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Abstract: BAYANAL code in geotechnical design 
based on Eurocode 7. Geotechnical problems that 
are characterized by a high degree of complex-
ity and uncertainty with respect to the input data 
are solved recently, using the Bayesian analysis 
(for instance the problem of a cautious estima-
tion of the geotechnical characteristic parameters 
according to the Eurocode 7 requirements). The 
applicability of the Bayesian approach to geo-
technics via a simple examples related to deter-
mination of characteristic values of geotechnical 
parameters for design structures is in the paper ad-
dressed. In order to select the characteristic param-
eters for the geotechnical design a new numerical 
code called BAYANAL was developed. Example 
of applying the BAYANAL code to analyse the 
DMT tests demonstrates that it is a powerful and 
promising tool in evaluation of ground properties 
and geotechnical parameters.

Key words: Eurocode 7, ground characterisation, 
geotechnical design, BAYANAL code

INTRODUCTION 

In geotechnical design with respect to 
rules and principles of Eurocode 7 (EN 
1997-1, 2) the selection of geotechnical 
actions and resistances, particularly 
characteristic material parameters, is 
considered as a crucial process creat-
ing the diffi culties for designers. EN 
1997-1 defi nes the characteristic value 
as being selected “as a cautious estimate 
of the value affecting the occurrence of 
the limit state” (Frank et al. 2004; Pie-
czyrak 2009; Schuppener et al. 2009; 

Wysokiński et al. 2011). For selecting 
characteristic values of geotechnical pa-
rameters the statistical methods are com-
monly recommended. Deduction in the 
classic mathematical statistics is based 
on a random sample drawn from the pop-
ulation. In an alternative approach, de-
rived from the Bayes’ theorem (Alén 
1998; Alén and Sällfors 1999; Uzielli 
2008), deduction can be based not only 
on a random sample but also on so-called 
a priori information. A posteriori infor-
mation is generated from these two sets 
of data. A priori knowledge may be so-
-called expert knowledge, it may derive 
from earlier investigation from which re-
sults are known but not all data set. The 
knowledge’s character does not allow 
us to take advantage of it in the classic 
approach. Bayesian approach should be 
used then. If the same data can be used 
in the both cases, classic and Bayesian 
analysis would give similar conclusions. 
Population’s parameters to be estimated, 
e.g. parameter θ (mean, standard devia-
tion, specifi ed type elements’ fraction), 
are treated differently in the both cases. 
In the classic approach the parameters’ 
values are particular though not known. 
If we are dealing with a homogeneous 
medium (ground), to determine the 
characteristic values of geotechnical pa-
rameters (Xk) the Student’s t-95 percent 
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confi dence level can be used according 
to the formula:

Xk = Xm[1 – knVx] (1)

where:
Xm – average of soil parameter,
kn – statistical factor,
Vx – coeffi cient of variation.

Schneider (1990, 1997, 2010) and 
Schneider and Fitze (2009) proposed 
to assume kn = 0.5, it means one half 
a standard deviation below the mean val-
ue. The procedure for determination of 
characteristic value is presented in Fig-
ure 1, where n is the number of samples, 
and xi – parameters in a homogeneous 
layer.

In the present paper Bayesian analy-
sis has been adapted for a case, when 
a not known θ parameter distribution 
is to be estimated and θ is the mean in 
a normal population, however the popu-
lation standard deviation – σ0 is known. 
It is derived from the prior knowledge 
that the mean θ is a normal random vari-
able with parameters m1 and σ1. If in turn 
the average of the n-sample drawn from 

the population is equal to m2, a posteri-
ori distribution of the random variable θ 
is also normal, with the mean m and the 
standard deviation – σ, calculated as fol-
lows:
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The presented Bayes’ theorem gives 
a valuable practical possibility of suc-
cessive including of new information, 
coming from consecutively drawn ran-
dom samples. On a consecutive step, the 
knowledge about a posteriori θ param-
eter’s distribution is treated as a priori 
knowledge of this parameter. An order 
of including new portions of information 
does not affect a fi nal result.

The paper addresses the applicability 
of the Bayesian approach to determine 
a characteristic parameters of boulder 
clays in geotechnical design of the SGGW 
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FIGURE 1. Statistical estimation of geotechnical characteristic values (Orr 2005; Garbulewski et al. 
2007; Bond and Harris 2008)
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Campus in Warsaw. The selection of the 
geotechnical characteristic parameters 
was carried out using the new numeri-
cal code called BAYANAL. Overview of 
BAYANAL code, its assumption and re-
quirement and procedure of statistical 
analysis had been presented. Finally, the 
code application in design calculation 
were described. The BAYANAL code 
will be helpful in designing and there-
fore should be recommended to apply in 
geotechnical practice.

OVERVIEW OF BAYANAL CODE 

Assumptions and requirement

The basic assumptions and requirements 
for the BAYANAL code application are 
as follows:

full integration with Excel 2003 (or 
higher) operating in a Windows envi-
ronment, 
intuitive graphical interface,
the ability to automatically test of the 
null hypothesis (“H 0”) on the normal 
random variable on the basis of indi-
vidual tests samples,
the greatest possible independence of 
the application code from the source 
data,
no interference in the source data,
easy application of code to different 
PC computer,
independence from the schedule of 
input data in fi les and sheets,
a fl exible way to select and selecting 
data to be analyzed,
the ability to work as interactive and 
automatic,
generating detailed reports from the 
analyzes.

•

•
•

•

•
•

•

•

•

•

Due to the fi rst two requirements it 
was chosen implementation of applica-
tions based on the Excel spreadsheet in 
2003 with the support code in Visual 
Basic for Applications, and a system of 
MS Offi ce object libraries (libraries Vis-
ual Basic for Applications and Microsoft 
Offi ce Object Library version 11.0). Ap-
plication forms/dialog boxes with a com-
prehensive description of the buttons and 
functions associated with them, depend-
ing on the context and the currently exe-
cuted thread in the application, provided 
a clear and intuitive graphical interface. 
All calculations required to perform the 
analyzes are conducted by the formula 
written on a permanent basis to work 
spreadsheet (invisible to the user). All 
input data required for the calculation of 
the iteration is copied to that worksheet 
to complete separation of data sources 
and applications.

Automated testing the hypothesis 
(“H 0”) for each sampling requires the 
integration of this functionality in Excel. 
Excel does not implement the so-called 
Shapiro-Wilk test (the test best suited to 
situations where attempts may be small). 
Therefore in reality there are two possi-
ble solutions:

connect to the application fi nished im-
plementing this functionality added,
table list of coeffi cients for the Sha-
piro-Wilk test, adding tables to the ap-
plication for an additional worksheet 
and calculate the test result using the 
array and the standard designs.
The fi rst solution has been chosen be-

cause of its easier implementation and the 
ability to achieve much higher accuracy 
than the tabulation values and the ap-
proximation ones in Excel spreadsheet. 

•

•
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The application is integrated add-in for 
Excel for free license for non-commercial 
use. It is called PopTools and downloads 
from the website. Other requirements are 
achieved through the implementation of 
the application to the algorithm present-
ed in the following chapter.

Procedure of statistical analysis

The procedure in BAYANAL code con-
sists of:

Step 1:
provide initial data by the user, in-
cluding the ability to select automatic 
operation, 
specify the fi le(s) to the data by the 
user (standard window opening set),
open of the fi rst fi le, activate the fi rst 
sheet.
Step 2:
identify (or waiting indication) data 
to analyze the parameters of initial,
analyse of the data indicated, any er-
ror handling specifi ed data range,
construct of the Shapiro-Wilk test for 
a random sample indicated, the term 
action in the event of non-compliance 
with the Shapiro-Wilk.
Step 3:
go to the next test/sheet/fi le in inter-
active mode or automatic,
transit to the report generated by the 
resignation of the opening of the next 
set of statistical analysis (“Cancel” 
button in the dialog box to open fi les),
close the source fi les (with the option: 
“skip shift”) and the creation of the 
report.

User manual

The main sheet of the BAYANAL code 
is the sheet “Start” (Field 1 – P1) as 

•

•

•

•

•

•

•

•

•

shown in Figure 2. Data for the analy-
sis must be typed in Excel cell sheets as 
numbers. The data can be organized into 
one or more fi les. Every fi le can consist 
one or more data sheets. Data fi les can 
be input to the program sequentially or 
several times. However, in case of sev-
eral time procedures it is not possible 
to control the order of opening and ana-
lyzing the data from different fi les; the 
fi les are opened in the order imposed by 
Windows. The data on the other sheets 
are always evaluated in the order of their 
entry in the workbook. After the start of 
the analysis it is not possible to change 
the order of analysis sheets or return to 
previously analyzed data. Identifi cation 
of cells containing one test of a random 
variable can be done automatically or 
manually. Automatic selection of data 
from one sample can be made when they 
are stored in a default format: “There is 
only one sample of a random variable on 
a sheet”. A random sample of data are 
stored in a single column. Headline ran-
dom data is analyzed cell with the name 
of the parameter. Termination of the anal-
ysis is done by pressing “Cancel” button 
in the dialog box for opening fi les.

The BAYANAL code also includes 
reports previously performed statistical 
analyzes constituting of one sheet (P2). 
The names of these sheets are created 
automatically according to the scheme: 
“analyzed parameter name” and “date” 
(no year), and “time” of the analysis and 
formatted as shown in the P2. Sheets re-
ports of the analyzes can move, copy and 
delete according to standard Excel com-
mands. The work begins with an applica-
tion of the button P3.
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PROGRAM APPLICATION

In Table 1 an example of a statistical 
analysis report for the three samples con-
tained in two fi les is shown, one and two 
samples on separate sheets (one sheet of 
1 sample in the fi rst fi le, the second sheet 
of the two tests in a second fi le). Example 
of a Bayesian data analysis conducted is 
presented in Table 2. The report is sup-
plemented with charts placed in a coor-
dinate system (Fig. 3). The results of the 
analysis are illustrated by three curves 
that show the relationship between the 
mean values and confi dence intervals/re-
liability of estimates of a classical analy-
sis. Moreover, the curves illustrated not 
only the last test from classical analy-
sis but also result of Bayesian analysis 
based on all attempts. The ranges of val-
ues for x and y axis are set automatically 

based on data obtained from the analysis. 
Graphs are placed on the same sheet as 
the resulting report. Sample charts for 
the above-described analysis are shown 
in Figure 3.

CONCLUSION

To determine the characteristic values of 
geotechnical parameters cautious use of 
statistical methods can be recommend-
ed. In current practice to determine the 
average value, standard deviation value 
with the required confi dence level (e.g. 
95%) assumes a fi nite set of values de-
rived from geotechnical parameters 
population. To determine the character-
istic values, particularly strength and de-
formation of soils, it is proposed to use 
Bayesian analysis, in which there is pos-

FIGURE 2. Main sheet of the BAYANAL code
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TABLE 1. Selection trials in the source worksheet, which is indicated on the form shown in Figure 3

TABLE 2. Example of a Bayesian data analysis conducted
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sible to continue data collection param-
eters derived according to the following 
formula:

( | ) ( )( | )
( | ) ( )
f x ff x
f x f d

 (3)

where:
x – result of the test (the value of the geo-
technical parameters), 
θ – estimated parameter of the popula-
tion, while θi are all possible parameter 
values θ, after which the sum in the de-
nominator runs. 
The assignment of conditional prob-
abilities P (x|θi) for all possible values 
of the unknown parameter θ is called 
the reliability function. Having there-
fore the result of observations of x and 
knowing the likelihood function (for the 
observed result of x, but not for all pos-
sible observations!) as well as knowing 
a priori probability P(θi) of adaption by 
the parameter θ of the possible values 

– you can calculate the a posteriori prob-
ability of adapting a specifi c value for 
this parameter. Thus you can designate 
a posteriori probability distribution of 
this parameter.

Bayesian method is preferred when 
you want to include an objective a pri-
ori information about the parameter. You 
cannot use the classical approach, where 
only analyzed a random sample taken. 
It is also preferred the use of Bayesian 
approach, when we gradually turn to 
the analysis of a new data set (the idea 
of observation methods), for example, 
it can help you in choosing the number 
of probes required to obtain a satisfac-
tory precision of the data. The analysis 
attempts do not need to dispose of a full 
knowledge of the samples, from which 
a priori information can be chosen. BAY-
ANAL package can be widely used in 
geotechnical design practice in Poland 
in order to select a reliable geotechnical 
parameters for the design of safe build-
ings.

FIGURE 3. Charts illustrating the report of the data analysed
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Streszczenie: Program BAYANAL w projek-
towaniu geotechnicznym według Eurokodu 7. 
W projektowaniu geotechnicznym według Euro-
kodu 7 przy określaniu wartości charakterystycz-
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nych parametrów geotechnicznych, w tym wy-
trzymałościowych i odkształceniowych, należy 
w sposób ostrożny i przemyślany zastoso-
wać metody statystyczne, zarówno klasyczne, 
jak i tzw. bayesowskie. Analiza statystyczna Bay-
esa uzasadniona jest w przypadku posiadania 
i uwzględniania w doborze parametrów wartości 
a priori, na przykład wartości eksperckich para-
metrów geotechnicznych, lub w przypadku moż-
liwości powiększania liczebności zbiorów para-
metrów i danych geotechnicznych, co stanowi 
podstawę projektowania metodą „obserwacyjną”. 
Do analizy statystycznej danych geotechnicznych 
zastosowano numeryczny pakiet BAYANAL. Pa-
kiet BAYANAL może znaleźć szerokie zastoso-
wanie w praktyce projektowania geotechnicznego 

w Polsce do doboru parametrów geotechnicznych 
miarodajnych do projektowania bezpiecznych 
obiektów budowlanych.

Słowa kluczowe: Eurokod 7, parametry gruntów, 
projektowanie geotechniczne, analiza bayesow-
ska
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