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Abstract: The selection of geotechnical parameters is a key aspect of geotechnical design. However, how the values of
ground parameters should be defined and selected for use in geotechnical designs is a matter that has caused much debate,
particularly in recent years with the development of limit state design codes, such as Eurocode 7. Eurocode 7 is one of a
series of codes for structural and geotechnical design, all with the same basis of design set out in the head Eurocode with
partial factors applied to characteristic parameter values originally defined statistically for structural materials as a particular
fractile of an unlimited test series in order to achieve the required reliability. The purely frequentist definition of the
characteristic value was not considered appropriate for geotechnical parameters and consequently, with so many uncertainties
associated with geotechnical parameters, an alternative definition was adopted that was more Bayesian yet aimed to achieve
the required reliability. The development of the definition of the characteristic value in Eurocode 7 is traced. Also some
statistical equations that have been proposed to evaluate the characteristic value are presented and compared using an
example. As part of the process to produce a second generation of the Eurocodes, Eurocode 7 is being revised taking into
account developments in geotechnics since its publication. One of the revisions that is likely to be introduced is more
guidance on the use of statistical methods and the introduction of equations to assist the designer assess the characteristic
value of geotechnical parameters.
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1

Origin and Background to Eurocode 7

Work of the preparation of a set of harmonized design codes of practice, called the Eurocodes, for structural
design was started in 1974 by the Commission of the European Community. Initially the Eurocodes were for
manufactured materials, such as concrete and steel. It was decided that the Eurocodes should be based on the
limit state design method with partial factors applied to characteristic parameter values, which was a new
concept for structural design at that time. The reference document chosen for the Eurocodes was the CEB-FIP
Model Code for Concrete Structures, which was the second volume of the International System of Unified
Standard Codes of Practice for Structures published jointly by the Euro-International Committee for Concrete
(CEB) and the International Federation for Pre-stressing (FIP) in 1978 (CEB-FIP 1978). A number of Western
European countries had already published and were using limit state structural codes, for example CP 110: Code
of Practice for the Structural Use of Concrete (BSI 1972) in the UK and the limit state design method was
gaining international acceptance. In his Story of Eurocode 7, Orr (2008) explained how an Ad-hoc committee,
consisting of ISSMFE members from each of the 9 European Community countries at that time, was formed in
1981 to draft a model code for Eurocode 7 based on the limit state method. Professor Niels Krebs Ovesen was
appointed chair of this committee. This was appropriate because Denmark was the only Western European
country at that time that had a limit state geotechnical design code.
When work started in 1981 on drafting a model code for Eurocode 7 it used the Danish Code of Practice for
Foundation Engineering, (DGI 1978) as a background document. This code stated that “design values of loads,
strength and deformation parameters can be found by multiplying or dividing (whichever produces the most
adverse values) the corresponding characteristic values by the respective partial coefficients”. With regard to
the selection of the characteristic values of the properties of soils, the Danish code stated that “The number of
measurements of these geotechnical properties is normally too small to allow the test results to be statistically
processed in the usual way, The characteristic values must therefore be established by a careful estimate based
on the relevant measurement results”. The Danish code provided very little guidance on the selection of
characteristic values and no comment on how cautious it should be or on the effects of aspects such as soil
variability or the limited number of test results on the characteristic value, nor did it mention the probability of
failure or the reliability of geotechnical designs. Instead it cautioned against the use of statistical methods.
2

Model Code for Eurocode 7

The Draft Model for Eurocode 7 was submitted to the European Commission in 1987, but not published. In this
Draft Model Code, it is stated that: “Design values may be derived using the method of partial factors. In this
approach, representative actions (i.e. loads and imposed displacements) and representative material parameters
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are first selected. Design values are derived from these by applying the partial factors”. It also states that design
values may be obtained directly. It stated that “Representative values of soil and rock properties must be based
on a careful assessment of the range of values which might govern the field behavior during the lifetime of the
structure. This assessment must take account of geotechnical and other background information, such as
relevant data from previous projects and the results of laboratory and field measurements”. A further statement
was that: “Representative values must be selected such that, in the opinion of the designer, the probability of a
more adverse value governing the field behavior is not greater than 5%”. A guide to this stated that “For
parameters for which the relevant values in the field are well established with little uncertainty, the
representative value may be taken as the best estimate of the value in the field. Where there is greater
uncertainty the representative value is somewhat more conservative”.
A further guidance paragraph stated “In establishing a representative value of a material parameter, it might
sometime be helpful to derive a characteristic value from test results using statistical methods. However, it is
emphasized that this analysis will rarely lead directly to representative values since these depend on the
designer’s assessment of the field situation”. The final guidance paragraph on the selection of representative
values of material properties stated: “The choice of the representative value is not dependent of the severity of
the limit state under consideration. However, the choice is often dependent of the mechanism or mode of
deformation being considered”.
Hence in the Model Code, partial factors are applied to representative values rather than characteristic
values of soil properties. It also states that characteristic soil property values might be derived using statistical
methods but notes that this approach will rarely lead directly to representative values since these will depend on
the designer’s assessment of the field situation. Thus in the Model Code, the concept of a characteristic value is
directly linked to the use of statistics. The Model Code also lists and elaborates on the factors affecting the
selection of the representative value, such as the extent of the zone of failure and whether the ground is fissured
or not.
3

EN 1990 and Characteristic Values

Since the Eurocodes were intended to be a harmonized set of codes for designs involving different materials, a
head code giving the basis of design for all structural materials was prepared. This document was published as
EN 1990: Eurocode - Basis of Structural Design. This code provides the limit state design method for all the
Eurocodes, including Eurocode 7 for geotechnical design, even though the title of EN 1990 only mentions
structural design. Since the limit state design method in EN 1990 is based on the application of partial factors to
appropriate values of actions and parameter values to determine design values for use in design calculations,
definitions were required for these values. In the case of actions, representative values of actions are multiplied
by partial factors where a representative action “may be the characteristic value (Fk) or an accompanying value
(ψFk)” and the characteristic value of an action is defined as the “principal representative value of an action”. A
note to this states that “In so far as a characteristic value can be fixed on statistical bases, it is chosen so as to
correspond to a prescribed probability of not being exceeded on the unfavourable side during a reference period
taking into account the design working life of the structure and the duration of the design situation”.
In the case of a material parameter or resistance, the characteristic value, Xk or Rk, is divided by a partial
factor, gM or gR whose value is greater than or equal to unity, to obtain the design value, Xd or Rd , i.e. Xd =- Xk/gM
and Rd =- Rk/gM. EN 1990 defines the characteristic value as the “Value of a material or product property having
a prescribed probability of not being attained in a hypothetical unlimited test series. This value generally
corresponds to a specified fractile of the assumed statistical distribution of the particular property of the
material or product. A nominal value is used as the characteristic value in some circumstances”. A nominal
value is defined as a “value normally used as a characteristic value and established from an appropriate
document such as a European Standard or Prestandard”. Selection of the characteristic value takes account of
uncertainty due to soil variability, testing errors and other sources of uncertainty. The partial factor, whose value
is chosen by each national standards organization, provides the required level of safety in each country. The
combination of the characteristic value and the partial factor provides the required reliability for .designs to
Eurocode 7.
As can be seen from these definitions for the representative characteristic values of actions and material
properties, the characteristic values of actions are chosen in relation to probability of exceedance while the
characteristic values of material properties are chosen as a fractile of an assumed statistical distribution. The
definition for the characteristic value of a material property as a fractile of an assumed statistical distribution was
chosen because the Eurocodes were originally intended for manufactured materials prepared under controlled
conditions where a large number of test results is available and the variability of the material in the structural
element is small. In this design situation it is appropriate and feasible to determine characteristic values
statistically from the results of test results. However, in geotechnical design, the number of test results in relation
to the volume of soil involved is usually very small and because soil is often quite variable, the purely statistical
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or frequentist definition of the characteristic value of a material property in the code text of EN 1990 is not
suitable for geotechnical design. The use of prior knowledge and Bayesian methods for determining the
characteristic value are only mentioned in EN 1990 in an Annex on Design assisted by testing, which is relevant
for geotechnical design where parameter values are obtained from the results of field and or laboratory tests.
4 ENV 1997-1 and Characteristic Values
Once the Draft Model for Eurocode 7 had been submitted to the European Commission, work started on drafting
the trial, i.e. ENV, version of Eurocode 7. While work was progressing on drafting the ENV version, the
organization of the Eurocodes work was transferred in 1991 from the European Commission to CEN, the
European Committee for Standardization, under the direction of committee TC250/SC7 Eurocode 7. The ENV
version was published by CEN in 1994. Unlike the Draft Model code, which had more the form of a technical
report with paragraphs covering the different aspects, some of which were quite long and covered more than one
aspect, the ENV was written in the form of a code with separate numbered clauses for each requirement and
guidance statement. With regard to the selection of characteristic values of geotechnical parameters, the ENV
stated “The characteristic value of a soil or rock parameter shall be selected as a cautious estimate of the value
affecting the occurrence of the limit state” and with regard to the extent of the zone affecting the occurrence of
the limit state, noted that it is usually much larger than the extent of the zone in a soil or rock test and
consequently “the governing parameter is often a mean value over a certain surface or volume of the ground.
The characteristic value is a cautious estimate of this mean value”.
In addition the ENV provided clauses which stated that what the selection of the characteristic value should
be based on and should take account of which included the results of laboratory and field tests, possible
differences between the properties measured in tests and the properties governing the behavior of the structure
due to factors such as fissures, time effects, brittleness or ductility of the soil and rock tested, geological and
other background information such as data from previous projects, the variabilities of the property values, the
extent of the zone of ground governing the behavior of the geotechnical structure at the limit state being
considered, the influence of workmanship on artificially placed or improved soils, and the effect of construction
activities on the properties of in-situ ground.
With regard to the use of statistical methods to determine the characteristic value of ground properties, the
ENV took a more positive view than the Model Code as it stated “Statistical methods may be employed in the
selection of characteristic values for ground properties. Such methods should allow a priori knowledge of
comparable experience with ground properties to be taken into account for example by means of Bayesian
statistical methods” and added “If statistical methods are used, the characteristic value should be derived such
that the calculated probability of a worse value governing the occurrence of a limit state is not greater than 5%”.
Therefore the ENV was written to be consistent with EN 1990, with partial material factors applied to
characteristic ground parameter values of rather than to representative values. Like the Model Code, the ENV
allowed design values to be assessed directly, but stated in that situation “they should be selected such that a
more adverse value is extremely unlikely to affect the occurrence of the limit state”.
5 EN 1997-1 and Characteristic Values
Once the ENV version of Eurocode 7 had been approved by SC7, work started on drafting the standard version
of Eurocode 7, EN 1997-1, which was published by CEN in 2004. In this version, partial factors are applied to
characteristic values of ground properties, as in the ENV, but also to characteristic resistances to obtain design
values. With regard to the selection of the characteristic value, much of the text in the EN is very similar or
identical to the text in the ENV. For example the definition of the characteristic value as the value that “shall be
selected as a cautious estimate of the value affecting the occurrence of the limit state” is identical to that in the
ENV. However, in addition to stating that its selection shall be based on the results of field and laboratory tests,
it adds that its selection shall “complemented by well-established experience”. In addition to the factors
mentioned in the EN that should be taken into account when selecting the characteristic value, the EN mentions
other factors that should be taken into account or considered including the greater variance of c' compared to that
of tanj', other relevant information, e.g. from existing knowledge, and the type and number of samples.
With regard to use of statistical methods to determine the characteristic value of ground parameters, the EN
states that “If statistical methods are employed in the selection of characteristic values for ground properties,
such methods should differentiate between local and regional sampling and should allow the use of a priori
knowledge of comparable ground properties” and “If statistical methods are used, the characteristic value
should be derived such that the calculated probability of a worse value governing the occurrence of the limit
state under consideration is not greater than 5%.”. In a note to this it states “In this respect, a cautious estimate
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of the mean value is a selection of the mean value of the limited set of geotechnical parameter values, with a
confidence level of 95%; where local failure is concerned, a cautious estimate of the low value is a 5% fractile”.
How the definition and selection of the characteristic value of ground properties developed in the different
versions of Eurocode 7 is shown in Table 1.
Table 1. Development of the definition and selection of ground parameter values in Eurocode 7
Aspect
Partial material
factor applied to
Definition of
value

How value is
selected

Draft Model Code
Representative values

ENV 1997
Characteristic values

EN 1997-1
Characteristic values

Value selected such that, in the
Value selected as a cautious
Value selected as a cautious
opinion of the designer, the
estimate of the value affecting the estimate of the value affecting the
probability of a more adverse value
occurrence of the limit state.
occurrence of the limit state
governing the field behavior is not
greater than 5%
For parameters for which the
The selection of characteristic
The selection of characteristic
values for geotechnical
relevant values in the field are well values for soil and rock properties
established with little uncertainty,
shall be based on the results of
parameters shall be based on
the representative value may be
laboratory and field tests.
results and derived values from
taken as the best estimate of the
laboratory and field tests,
value in the field. Where there is
complemented by wellmore uncertainty, the representative
established experience.
value is more conservative.

6 Determining the Characteristic Values of Geotechnical Parameters
6.1 Determination of characteristic values based on statistics
As noted above, EN 1997-1 states that, if statistical methods are used, the characteristic value should be derived
such that the calculated probability of a worse value governing the occurrence of the limit state under
consideration is not greater than 5% and that it is a selection of the mean value of the limited set of geotechnical
parameter values, with a confidence level of 95%; and, where local failure is concerned, a cautious estimate of
the low value is a 5% fractile. No further specific guidance, for example in the form of an equation, is provided
in EN 1997-1 on how to select the characteristic value of geotechnical parameters using statistics. In contrast,
with regard to pile resistance, tables of x values, based on statistics and reliability, are provided to determine
characteristic pile resistances from the results of static pile load tests. The characteristic pile compressive
resistance is obtained from the mean and minimum measured pile compressive resistances, Rc,m;mean and Rc,m:min,
using the x1 and x2 values in Table 2, that depend on the number of test results, and the following equation:
ܴǡ ൌ  ݊݅ܯቄ

ோǤǣೌ
కభ

Ǣ

ோǡǣ
కమ

ቅ

(1)

Table 2. Correlation factors ξ to derive characteristic pile resistances from static pile load tests (n = number of tested piles)

x for n =
x1
x2

1
1.40
1.40

2
1.30
1.20

3
1.20
1.05

4
1.10
1.00

≥5
1.00
1.00

Adopting the definition of the characteristic value of a material parameter in EN 1990 as the 5% fractile of an
unlimited test series, the characteristic value for a normal distribution is given by the equation:

ܺ ൌ ܺ െ ͳǤͶͷܵ௫ ൌ  ܺ ሼͳ െ ͳǤͶͷܸ௫ ሽ

(2)

where Xm is the mean value, Sx the standard deviation, Vx the coefficient of variation and 1.645 the Student tcorrelation factor corresponding to a 95% confidence in the occurrence of the 5% fractile value for an unlimited
test series. When there is not an infinite series of tests results, EN 1990 provides a form of Equation 2 with kn
values, given in a table, to replace 1.645 to calculate Xk for different numbers of test values, n when Vx is known
and unknown, for example when n = 6, kn = 1.77. Equation (2) and the EN 1990 equation normally provide too
cautious characteristic parameter value since, in many geotechnical design situations, the failure mode is larger
than the scale of fluctuation of the relevant soil parameter and hence the relevant value is the 95% confidence in
the mean value controlling the occurrence of the limit state rather than the 5% fractile. Since the x values for pile
resistance in EN 1997-1 are divisors, the inverse of (1 - 1.645 Vx) gives a x factor to determine the characteristic
value of a parameter from the mean value, which is similar to the x values in Table 3 to determine characteristic
pile resistances. Using Vx values of 0.1 and 0.4 for tan f’ and cu recommended by Schneider and Schneider (2013)
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gives x values of 1.20 and 2.92 which, as noted above, would result in characteristic geotechnical parameter
values much smaller than normally selected in practice and hence too cautious.
Choosing the characteristic value as the 95% confidence in the mean value for n tests results and assuming
homogeneous soil, the characteristic value is given by the equation:

ܺ ൌ ܺ ቄͳ െ

ଵǤସହ
ξ

ܸ௫ ቅ

(3)

Following the publication first of the ENV version of Eurocode 7 in 1994 and then the EN version in 2004, a
number of papers have been published on the selection of the characteristic value of geotechnical parameters.
These papers, some of which are summarized below, examine the factors affecting the characteristic value and
some provide guidance in the form of equations to calculate the characteristic value, taking account of factors
such as the soil variability, the limited number of test results, the quality of the ground investigation and test
results, the extent of the failure zone and previous local experience.
6.2 Schneider’s statistical equation for the characteristic value
One of the first papers with guidance on the selection of the characteristic value of geotechnical parameters was
the paper by Schneider (1997) with the following statistical equation to determine the characteristic value:

ܺ ൌ ܺ ሼͳ െ ͲǤͷܸ௫ ሽ

(4)

This simple equation aims to provide a characteristic value that is a cautious estimate of the mean value with a
confidence level of 95% corresponding to 13 test results. It yields x values that are much less conservative than
the x value for the 5% fractile obtained using Equation 2 and for Vx, shown in Table 3, ranging from 0 to 0.5
yield x values ranging from 1.0 to 1.33, which are similar to those in Table 2 to determine characteristic pile
resistances.
Table 3. ξ to derive characteristic parameter values for different Vx values using Equation 4
Vx

xx

0
1.00

0.1
1.05

0.2
1.11

0.3
1.18

0.4
1.25

0.5
1.33

6.3 Denver and Krebs Ovesen’s use of Bayesian statistics
Denver and Krebs Ovesen (1994) noted that the selection of parameter values is often the weak link in the
geotechnical design process. Engineering judgement, company traditions and personal experience enter into the
selection process and contribute to an unnecessary large amount of inherited uncertainty in the design process.
To overcome this they showed how Bayesian statistics could combine the use of prior information with the
results of field and laboratory tests to obtain the characteristic value of soil properties. As stated in Sections 4
and 5 above, the use of Bayesian statistical methods was mentioned in the ENV version of Eurocode 7 published
in 1994 but is not mentioned explicitly in the EN version published in 2004, which, just refers to a priori
knowledge. Assuming a logarithmic distribution for the soil properties, Denver and Krebs Ovesen (1994)
provided the equations to determine the characteristic value of a soil property defined as a specific fractile of the
mean value using Bayesian analysis assuming the soil property had a logarithmic normal distribution. They also
provided an example of the use of Bayesian analysis to determine the characteristic undrained soil shear strength
for a spread foundation based on vane test results and a priori information.
6.4 Simpson and Driscoll’s comments on selecting the characteristic value
Simpson and Driscoll (1998) state in their Commentary on Eurocode 7 that the characteristic values of
geotechnical parameters are fundamental to all calculations carried out according to Eurocode 7. They also state
that the definition of the characteristic values has been the most controversial topic in the whole process of
drafting Eurocode 7. They identified the following two factors underlying the importance and controversy of
characteristic values:
a. “Calculations are to be carried out by applying partial factors to characteristic values in order to determine
design values of parameters. The partial factors are specified by the code so the selection of characteristic
values is the main point in calculations at which engineers are to apply their skills and judgement, with the
possibility of dangerous mistakes,”
b. “Engineers have always had the responsibility for selecting values of material parameters for calculations.
This process has sometimes been referred to as a ‘black art’, and it is difficult to find helpful advice on the
thought processes necessary to derive appropriate values from the investigation and other information. In
particular, the degree of conservatism necessary in choosing values for design purposes is rarely discussed.”
Simpson and Driscoll further comment that Eurocode 7’s definition of characteristic values is intended to make
full use of the skills and judgement of experienced engineers, whilst helping less experienced engineers choose
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values which are both reasonable and safe. They state that this was, and remains, a major challenge. Much good
advice and practical guidance is provided in the Commentary on how to select characteristic values. With regard
to the use of Bayesian statistical methods, Simpson and Driscoll state that this demands a high order of statistical
technique, available from very few designers who have committed their time to training and experience in
geotechnical engineering but note that the simple statistical Equation 3, provided by Schneider (1997) could be a
useful guide.
Simpson and Driscoll (1998) reported the results of an experiment, referred to as the Johannesburg
experiment, carried out in Johannesburg by practitioners to assess the characteristic angle of friction from two
sets of data, both with the same mean and standard deviation but with the second set having more low values
than the first. In the case of the first set it was found that the assessed characteristic values clustered around half
a standard deviation below the mean value while, in the case of the second set, the assessed values were more
varied indicating that engineering experience was suggesting that the low values could not be dismissed. Those
carrying out the exercises said they felt the assessments they had made were essentially the same as those they
would previously have made in geotechnical engineering practice. Simpson and Driscoll considered this
experiment supported the idea that the characteristic value is half a standard deviation below the mean is a useful
guide but cautioned that the use of statistics alone would be dangerous.
6.5 Baxter et al.’s use of a Bayesian approach to select the characteristic value
Baxter et al. (2008) presented a pragmatic approach for the selection of characteristic values of the shear strength
for the design of piled foundations within the context of Eurocode 7. Their method involves using a Bayesian
approach to refine such values to take account of not only specific data but also to account for existing
knowledge and experience. The method used to determine a revised mean is a function of the site specific data
and the prior information, which are weighed by their relative variations and by the number of test results. The
equations they use to update the mean and standard deviation of the test data, Xm and Sx, using prior values for
the mean and standard deviation, Xmpr and Sxpr in order to a obtain posterior mean and standard deviation Xmpo
and Sxpo are given in the following form by the Honjo et al.:

ܺ ൌ

మ
ೄೣ
൰
ೄೣೝ
మ
భ ೄ
ଵା ൬ ೣ ൰
 ೄೣೝ

శ

ܵ௫ ൌ ܵ௫

ೝ


ඨା൬

൬

ଵ

మ
ೄೣ
൰
ೄೣೝ

(5)

(6)

Baxter et al. state that Bayesian updating leads to a more rigorous estimate of the soil properties and hence a
lower likelihood of failure and a solution with less risk attached. They also state that this outcome is of great
interest to the engineer, particularly if probabilistic comparisons of alternative solutions are to be made. It should
be noted that the posterior mean value is very dependent on the number of test results, n, so that the posterior
standard deviation value reduces rapidly as n increases and hence the characteristic value becomes closer to the
mean value of the test results. This is demonstrated in the case of the example in Section 7.
6.6 Author’s equation for the characteristic value
In preparation for the second generation of the Eurocodes, which are being drafted at present, a number of
Evolution Groups were established by CEN TC250/SC7, which is responsible for the development of Eurocode
7. One of the Evolution Groups examined the selection of characteristic values of geotechnical parameters.
Developing on from their work and his own work on this aspect, the author published (Orr 2017) the following
equation for the characteristic value of a geotechnical parameter:
ଵ

ܺ ൌ ܺ ൬ͳ െ ͵ܸܽ௫ ට ൰
ೡ

(7)

where ܽ is a factor to account for the quality of the investigation and test data and Lv is the vertical extent of the
failure mechanism. The following values are suggested for ܽ:
ܽ =0.5: In case of high quality test values and reliable, good local ground investigation based on excellent
comparable experience
ܽ = 0.75 Average quality test values and ground investigation
ܽ = 1.0 Values estimated from general experience or tabulated values and no local ground investigation.
The advantage of this equation is that in addition to taking account of the soil variability through Vx, it also takes
account of the quality of the investigation through ܽ and the extent of the failure mechanism through Lv.
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6.7 Prästing et al.’s approach to determine geotechnical parameter values for design
Prästings et al. (2019) have presented a paper outlining a Swedish approach to determine the values of
geotechnical parameters for use in geotechnical designs. They state that the existing statistical approach in EN is
frequentist and if an engineer determines Xk subjectively from a statistical point of view, they cannot know if the
uncertainties listed in EN 1997-1 are actually accounted for. They state that, from a Bayesian point of view, the
current definition does not treat the characteristic value as an uncertain variable. Hence the definitions of the
characteristic and design values in EN 1997-1:2004 feature weak connections between uncertainties in the
geotechnical properties and the consequences of failure, as regulated by the target reliability index. In Sweden
the characteristic value is evaluated deterministically using the following equations:

ܺ ൌ ߟܺ

(8)

with the conversion factor:

ߟ ൌ ߟଵ ߟଶ ߟଷ ߟସ ߟହ ߟ ߟ ߟ଼

(9)

where η is a determined by combining (multiplying) the set of sub-factors in Table 5 given in the Swedish
National Annex (SNA) (IEG, 2008), that correspond to the factors listed in EN 1997-1 that should be considered.
Table 4. h sub-factors affecting the characteristic value in SNA for Eurocode 7
Factors hj
η1
η2
η3
η4
η5

h6
h7
h8

Definition
The inherent variability of the material properties
Number of independent measurement points
Uncertainty related to the assessment of soil properties
The location of measurement points in relation to the structure
The extent of the ground zone governing the behaviour of the geotechnical structure at the limit state being
The ability of the geotechnical structure to transfer loads from weak to strong zones in the ground
Type of failure mechanism (i.e. ductile or brittle failure
The sensitivity of the material design property on the limit state

The alternative way is to determine the design value directly by means of a probabilistic framework, without
evaluating the characteristic value and applying a partial material factor gM, assuming a log-normal distribution
and relating the design value to the required reliability and the sensitivity index using the following equation:

ܺௗ ൌ

ఎ
ఊಾ

ൌ



(8)

 ഀഁ ೇೌ

where a is the sensitivity index, bT is the reliability index and VTotal is the total uncertainty of the geotechnical
parameters.
7 Example of Different Determinations for the Characteristic Values of Geotechnical Parameters
The following example is presented to compare the different approaches for determining the characteristic value
of a geotechnical parameter. Six undrained shear strengths derived from SPT N values at different depths are
presented in Table 5.
Table 5. Derived undrained shear strengths in a fine soil
Depth (m)
cu (kPa)

1.4
48

2.5
69

3.8
76

4.6
51

6.3
74

7.7
54

The mean cu value is 62kPa and the coefficient of variation, Vx = 20%. The cu values obtained from the SPTs
plus the Xk values calculated using the different equations quoted in the paper are plotted in Figure 1. The graphs
show that Schneider’s characteristic value, the 95% confidence value and the value obtained using the author’s
equation, with Lv = 7m and ܽ = 0.75 for an average investigation, are all very similar at 52.4, 48.8 and 50.9 kPa
respectively. For the more local failure with Lv = 1.5, the author’s equation, Xk reduce to 37.2 kPa, which is a
lower bound to the test results. Applying the partial factor of 1.4 to the Xk values using the author’s equation
yields design values of 36.4 and 26.5 kPa when Lv = 7 and 1.5m respectively, which are both well below the
mean value. The Xk values obtained as the 5% fractile and using the EN 1990 equation for n = 6 are 28.5 and
25.7 kPa, which, as previously noted, are very cautious values. If it is estimated from previous experience that
the mean cu is 70kPa with a standard deviation of 21kPa so that the corresponding Vx is 30%, the Bayesian
updated posterior mean is 59.9 kPa, which, as shown in Figure 1, is not much below the mean of the test results.
Also, adopting this approach, the standard deviation is reduced to 12% compared to 33% for the tests results.
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Figure 1. SPT cu values and characteristic values obtained using different approaches

8 Conclusions
The selection of the characteristic value of geotechnical parameters has been a controversial and difficult aspect
for Eurocode 7 due to the many uncertainties associated with the determination of geotechnical parameters and
the need to make use of subjective judgement and experience while still aiming to achieve designs with a
particular reliability. Another problem is that the term characteristic value is normally associated with a
statistical frequentist approach to determine the characteristic value rather than a Bayesian approach, which takes
account of previous experience. Over the years a number of equations have been proposed to assist geotechnical
engineers select the characteristic value that take account of different the factors affecting this value. It is likely
that the second generation version of Eurocode 7 being prepared at present will provide statistical equations for
the selection of the characteristic value. The aim in selecting parameters for geotechnical design must be to make
the subjective more objective and rational while still ensuring the safety and reliability of geotechnical designs.
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