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1 INTRODUCTION

There have been 24 papers submitted to the Technical Session 
5a on Professional Practice and Education from 16 member 
societies. The theme of this session encompasses a wide range 
of interesting subjects from education methodology of 
geotechnical engineering to professional design practice with 
various disciplines from psychology to financial engineering.  

Issues dealt with in the papers may not necessarily be those 
of classical soil mechanics and geotechnical engineering, but 
more on the core of engineering; how to make a decision under 
uncertain situations, and how to transfer accumulated 
knowledge from generation to generation. These issues emerged 
recently in our profession are motivated and accelerated by so-
called globalization and rapid development of information 
technology.  

Globalization has created a competitive construction market 
and has led the development of international design codes and 
standards for test methods. Construction industry in a 
competitive market needs methods of effective decision making 
under various uncertainties and risk management in executing 
projects.  

Change of design code concept and harmonization among 
existing design codes and practices poses a number of issues; 
disseminating the new concept, proposing practical design tool 
and comparing technical equivalency among different codes and 
standards. Information technology provides us various 
opportunities for utilizing data base both in research and 
education fields. 

Another aspect of these issues may imply that accumulated 
our knowledge and tools for geotechnical design become mature 
and reach up to a certain level of saturation, comparable to other 
social technical tools such as insurances to create an optimized 
society. 
 The General reporter tried to classify these 24 papers into 

three groups with headings of (1) Geotechnical Risk and Risk 
Management, (2) Geotechnical Design, and (3) Education in 
Geotechnical Engineering. 

2 GEOTECHNICAL RISK AND RISK MANAGEMENT 

Natural disaster and hazard such as earthquake, slope failure, 
and rock fall, forms a major part of geotechnical risk and 
construction activities also involve geotechnical risk, such as 
dam failure, structural damage nearby construction, and other 
unfavorable consequences due to the construction activities. 
Recently soil contaminant is also considered as one of 
geotechnical risks. 

A fundamental source of geotechnical risk is stemmed not 
from lack of geotechnical engineering technology, but from 
high degree of uncertainties in information on geotechnical 
conditions because of limited number of sporadic site 
investigation and laboratory test. Probabilistic approach is, 

therefore, necessary to assess geotechnical risk to make an 
appropriate decision. 

Concept of risk management has come into geotechnical 
engineering in relatively recent years, but still remains in an 
immature state in our profession. Even the word ‘risk’ has 
different meanings under different situations. Risk management 
is one of the main parts of risk engineering. An engineering 
discipline of risk engineering has developed mainly in financial 
fields. Essence of risk engineering may be to accept the fact that 
risk cannot be totally eliminated and the issue is how to get 
along with the risk and how to minimize the risk. 

There are two aspects of risk management; risk control and 
risk financing. Geotechnical engineering has developed with an 
clear scientific aim of risk control, how to control geotechnical 
risk, by analyzing and estimating possible unfavorable 
consequences, installing protective structures, designing 
stronger structures, and monitoring the sites with potentially 
high geotechnical risk with some means of warning system.  

One of the lessons of recent large earthquakes is that huge 
public investment for perfect disaster prevention may not be the 
only solution, but the risk financing, how to allocate the risk 
among the society, could be another alternative, such as 
insurance to geotechnical risk. Risk management typically 
includes a series of steps; risk identification, risk assessment, 
mitigation actions and follow up. There still remain many issues 
for further research. 

There are 11 papers which were classified into this group, in 
which two papers deal with project risk management. 
Nu� baumer and N�bel discussed portfolio management for a 
large amount of parallel projects, and Carlsson et al. presented a 
methodology for a successful risk management in a large 
infrastructure project.  

The paper by Nu� baumer and N�bel pointed out that the 
financial aspects of large projects has become increasingly 
complex such BOT projects, and a well-structured corporate 
project portfolio is necessary, which consists of a balance of 
high and low-risk project. Starting from a probability 
distribution of profit or loss for a single project expressed by 
Gaussian normal distribution, the accumulated probability 
density function of a number of projects was calculated by 
Monte Carl simulation, provided that each project is an 
uncorrelated event. The authors correctly mentioned that 
statistical instruments cannot replace expert knowledge and it is 
a mistake to only relay on statistical models, although Monte 
Carlo simulations can provide valuable information for risk 
assessment.      

The paper by Carlsson et al. pointed out that large 
infrastructure projects are in general unique and related to risks 
of different nature due to high technical level, long lead and 
project times, and large and complex organizations, thus many 
decisions have to be taken under risk or uncertainty, requiring 
some special guidelines for risk management in large 
infrastructure projects. Carlsson et al. augured the standard 
meaning of risk in many branches including civil engineering 
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which is defined as “the statistical expectation value of an 
adverse event which may occur”. The simplest form of the 
expectation value is the product of the probability and 
consequence of an event. From a decision-maker’s point of 
view, the quantification of risk is an important element and is 
often given by the determination of probability. The authors 
stressed that this type of approach is not relevant for most large 
infrastructure projects, where there does not exist sufficient 
experiences of an even. Various guidelines were given in each 
step of the risk management process, including risk 
identification, risk evaluation, decisions on acceptable risk 
level, risk handling, risk planning and risk monitoring. The 
authors concluded that the management of risks should be 
performed as early as possible in the life-cycle of a project in 
order to ensure that critical risks are incorporated into the 
project plan and addressed with mitigation actions. 

A practical geotechnical risk management system was 
introduced by Prereboom et al. who described the development 
of geotechnical risk management system, called GeoQ, to deal 
with sub-surface risks and control total project costs. GeoQ is a 
risk-based approach to bring transparency in many implicit risk-
related decisions taken in a project. The approach considers 
uncertainties as possible changes for optimization. Each GeoQ 
process includes a chain of geotechnical tools such as 
probabilistic geotechnical software, field/or laboratory 
investigation, involvement of specialists’ expertise and 
monitoring technique. In the paper three cases were presented to 
demonstrate how GeoQ approach was implemented, including 
motorway projects, stability of dikes, and preparation of the site 
for building construction activities. The authors concluded that 
the main benefit of the GeoQ approach is to create transparency 
in subsoil risks to all parties involved, which allows for 
effective risk reduction or risk sharing among parties. 

One of the methods for identifying and quantifying the risk of 
the project is to introduce a risk-based ranking system with 
appropriate criteria. Ramirez-Reynaga and Silva introduced a 
simplified ranking procedure (SRP) as a decision making tool to 
assess earth and rock –fill dam safety in Mexico that prioritizes 
dams in order of dam failure risk and focuses dam safety 
activities on prevention, rather than reaction to incidents and 
emergencies. The SRP incorporates failure probabilities from 
three methods, which are historical data, mathematical 
modeling and quantification of expert judgment, and facilitates 
a quantitative risk assessment for dams based on the ranking, 
rating and weighting procedure of Multi-Criteria Analysis 
(MCA). The likelihood of a dam failure was evaluated by the 
failure index reflected from the above-mentioned three methods. 
The risk index was calculated by multiplying the failure index 
by the potential consequences. The SRP consists of five steps; 
(1) estimate the consequences of dam failure, (2) predict 
mechanism of dam failure, (3) estimate the likelihood of dam 
failure, (4) apply influence factors for weighting, and (5) 
determinate dam safety ranking. An illustrative example was 
given in the paper.   

The paper by Ramirez-Reynaga and Silva mainly concerns 
the consequences of dam failure in downstream regions. But 
there is another type of geotechnical risk in upstream regions 
associated with dam construction. Even if dam itself remains in 
a stable condition, reservoir filling operations may induce 
geotechnical risks of structural damage in surrounding areas due 
to change in regional groundwater flow regime, in particular 
upstream regions where collapsible unsaturated soil formation 
prevails. The paper by Avila Gimenes and Lemos dealt with this 
subject and presented a case history in mid-eastern Brazil of a 
urban area of 20,000 peopl, together with the methodology to 
estimate structure damage and repair costs for the dam owner. 
The mechanism to cause structure damage was that the reservoir 
filling rises groundwater level, changing in soil matric suction 
causing soil collapse, resulting in differential settlements which 
cause structural damage in existing buildings. The settlements 
were evaluated by multiplying the change in groundwater table 

estimated by a hydro-geological numerical model, by collapse 
potential obtained from compression tests on undisturbed 
samples. From which a kind of hazard map with a zoning of 
four zones was made. Estimation of construction repair costs 
was evaluated by utilizing the previous studies about horizontal 
strains - angular distortion relationship and relative repair costs 
– angular distribution relationship. The obtained result was that 
the average repair cost is between 2.4 to 5 % of construction 
costs. 

 Hazard map has been made and used for indicating the level 
of geotechnical risk for a specific purpose. Christensen and 
Kingsbury discussed how to effectively disseminate the 
knowledge of liquefaction hazard in various communities in 
New Zealand. The authors conducted a telephone survey to 
asses the level of awareness and understanding of liquefaction 
and the extent and use of liquefaction hazard information. The 
survey revealed that the depth of knowledge on liquefaction 
varies widely amongst building compliance officers and 
regulators in the district and regional councils, and only 26 % in 
the district level have maps that depict liquefaction hazard 
zones. It indicates that knowledge on liquefaction is not passed 
onto the wider community to allow people to make informed 
judgments on the risk that may affect them. It would be 
interesting to know the survey results if there are similar 
surveys in other liquefaction prone countries. 

 Murakami et al. proposed a geo-statistical spatial 
interpolation procedure to form a reliable land subsidence map 
both for present situations and future trends. The hazard map of 
this kind is important for risk management and asset 
management as well as disaster mitigation and environmental 
preservation. The spatial interpolation method is based on the 
Kriging method being used in geo-statistics. The applicability of 
semi-variogram model for Kriging was examined by using the 
settlement data in the northern Kanto Plain in Japan, where the 
settlements were monitored at about 1,300 settlement 
observation locations for as long as 25 years.  

The similar issue of estimation of long-term settlement was 
dealt with by using the Kriging interpolation method and the 
Inverse Distance Weighted Interpolation (IDWI) method in GIS 
reported in the paper of Kim et al. The objective area in this 
paper is Incheon International Airport that was reclaimed and 
the secondary consolidation was expected. The authors 
concluded from the study that GIS can be a useful tool to 
estimate soil parameters at any point without the measurement 
on site or test in the lab, and the Kriging method gives a better 
estimation of long term settlement, compared to the IDWI 
method.

Monitoring during construction forms an essential part of risk 
control. Haasnoot et al. reported an experience of large scale 
monitoring during recent Amsterdam metro construction. The 
project included the construction of three deep station boxes in 
a sensitive historical environment. The sensitive structures 
surrounding the station boxes were monitored by a system of 
robotic total stations and prisms of measuring displacements in 
three directions, which generates a vast amount of the data that 
are transmitted to the monitoring contractor on an hourly basis. 
The contractor then sends the data every four hours to the client. 
Four arrays of underground instrumentation were also installed, 
including extensometers, inclinometers and piezometers. GIS 
was used to handle the massive amount of monitoring data and 
to offer visual data showing overview of displacements around 
the construction sites. Limit values were set for each 
construction phase, based on full scale trails, FEM results or a 
combination of both. A number of sub limit values were defined 
that act as a warning code, shown in different color codes. 
When limit values are exceeded, the alarm application in GIS 
took a number of actions to control risks. 

van Baars discussed the conditions for the use of the 
observational method in geotechnical engineering, listing nine 
general conditions for the implementation of the observational 
method in geotechnical engineering. The author pointed out that 
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if a project fulfills all general conditions, a financial risk 
analysis is necessary to find out whether the observational 
method is profitable or not. Two examples were given to 
demonstrate that the uncertain field condition must be clear to 
measure in order to benefit from the observational method.  

Hemmen reported an ongoing project of large experience 
databases and forecasting models called GeoBrain, with the 
objectives of decreasing risk in construction projects, reducing 
losses, improving working conditions, ensuring completion of 
the projects without unforeseen delays and the reduction of 
insurance fees. GeoBrain is developing an experience data 
based from questionnaires from case histories and disseminating 
these experiences via internet. The data base can also be used to 
make predictions by an artificial intelligence based 
methodology. So far they collected the data base of five acts: 
installation of sheet piles, prefabricated concrete piles, vibro 
piles, the extraction of sheet piles in foundation engineering and 
horizontal directional drillings in the drilling technology.  

3 GEOTECHNICAL DESIGN 

There are 11 papers which were classified into this group. 
Introduction of ISO 2394 (General principles on reliability for 
structures) and Structural Eurocodes with limit state design 
concept, adopting partial factors format, have motivated various 
activities related to geotechnical design code. There are four 
papers directly related to this issue. Honjo et al. introduced JGS 
( Japanese Geotechnical Society) geotechnical design code and 
Du Thinh presented an example of application of Eurocode 7 
and Rogers et al. compared soil investigation codes between the 
Russian Federation and British standards. Bausduian et al. 
discussed the selection of characteristic values input into FEM 
both in material factoring approach and load/resistance 
factoring approach.  

Performance - based design concept has been discussed and 
several design codes based on the concept have emerged. Honjo 
et al. introduced JGS comprehensive foundation design code 
named Geo-code 21, with an aim of harmonizing all the major 
Japanese foundation design codes that have been developed in a 
separated way due to many historical reasons. This code has just 
been established as one of JGS standards under the name of 
‘Principles for foundation design grounded on performance-
based design concept’. Geo-code 21 adopted three layers of 
hierarchy structures: Objectives, Performance requirements and 
Performance criteria. Geo-code 21 may stimulate further 
discussions on design code.  

Du Thinh illustrated the essence of Eurocode 7 by discussing 
probabilistic approach to the design and performance of spread 
footing. The study included loading tests of four large model 
strip footings in 1G with an effective width of as large as 0.3 m, 
resting on or embedded in a non-cohesive reconstituted soil for 
various combinations of eccentricity and embedded depth. The 
failure loads were determined as the mean value between the 
values by the End tangent method and Brinch Hansen’s 90% 
criterion. Half the difference between the two values was taken 
as a measure of uncertainty. It clearly demonstrates the 
difficulty in determining statistical information about failure 
pressure from a limited number of loading test. The soil used in 
the tests was thoroughly investigated in the laboratory using tri-
axial compression tests with three different sample preparations: 
light tamping method, under compaction method and sand 
raining method. From the results of all the tests, the author 
obtained a mean value and a standard deviation for the value of 
void ratio (e) multiplied by tan� �� ����� . Probabilistic 
analyses conducted were the class of first order and second 
order reliability method, with the state function expressed by 
the value of conventional bearing capacity formula minus 
experimentally determined mean ultimate bearing pressure 
multiplied by loading factor. Unit weight of dry soil, water 
content and e���� were selected for variables for material 

properties, expressed by a log-normal distribution. The results 
were plotted in terms of loading factor against reliability index 
� , failure probability, and partial safety factors, suggesting that 
the sensitivity factor for e tan� is high and the one for water 
content negligible, and the theoretical failure loads are 
noticeably lower than the actual ones. 

One of the objectives of ISO and Eurocode activities is to 
harmonize the design code internationally or regionally to 
facilitate the mobility of human resources and to ensure the 
quality of structures. Efforts have been made over these 
decades, but there still exist various codes and standards in 
different countries and regions, reflecting accumulated local 
practice and historical development in a particular region.  

The paper by Rogers et al. compared the existing site 
investigation codes and standards of the Russian Federation 
with corresponding British standards, and illustrated the 
difficulties for non-Russian geotechnical engineers to interpret 
the site investigation information obtained from local practice. 
The comparisons included scope of investigation, soil and rock 
descriptions and in-situ and laboratory test. The paper indicated 
two significant differences in the magnitude of the scope of site 
investigations, which are (1) the Russian standards have a 
mandatory and minimum level of investigation, (2) the Russian 
standards require geophysical investigations at all stages of 
investigation program, whereas in British standards geophysical 
investigations are considered as a complementary tool available 
to the consultant. As a summary of the comparisons, the author 
provided a useful table of the assessed reliability of comparison 
between British and Russian standards, in which moisture 
content, plastic limit, bulk density, specific gravity, organic 
content, tri-axial tests are classified into “High” assessed 
reliability, meaning that a direct comparison is possible. 
However, field logging, consolidation, consolidated drained 
shear and CPT are “Low”, which means that caution should be 
taken when comparing the data and additional information on 
the material is required. This type of information is particularly 
valuable, not only for geotechnical business community, but 
also for people who are creating and utilizing various 
geotechnical data base.   

Material factor approach or MFA (material factoring 
approach) and resistance factor approach or LRFA (load and 
resistance factoring approach) coexist in the limit state design 
code such as Eurocode 7. In this context, there has been a 
question about how to select material properties input into 
numerical analysis such as FEM in the framework of ultimate 
limit state design. Bauduin et al. highlighted the issue and 
indicated possible procedures for the use of FEM in ultimate 
limit state design. When using FEM, MFA formats are 
generally applicable to all types of problems for checking 
against failure, in which two different procedures are possible. 
The first procedure is to perform FEM calculation using ‘design 
values’ of actions and of ground strength parameters throughout 
the complete loading history. Design values are obtained by 
applying partial factors to characteristic values. The second 
procedure is to perform FEM calculation using ‘characteristic 
values’ of actions and of ground strength parameters throughout 
the complete loading history and the distance from the 
characteristic stress situation towards the stress situation 
obtained by decreasing the parameter values is compared to the 
required values of the partial factors. The author said that the 
second procedure is preferred.   

Closely related to current design concepts, there are two 
papers on reliability-based design and probability-based design, 
which are the central concept of ISO 2394. Direct application of 
reliability-based design method still remains sophisticated for 
most practical engineers.  

Two papers tied to encourage the practical engineers to use 
reliability analysis by introducing user-friendly tools. Low
presented a spreadsheet-based reliability-based design approach 
based on the first order reliability method (FORM). The 
procedure proposed results in the same solutions as the Hasofer-
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Lind method and FORM in a much simpler and direct manner. 
An illustrative example of the method was given for anchored 
sheet pile wall design.  

Phoon and Honjo introduced two powerful and yet user-
friendly techniques that could be implemented on the PC easily 
by practical engineers. The first powerful tool is use of Hermite 
polynominals. The paper demonstrated how non-Gaussian 
random variables can be presented using Hermite polynominals, 
even if the data do not fit any known classical probability 
distributions, and also how FORM used in conjunction with 
Hermite polynominals is more robust than the commonly used 
equivalent Gaussian technique, taking an example of a laterally-
loaded free-head rigid pile in sand. The second tool is subset 
Markov chain Monte Carlo simulation, developed in the areas 
of computational statistics and financial engineering. An 
illustrative example was also given. The both methods can 
readily be implemented into a modest PC. The authors hoped 
that ease of implementation would popularize the use of 
reliability-based design in practice. 

There are five papers dealing with other geotechnical design 
issues, such as design of motorways (Venmans et al.),
settlement of group pile foundation (Zhang and Xu), a new 
design method for deformation of clay ground (Osman and 
Bolton ), maintenance and protection measures for building 
(Krivosheyev et al.) and dynamic pressure due to rock-fall on 
galleries (Chikatamarla et al.)

The paper by Venmans et al. described the decision support 
system, named MRoad for design of pavement and 
embankments of motorways developed by the Ministry of 
Transport, Netherlands. MRoad calculates pavement thickness, 
settlements during operation, space required for stable slopes 
and damage to the existing road caused by the widening of the 
embankment, as well as costs and construction time, which is 
mainly used in a preliminary design stage. The paper explained 
how MRoad was integrated in the whole design process. The 
design process was illustrated by a case study for a road 
widening on soft soils through an industrial area, in which the 
feasibility of a piled embankment was examined. The system of 
this kind would allow for decision makers a rapid evaluation of 
the best choice among many alternatives. 

In view of serviceability limit requirement in pile foundation 
design, Zhang and Xu gathered data of over 250 static load tests 
of driven steel H piles in Hong Kong to form the database. 
From which they derived long-normal distributions for 
settlements at intended design load, twice design load and at 
failure. The authors also obtained a frequency diagram of a 
group settlement ratio for the case of sand. By combing the 
above statistical information, the authors derived the cumulative 
probability against settlement of pile groups, showing that 
considerable pile group settlement can occur even if all 
individual piles satisfy specified acceptance criteria. 

Osman and Bolton proposed a new method, named 
Mobilisable Strength Design (MSD) method, with a simple 
hand calculation for predicting both stability and soil 
deformation without the need for complex computer 
calculations, by using a stress-strain curve from a single soil test 
taken from the site. MSD method is applicable to deformations 
of clay ground under undrained conditions. Theoretical basis for 
this method is to couple an equilibrium solution based on the 
mobilization of a constant shear strain, with a kinematic 
solution based on the creation of an average mobilized shear 
strain. Two application examples were presented for load-
displacement of a circular shallow foundation and for a wall 
movement during retaining wall construction. Both examples 
were verified by back analysis of field test or field 
measurements. The method seems only applicable to a single 
layer system of clay ground. 

The paper by Krivosheyev et al. described Ukraine’s 
experiences of techniques and full-scale tests for protecting 
building deformation caused by distortion of shallow 
foundation, resting on an area of displacement trough over the 

mined-out space. Possible three modes of building deformation 
were identified; tension strain of floor plates, wall panels tilting 
and separation of lower storey. Several full-scale test results 
were introduced, such as settlement control by use of deep 
dosed watering, building straining by foundation jacked up or 
down. The experiences of use of thermoplastic liners in strip 
foundation and of horizontal drilling methods were also 
described. 

Rockfalls are one of the most prevailing natural hazards in 
the mountainous regions. Centrifuge tests and numerical 
modeling were conducted by Chikatamarla et al. for formulation 
of guidelines for rockfall gallery design in Switzerland. The 
impact pressure on a cushion material was successfully 
measured by flexible tactile pressure sensors, which have been 
used in bio-medicine and car industry. The observed values in 
the centrifuge tests were comparable to those by FEM 
calculation results. 

4 EDUCATION IN GEOTECHNICAL ENGINEERING 

There are two papers related to education in geotechnical 
engineering. The paper by Scharle deals with cognitive 
psychological structure of education in geotechnics. An 
example of computer-aided learning in some geotechnical 
problems was introduced (Bonnard et al.) described a more 
specific issue of teaching geotechnical engineers to avoid 
excessive deformations. The paper by Christensen and 
Kingsbury may be also classified into this group, dealing with 
public education issue how to effectively disseminate the 
knowledge of liquefaction hazard in various communities in 
New Zealand. 

 The paper by Bonnard et al. described a large 
multidisciplinary project of developing an interactive 
knowledge database as a teaching tool for MS and PhD students 
to learn natural hazards and risks through internet. The project 
is called NARHRIS (Dealing with Natural Hazards and Risks) 
and was participated by six universities and research institutes 
in Switzerland. The development of the NAHRIS Swiss Virtual 
Campus is based on a parallel structure including six 
independent teaching modules; Overview/Guide, Basic 
Knowledge and Tools, Hydrological and Meteorological 
Hazards, Geological and Tectonical Hazards, Vulnerability, and 
Integral Natural Risk Management. Each module proposes a 
series of learning units, which can be explored by the students 
in about 45 minutes. An illustration of two learning units related 
to landslide investigation was given. It would be interesting to 
see how well the MS and PhD students acquire the knowledge 
and the power of engineering judgment though this education 
tool.

Knowledge of cognitive psychology may not be familiar in 
geotechnical community. The paper by Scharle provides a new 
insight into the essence of engineering education, which is the 
selection and application of the adequate ‘models’ that 
approximate reality. Four level of knowledge were classified, 
using chess as an example, and this analogy was applied to 
classification of professional expertise. The paper concluded 
that professional geotechnicians are required to have MSc level 
of competency.  

5 CONCLUDING REMARKS 

24 papers submitted to this session suggested that the area of 
interest in geotechnical engineering is still rapidly expanding 
and profession of geotechnical engineering is becoming more 
multidisciplinary nature and knowledge demanding field, far 
from the level that each individual can adequate acquire 
knowledge and experiences of every field. This trend may not 
be natural consequences of scientific development of 
geotechnics but more due to social demand such as 
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globalization pointed out earlier. Computer-based tools for 
decision making, risk management, design procedure and 
education in geotechnical engineering presented in the papers 
may ease such a demand. But further verification of these 
computer-based tools is absolutely necessary to widely 
implement them in practice. Another way to ease such a 
demand is collaboration and networking among expertises in 
different fields, towards engineering solutions that society can 
accept. 
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