarifier et d'améliorer sa facilité 
d'utilisation. Les modifications recommandées comprennent davantage d'indications sur la sélection de valeurs caractéristiques, la simplifi-
cation et la clarification des facteurs partiels et comment elles sont appliquées et conseils sur comment et quand prendre l'incertitude du 
modèle en compte. Autres facteurs mentionnés d'améliorer la clarté et Eurocode 7, mais ne pas discuté en détail, notamment la nécessité 
d'un article sur terre armée et davantage d'indications sur la façon de traiter les pressions d'eau et sur la conception aux états limites de ser-
vice.

1 BACKGROUND

The European standard for geotechnical design, Eu-
rocode 7, has two parts: EN 1997-1 Eurocode 7 - Ge-
otechnical design - Part 1: General rules, which was
published by CEN, the European Committee for 
Standardization, in 2004 (CEN 2004), and EN 1997-2
Eurocode 7 - Geotechnical design - Part 2: Ground 

investigation and testing, which was published in 
2007 (CEN 2007). In 2010 Eurocode 7 superseded 
the previously existing national standards for ge-
otechnical design in the majority of the CEN member 
countries. Arising from the use of Eurocode 7 for ge-
otechnical design in Europe in the period since its 
publication, and particularly since it has superseded 
the previous national standards, engineers have had 
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to learn how to carry out geotechnical designs using
the limit state method with partial factors presented 
in Eurocode 7. This method is very different from the 
global factor design method that had been used in
most of the western European CEN member coun-
tries prior to 2010. Orr (2012) has examined how the 
introduction of Eurocode 7 has affected geotechnical 
design, particularly in Ireland and the UK.

CEN has an established process for reviewing and 
revising its standards. Hence Eurocode 7 is undergo-
ing a regular systematic review in 2015 followed by 
the preparation of a revised version of Eurocode 7, 
which is due for publication in 2020. In preparation 
for the systematic review and later revision of Euro-
code 7, the CEN subcommittee SC7, which is re-
sponsible for the development of Eurocode 7 and 
currently chaired by Dr. Andrew Bond, has estab-
lished 14 Evolution Groups to investigate different 
aspects of Eurocode 7 and to prepare proposals for its 
revision and future development. One of the aims in 
revising and developing the Eurocodes is to improve 
their ease of use. The authors of this paper are all 
members of Evolution Group 3 (EG3), whose pur-
pose is to prepare model solutions for design exam-
ples to Eurocode 7 and in this way assess the use of 
Eurocode 7 for particular designs and identify aspects 
that require clarification or change.

2 DESIGN EXAMPLES

EG3 has 12 members from 9 European countries and 
is preparing over 20 design examples which involve 
the following design situations:

• Spread foundations
• Pile foundations
• Retaining structures
• Uplift
• Heave
• Slope stability
• Embankments

These EG3 design examples are a development from 
the set of ten design examples that formed the basis 
of the workshop on Eurocode 7 held in Dublin in 
2005 (Orr 2005). Those examples all started from 
given characteristic values. The EG3 design exam-
ples, on the other hand, are more realistic in that they 
start from raw data and hence selection of the charac-

teristic values is part of the design process. Some of 
the examples and recommendations for changes and 
clarifications to Eurocode 7 arising from them are 
presented in the following sections. It is intended to 
publish details of these examples in 2015, with their 
model solutions and the recommendations for chang-
es to Eurocode 7.

3 SPREAD FOUNDATIONS

The spread foundation examples include square pad 
foundations subjected to vertical and inclined loads,
as well as spread foundations beneath gravity retain-
ing walls. The first pad foundation example is shown 
in Figure 1. It consists of a square pad founded at a 
depth of 1.0m in stiff clay that extends to great depth.
The foundation supports a characteristic permanent 
vertical load, Gk of 500kN, a characteristic variable
vertical load, Qv;k of 180kN and a characteristic hori-
zontal variable load, Qh;k of 100kN at a height of 
0.2m above the foundation, as shown in Figure 1. In-
formation about the ground properties was obtained 
in the form of SPT values from 6 boreholes plotted in
Figure 2.

Figure 1. Pad foundation example

The first stage in this example was to derive the 
soil’s undrained shear strength, cu from the N60 val-
ues. The correlation between N60 and cu by Stroud 
(1974), based on the soil’s plasticity index, was used 
to obtain the cu values shown in Figure 3. The char-
acteristic undrained shear strength, cu;k then had to be 
selected, where the characteristic value is defined in 
Clause 2.4.5.2(2)P of Eurocode 7 as “a cautious es-
timate of the value affecting the occurrence of the 
limit state”. The cu;k value was obtained by first de-
termining the mean cu value in the volume of soil af-
fecting the occurrence of the limit state, which is the 
ultimate limit state of bearing failure. This volume 
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Figure 2. N60 values vs. depth below ground level

was assumed to be the soil between the founding 
depth at 1m below the ground level and at a further 
depth of 2m, estimated to be about 2/3 the foundation 
width. The mean cu values in this volume are shown 
by the mean trend line in Figure 3 and the estimated 
cu;k values by the dotted line. From these lines, the 
mean and characteristic cu values in the middle of the 
relevant volume at a depth of 2.0m are 45kPa and 
32kPa, respectively.

In this example, a very cautious cu;k value has been 
selected because of the large variability in the N60
values and uncertainty in the reliability of the corre-
lation between cu and N60. While Eurocode 7 has 
purposely not been prescriptive concerning how soil 
variability and correlation uncertainty should be tak-
en into account, and hence how cautious the charac-
teristic value should be, more clarification on this in 
a revised version of Eurocode 7 or guidance docu-
ments would be helpful. It is anticipated the revised 
version of Eurocode 7 will provide such guidance.

The second spread foundation example is a 
square pad foundation resting on a significant depth 
of silty sand. The soil properties were determined 
from four CPT tests. For this foundation, it is found 
that the serviceability limit state, i.e. the settlements, 
control the design, rather than the ultimate limit state 
of bearing failure. However, the calculation model in 
Annex D of Eurocode 7 Part 2 for estimating settle-
ment from CPT qc values is not well explained nor is 
it clear how the vertical strain influence factor, Iz is 

Figure 3. Trend line and characteristic cu values

calculated. Indeed the difficulty in using the calcula-
tion model in Annex D raises the question as to how 
appropriate it is to include specific calculation mod-
els in Eurocode 7, even in an Annex, and, if they are 
included, how much detail they should provide.

4 PILE FOUNDATIONS

A number of pile design examples are being prepared 
by EG3 and, arising from the solutions prepared for 
these, the following observations are made and sug-
gestions are proposed for changes and clarifications 
to Eurocode 7:

• While Eurocode 7 provides many partial factors 
for the design of different types of piles, no cal-
culation models are provided and hence, de-
pending on the calculation model chosen and 
assumptions made, the resulting pile designs 
can differ greatly. As noted in the previous sec-
tion, this raises the question as to whether cal-
culation models should be included in Euro-
code 7 in order to reduce such variation in pile 
designs. A further question raised by this is 
how uncertainty in a particular calculation 
model should be taken into account in a ge-
otechnical design. At present, according to EN 
1990 (CEN 2002), the partial factors account 
for model uncertainty. Since the partial factors 
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was assumed to be the soil between the founding 
depth at 1m below the ground level and at a further 
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width. The mean cu values in this volume are shown 
by the mean trend line in Figure 3 and the estimated 
cu;k values by the dotted line. From these lines, the 
mean and characteristic cu values in the middle of the 
relevant volume at a depth of 2.0m are 45kPa and 
32kPa, respectively.

In this example, a very cautious cu;k value has been 
selected because of the large variability in the N60
values and uncertainty in the reliability of the corre-
lation between cu and N60. While Eurocode 7 has 
purposely not been prescriptive concerning how soil 
variability and correlation uncertainty should be tak-
en into account, and hence how cautious the charac-
teristic value should be, more clarification on this in 
a revised version of Eurocode 7 or guidance docu-
ments would be helpful. It is anticipated the revised 
version of Eurocode 7 will provide such guidance.
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square pad foundation resting on a significant depth 
of silty sand. The soil properties were determined 
from four CPT tests. For this foundation, it is found 
that the serviceability limit state, i.e. the settlements, 
control the design, rather than the ultimate limit state 
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calculated. Indeed the difficulty in using the calcula-
tion model in Annex D raises the question as to how 
appropriate it is to include specific calculation mod-
els in Eurocode 7, even in an Annex, and, if they are 
included, how much detail they should provide.

4 PILE FOUNDATIONS

A number of pile design examples are being prepared 
by EG3 and, arising from the solutions prepared for 
these, the following observations are made and sug-
gestions are proposed for changes and clarifications 
to Eurocode 7:

• While Eurocode 7 provides many partial factors 
for the design of different types of piles, no cal-
culation models are provided and hence, de-
pending on the calculation model chosen and 
assumptions made, the resulting pile designs 
can differ greatly. As noted in the previous sec-
tion, this raises the question as to whether cal-
culation models should be included in Euro-
code 7 in order to reduce such variation in pile 
designs. A further question raised by this is 
how uncertainty in a particular calculation 
model should be taken into account in a ge-
otechnical design. At present, according to EN 
1990 (CEN 2002), the partial factors account 
for model uncertainty. Since the partial factors 
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are the same for all calculation models, if Euro-
code 7 were to recommend or provide different 
calculation models, then it should also provide 
a model factor for each model in order to 
achieve the required safety level.

• To determine characteristic pile resistances 
from pile load test results and from soil test 
profiles, Eurocode 7 provides correlation fac-
tors, which are applied to the mean and mini-
mum pile resistances that take account of spa-
tial variability in soil properties. Pile resistances 
calculated from soil test profiles have much 
more uncertainty than resistances measured in 
pile load tests. Hence, particularly for small 
numbers of test profiles, it is suggested that ei-
ther the correlation factors for profiles of tests 
need to be increased compared to those for pile 
load tests or more guidance is required on how 
to select appropriately cautious mean parameter 
values when using profiles of test results.

• When the soil test profiles for pile design are 
obtained from several boreholes, the authors 
suggest that, rather than calculating the mean 
and minimum pile resistances from the test pro-
files from each borehole, Eurocode 7 should al-
low the test data from all the boreholes to be 
combined so that an overall mean resistance 
and a minimum resistance that reflects the vari-
ability in the pile resistance are determined 
from all the test data. Then appropriate correla-
tion factors, depending on the number of bore-
holes, are applied to the mean and minimum re-
sistance values. For example if cu values were 
obtained from three boreholes, the resistance 
calculated from the mean cu would be divided 
by ξ3 = 1.33 and the resistance calculated from 
the minimum cu value divided by ξ4 = 1.23.

• The recommended partial resistance factors in 
Eurocode 7 for piles in compression and ten-
sion are almost the same for each Design Ap-
proach; for example for DA2 they are 1.10 and 
1.15. Because the consequences of failure of a 
pile in tension are usually more serious than in 
compression, it is suggested that the partial fac-
tor for tensile resistance should be increased.

• A new sub-section with requirements for the 
design of piled raft foundations is needed, as 
these have become popular in recent years.

5 GRAVITY RETAINING WALLS

The design examples include two gravity retaining 
walls. One is the reinforced concrete stem retaining 
wall resting on firm clay shown in Figure 4. 

Figure 4. Reinforced concrete stem retaining wall

From SPT results, the characteristic undrained 
shear strength affecting the occurrence of bearing
failure was estimated to be 35kPa. This wall has been 
analysed against the occurrence of bearing failure us-
ing the recommended partial factors in Eurocode 7 
for the three Design Approaches. The widths, B, of 
the heel of the retaining wall to satisfy the ultimate 
limit state are given in Table 1 for the following con-
ditions: (a) when the vertical loads are unfavourable,
and (b) when the vertical loads are favourable. The 
largest of these widths is the design width, B. Only 
the values for Combination 2 of DA1, i.e. DA1.C2,
are given as these are all greater than those for
DA1.C1 and hence are the controlling DA1 values.

The results in Table 1 show that, for this example, 
DA1 and DA3 give similar design foundation widths 
of 4.7m and 4.8m. For DA1, the design foundation 
width is obtained when the vertical loads are treated 
as being favourable while for DA3 it is obtained 
when the vertical loads are treated as being unfa-
vourable. The design foundation widths obtained us-
ing DA2 and DA2* are 4.4m and 3.2m and are ob-
tained when treating the vertical load as favourable. 
These foundations widths, particularly the DA2* 
width, are less than those obtained using DA1 and 
DA3. Frank et al. (2004) obtained similar results for 

Qk = 12 kPa

4 m

1 m

Firm clay

Fill material
(granular soil with significant silt 
and clay content)

Weep-
hole

B

Table 1: Soil resistance on side wall
Design condition DA1.C2 DA2 DA2* DA3

(a) Vertical loads favourable 4.6 4.4 3.2 4.8

(b) Vertical loads unfavourable 4.7 4.0 2.7 4.7

Design width, B 4.7 4.4 3.2 4.8

Controlling condition (b) (a) (a) (a)

their Example 6.2 of a spread foundation for a tower 
with a lateral load and for their Example 9.1 of a 
concrete stem retaining wall.

The difference between the foundations widths ob-
tained using DA2 and DA2* arises because in DA2 
the partial factors are applied to the loads at the start 
of the analysis and before calculating the load eccen-
tricity, while in DA2*, which is not referred to in Eu-
rocode 7 but has been defined by Frank et al. (2004), 
the partial action factors are only applied to the ac-
tions to obtain the action effect at the end of the anal-
ysis so that the load eccentricity, and hence the de-
sign resistance, are calculated using unfactored loads.
The present version of Eurocode 7 does not state 
when the partial factors should be applied in such a 
design situation and the authors recommend that this 
should be clarified when Eurocode 7 is being revised.

6 SOIL RESISTANCE ON WALLS

A curious situation can arise in the case of soil re-
sistance on the side walls of buried structures. Con-
sider the case shown in Figure 5 of a buried structure 
in coarse soil with a mean φ' = 31o and subjected to 
uplift pressure, U resisted by the weight of the struc-
ture, W and the soil resistance, R on the side walls.

Figure 5. Buried structure subjected to uplift

Table 2: Soil resistance on side wall
φ' (o) Ka tanδ Katanδ OFS

φ'k;inf = 29.0 0.297 0.351 0.105

φ'd;inf = 23.9 0.368 0.286 0.105 1.00

φ'k;sup = 33.0 0.251 0.404 0.101

φ'd;sup = 39.1 0.191 0.489 0.093 1.09

The soil resistance, R on the vertical side walls of 
such a structure is assumed to be a function of 
Katanδ, where Ka is the coefficient of active earth 
pressure from the soil mass, which is a function of φ', 
and δ is the angle of friction of the soil on the soil-
wall boundary and it is assumed δ = (2/3)φ'. It is also 
assumed that δ is based on the same φ' as Ka.

An inferior characteristic φ' value, φ'k;inf = 29o, is 
obtained by adopting a cautious lower estimate of φ'. 
This uplift situation may be analysed as either a UPL 
ultimate limit state, where UPL is loss of equilibrium 
of the structure or the ground due to uplift by water 
pressure (buoyancy) or other vertical actions, or as a 
GEO ultimate limit state, where failure or excessive 
deformation of the ground occurs, in which the 
strength of soil or rock is significant in providing re-
sistance. Using the Eurocode 7 recommended partial 
material factor on tanφ', the characteristic and design 
values of Katanδ are given in Table 2. The design 
value φ'd is obtained by dividing tanφ'k by the rec-
ommended partial factor equal to 1.25, which is the 
same for the UPL and GEO ultimate limit states. The 
characteristic and design Katanδ values obtained us-
ing the inferior characteristic and design φ' values are 
both equal to 0.105, as shown by the first two Katanδ
values in Table 2, so that the overall factor of safety, 
OFS = Ka;ktanδk/Ka;dtanδd = 1.0. Therefore, in this 
example, applying the partial factor to φ'k;inf to obtain 
φ'd;inf provides no margin of safety on the design side 
wall resistance because the reduction in tanδ due to 
the factoring is balanced by the increase in Ka.

If a superior characteristic φ' value, φ'k;sup = 33o,
which is a cautious higher estimate of the φ' value af-
fecting the occurrence of the limit state, is selected 
instead and the φ'd;sup value is obtained by multiply-
ing tanφ'k;sup by the partial factor of 1.25, as suggest-
ed by Bond & Harris (2008), then the second pair of 
characteristic and design Katanδ values shown in Ta-
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suggest that, rather than calculating the mean 
and minimum pile resistances from the test pro-
files from each borehole, Eurocode 7 should al-
low the test data from all the boreholes to be 
combined so that an overall mean resistance 
and a minimum resistance that reflects the vari-
ability in the pile resistance are determined 
from all the test data. Then appropriate correla-
tion factors, depending on the number of bore-
holes, are applied to the mean and minimum re-
sistance values. For example if cu values were 
obtained from three boreholes, the resistance 
calculated from the mean cu would be divided 
by ξ3 = 1.33 and the resistance calculated from 
the minimum cu value divided by ξ4 = 1.23.

• The recommended partial resistance factors in 
Eurocode 7 for piles in compression and ten-
sion are almost the same for each Design Ap-
proach; for example for DA2 they are 1.10 and 
1.15. Because the consequences of failure of a 
pile in tension are usually more serious than in 
compression, it is suggested that the partial fac-
tor for tensile resistance should be increased.

• A new sub-section with requirements for the 
design of piled raft foundations is needed, as 
these have become popular in recent years.

5 GRAVITY RETAINING WALLS

The design examples include two gravity retaining 
walls. One is the reinforced concrete stem retaining 
wall resting on firm clay shown in Figure 4. 

Figure 4. Reinforced concrete stem retaining wall

From SPT results, the characteristic undrained 
shear strength affecting the occurrence of bearing
failure was estimated to be 35kPa. This wall has been 
analysed against the occurrence of bearing failure us-
ing the recommended partial factors in Eurocode 7 
for the three Design Approaches. The widths, B, of 
the heel of the retaining wall to satisfy the ultimate 
limit state are given in Table 1 for the following con-
ditions: (a) when the vertical loads are unfavourable,
and (b) when the vertical loads are favourable. The 
largest of these widths is the design width, B. Only 
the values for Combination 2 of DA1, i.e. DA1.C2,
are given as these are all greater than those for
DA1.C1 and hence are the controlling DA1 values.

The results in Table 1 show that, for this example, 
DA1 and DA3 give similar design foundation widths 
of 4.7m and 4.8m. For DA1, the design foundation 
width is obtained when the vertical loads are treated 
as being favourable while for DA3 it is obtained 
when the vertical loads are treated as being unfa-
vourable. The design foundation widths obtained us-
ing DA2 and DA2* are 4.4m and 3.2m and are ob-
tained when treating the vertical load as favourable. 
These foundations widths, particularly the DA2* 
width, are less than those obtained using DA1 and 
DA3. Frank et al. (2004) obtained similar results for 

Qk = 12 kPa

4 m

1 m

Firm clay

Fill material
(granular soil with significant silt 
and clay content)

Weep-
hole

B

Table 1: Soil resistance on side wall
Design condition DA1.C2 DA2 DA2* DA3

(a) Vertical loads favourable 4.6 4.4 3.2 4.8

(b) Vertical loads unfavourable 4.7 4.0 2.7 4.7

Design width, B 4.7 4.4 3.2 4.8

Controlling condition (b) (a) (a) (a)

their Example 6.2 of a spread foundation for a tower 
with a lateral load and for their Example 9.1 of a 
concrete stem retaining wall.

The difference between the foundations widths ob-
tained using DA2 and DA2* arises because in DA2 
the partial factors are applied to the loads at the start 
of the analysis and before calculating the load eccen-
tricity, while in DA2*, which is not referred to in Eu-
rocode 7 but has been defined by Frank et al. (2004), 
the partial action factors are only applied to the ac-
tions to obtain the action effect at the end of the anal-
ysis so that the load eccentricity, and hence the de-
sign resistance, are calculated using unfactored loads.
The present version of Eurocode 7 does not state 
when the partial factors should be applied in such a 
design situation and the authors recommend that this 
should be clarified when Eurocode 7 is being revised.

6 SOIL RESISTANCE ON WALLS

A curious situation can arise in the case of soil re-
sistance on the side walls of buried structures. Con-
sider the case shown in Figure 5 of a buried structure 
in coarse soil with a mean φ' = 31o and subjected to 
uplift pressure, U resisted by the weight of the struc-
ture, W and the soil resistance, R on the side walls.

Figure 5. Buried structure subjected to uplift

Table 2: Soil resistance on side wall
φ' (o) Ka tanδ Katanδ OFS

φ'k;inf = 29.0 0.297 0.351 0.105

φ'd;inf = 23.9 0.368 0.286 0.105 1.00

φ'k;sup = 33.0 0.251 0.404 0.101

φ'd;sup = 39.1 0.191 0.489 0.093 1.09

The soil resistance, R on the vertical side walls of 
such a structure is assumed to be a function of 
Katanδ, where Ka is the coefficient of active earth 
pressure from the soil mass, which is a function of φ', 
and δ is the angle of friction of the soil on the soil-
wall boundary and it is assumed δ = (2/3)φ'. It is also 
assumed that δ is based on the same φ' as Ka.

An inferior characteristic φ' value, φ'k;inf = 29o, is 
obtained by adopting a cautious lower estimate of φ'. 
This uplift situation may be analysed as either a UPL 
ultimate limit state, where UPL is loss of equilibrium 
of the structure or the ground due to uplift by water 
pressure (buoyancy) or other vertical actions, or as a 
GEO ultimate limit state, where failure or excessive 
deformation of the ground occurs, in which the 
strength of soil or rock is significant in providing re-
sistance. Using the Eurocode 7 recommended partial 
material factor on tanφ', the characteristic and design 
values of Katanδ are given in Table 2. The design 
value φ'd is obtained by dividing tanφ'k by the rec-
ommended partial factor equal to 1.25, which is the 
same for the UPL and GEO ultimate limit states. The 
characteristic and design Katanδ values obtained us-
ing the inferior characteristic and design φ' values are 
both equal to 0.105, as shown by the first two Katanδ
values in Table 2, so that the overall factor of safety, 
OFS = Ka;ktanδk/Ka;dtanδd = 1.0. Therefore, in this 
example, applying the partial factor to φ'k;inf to obtain 
φ'd;inf provides no margin of safety on the design side 
wall resistance because the reduction in tanδ due to 
the factoring is balanced by the increase in Ka.

If a superior characteristic φ' value, φ'k;sup = 33o,
which is a cautious higher estimate of the φ' value af-
fecting the occurrence of the limit state, is selected 
instead and the φ'd;sup value is obtained by multiply-
ing tanφ'k;sup by the partial factor of 1.25, as suggest-
ed by Bond & Harris (2008), then the second pair of 
characteristic and design Katanδ values shown in Ta-

Orr, Klosinski and Lees
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ble 2 are obtained. In this case the characteristic and 
design Katanδ values are not the same but the margin 
of safety on the design side wall resistance is still low 
as the OFS = 0.101/0.093 = 1.09. This situation 
would not arise if a resistance factor approach were 
adopted and a partial resistance factor were applied 
to the characteristic side wall resistance. However, 
Eurocode 7 does not provide any recommended par-
tial resistance factors specifically for side wall re-
sistance in the case of either a GEO ultimate limit 
state, apart from a partial resistance factor for earth 
resistance, or a UPL ultimate limit state, where par-
tial resistance factors are only provided for tensile 
pile resistance and anchorage resistance. 

This example demonstrates the need for caution 
when calculating the design side wall resistance on 
buried structures in drained conditions and the need 
to consider possibly using superior instead of inferior 
characteristic values. Also it is important to consider 
whether the soil in the shearing zone on the boundary 
with the wall has the same friction angle as the soil in 
the soil mass. It is suggested that Eurocode 7 should 
offer guidance on these aspects. It should also rec-
ommend caution concerning possible low margins of 
safety in situations where factoring φ’ reduces tanδ
and increases Ka by similar amounts, and should rec-
ommend partial resistance factors for the resistance 
on the side walls of buried structures.

7 OTHER RECOMMENDED CHANGES

Many other recommended changes to Eurocode 7 
have arisen from the work on the design examples by 
EG3. Some of these recommended changes have also 
been identified by the other SC7 evolution groups or 
others involved in Eurocode 7 and it is anticipated 
that many of these changes will be taken into account 
in the upcoming revision of Eurocode 7. Changes 
that the authors consider to be particularly important 
for the revised version include:

• Clarification on the selection of appropriate
characteristic values of water pressure and how 
these should be treated in ULS verifications.

• Clarification on hydraulic heave and the use of 
Equations 2.9a and 2.9b, so that significantly 
different results are not obtained for the same 
design situation.

• A section on reinforced earth.
• Guidance on the use of numerical methods

(Lees 2013).
• More guidance and emphasis on serviceability 

limit state design, including guidance on taking 
account of non-linear soil stiffness.

As noted above, it is intended to publish in 2015 
details of the EG3 design examples with their model 
solutions and the recommendations for changes to 
Eurocode 7 arising from them. Some of these are 
mentioned in the different sections of this paper, such 
as the recommendations for requirements for the de-
sign of raft foundations and guidance on the selection 
of characteristic φ‘ values in the case of uplift. These 
and other recommendations for changes should clari-
fy Eurocode 7 and make it easier to use.
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ABSTRACT  Three conditions of effective learning have been reported: active learning by doing, cooperation and teamwork in learn-
ing and learning through problem solving, essential to promote creativity and innovative capacity. Project-based learning can help to 
promote such skills in engineering programs as it allows recreating professional reality and relating fundamental theories and skills of an 
engineer. High-level thinking and sound judgment is developed through accumulated authentic professional experience by engineers. For 
engineering students a similar process can be triggered by a teaching environment which enables simulating and stimulating such skills. 
To prepare better professional and enhance students' employability Civil Engineering students of University of Aveiro, Portugal, have 
undertaken several modules on Geotechnics where a project based learning model has been used. These group projects included open-
ended realistic scenarios tackled using different tools (spreadsheets and software). This paper refers to a module on Foundations. A col-
laborative project-based learning model was implemented. Students' perceptions on the added value of the project were collected using a 
questionnaire and are discussed. Most students had attended two modules on Soil Mechanics where a similar learning model was used, 
but initially they had negative reactions to it. Students report a severe workload; however their estimates match the expected working 
hours. The model has been evolving in order to optimise the learning and address the students’ feedback. 
 
RÉSUMÉ  Trois conditions de l'apprentissage efficace ont été rapportées, indispensables à la créativité et capacité d'innovation: 
l’apprentissage actif par la pratique; la coopération et l’esprit d'équipe ; et l'apprentissage par la résolution de problèmes. L’apprentissage 
par projet permet de recréer la réalité professionnelle en concernant les théories fondamentales et les compétences d'un ingénieur. Une ré-
flexion de haut niveau et un bon jugement sont développés grâce à une expérience professionnelle authentique accumulée par les ingé-
nieurs. Pour les élèves ingénieurs, un processus similaire peut être déclenché par un milieu d'enseignement qui permet de simuler et de 
stimuler ces compétences. Pour préparer des professionnels meilleurs en génie civil, des étudiants de l'Université d'Aveiro (Portugal), ont 
entrepris plusieurs modules sur la géotechnique où un projet d'apprentissage modèle a été utilisé. Ces projets de groupe incluent des scé-
narios réalistes, flexibles, ouverts, abordés à l'aide de différents outils (feuilles de calcul et software). Cet article fait référence à un mo-
dule sur fondations. Un modèle d'apprentissage collaboratif axé sur le projet a été mis en place. Les perceptions des étudiants sur la va-
leur ajoutée du projet ont été recueillies à l'aide d'un questionnaire et sont discutées. La plupart des étudiants ont assisté à deux modules 
sur la mécanique des sols où un modèle d'apprentissage semblable a été utilisé, mais au départ, ils ont eu des réactions négatives. Les 
élèves parlent d’une charge de travail sévère; cependant leurs estimations correspondent à l'horaire de travail prévu initialement. Le mo-
dèle a évolué afin d'optimiser l'apprentissage et  répondre au feedback des étudiants. 
 

1 INTRODUCTION 

Civil Engineering students of University of Aveiro, 
Portugal, have undertaken several modules on Ge-
otechnics where a project-based learning model has 
been used. Such models were firstly implemented in 
2007/2008 on two modules of the 3rd year of the inte-
grated master in Civil Engineering: Soil Mechanics I 

and Soil Mechanics II. Their implementation, the 
projects used and reflections on its impact on stu-
dents have been previously discussed by Pinho-
Lopes et al. (2011), Pinho-Lopes (2012a, 2012b) and 
Pinho-Lopes & Macedo (2013, 2014). 

This paper refers to a subsequent module on 
Foundations and Retaining Structures (4th year), 
where a similar approach has been used. 


