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1 INTRODUCTION 
 
Civil engineers have to design and supervise con-
struction of the infrastructure necessary for modern 
societies to operate. Geotechnical engineers design 
and supervise construction of works in the ground 
and using natural geological materials. Their skills 
are both in engineering and in geology. 

Engineers are required to be competent. This 
means they can design and construct works which 
are both safe and economical, fit for purpose, aes-
thetically pleasing and fulfill a number of other re-
quirements. Competence is acquired through educa-
tion, training and experience at school, at university 
and at work. 

However geotechnical engineering is a risky 
business and there is much that can and does go 
wrong. It is said that the single most common cause 
of failure in construction, including delays and addi-
tional costs is in the ground. Moreover, most ge-
otechnical structures move considerably less than 
predicted and so were over-designed - over-design is 
a form of failure. The relatively high incidence of 
failures in geotechnical engineering means that ge-
otechnical engineers are not as competent as they 
should be. 

In this paper I will consider the basic competen-
cies which geotechnical engineers should have – 
what they should be able to do safely and economi-
cally - and how they acquire these competencies. I 
will discuss the purposes of education and training 
and how these should be divided between school, 
university and employers. 

Currently the procedures for educating and train-
ing geotechnical engineers differ in detail across the 
European Community and World-wide. Nevertheless 
the end result should be the same everywhere and in 
this paper I will consider general principles rather 
than specific practices. 

2 WHAT SHOULD GEOTECHNICAL 
ENGINEERS BE ABLE TO DO? 

2.1 Construct a geotechnical model 

A common reason for of claims in construction con-
tracts is “unforeseen ground conditions”. But the 
question arises whether the ground conditions were 
really unforeseeable or whether the ground investi-
gation was inadequate. 

Geotechnical engineers should be able to con-
struct a reasonable geotechnical model. A geotech-
nical model is the basis of an interpretive report. It is 
constructed from all the available investigation data 
contained in the factual report. This is the framework 
upon which the design will be based. 

The geotechnical model consists of: a list of the 
principal strata; cross-sections of the site showing 
the locations of these strata; a list or table giving 
their engineering properties; a summary of the 
groundwater conditions. Sometimes the geotechnical 
model is represented as a three-dimensional block 
diagram (Fookes, 1997). 

Because the ground conditions have to be interpo-
lated between observation, usually from boreholes, 
there will be uncertainties and these should be clear-
ly marked. 

Soils and rocks arrived in the ground by natural 
geological processes and so the geological model 
must be geologically possible. The interpretive re-
port should include a geological history of the 
ground. This should include descriptions of the geo-
logical processes which operated when all the strata 
in the model were deposited and what happened af-
terwards. Sometimes geotechnical models are shown 
to be incorrect because there is no known process 
which would have resulted in the sequence of strata 
in the model or the groundwater conditions are not 
hydraulically possible. 

My students at City University had a ground 
model project to do. They were given Figure 1(a), 
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some basic walk-over observations, some borehole 
logs and some basic laboratory test results and they 
were asked to construct the geotechnical model for 
the site. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1(a). Air photograph of the site.  

 
A reasonable solution is in Figure 1(b). There is a 
geological history which explains the ground condi-
tions and the groundwater conditions are hydrau-
lically correct. My students also obtained engineer-
ing parameters for the soft and the stiff clays from 
their Atterberg limits and their water contents. In a 
later exercise they prepared designs for foundations 
and excavations for a small coal-fired power station 
at the site 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1(b) Geotechnical model. 

 
Geotechnical engineers should be able to construct a 
reasonably accurate geotechnical model. But if un-
foreseen ground conditions are most often inade-
quate ground investigations the conclusion must be 
that they are often unable to. 

2.2 Correctly distinguish between total and 
effective stress 

The principle of effective stress is absolutely funda-
mental to geotechnical engineering and geotechnical 

engineers must have a clear knowledge of it. They 
must understand the difference between drained 
loading, undrained loading and consolidation. They 
must know when to carry out analyses in terms of to-
tal stress and when in terms of effective stress. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Unconfined compression of sand and clay. 

 
Figure 2 shows a sample of sand on the left and a 

sample of clay on the right. Although neither has yet 
failed it is clear that the clay is much stronger than 
the sand. But the angle of friction of sand is larger 
than that of clay and the water content of the clay is 
larger than that of the sand. 

Geotechnical engineers should be able to put rea-
sonable figures to the unconfined compressive 
strengths of sand and clay. They should be able to 
draw Mohr circles of total and effective stress for the 
sand sample and the clay sample and hence deter-
mine the pore pressures in each. (These are given by 
Atkinson, 2007.) They will find that in both cases 
the pore pressures are negative. They should be able 
to explain why fine grained soils can sustain consid-
erably greater suctions than coarse grained soils. 

If the samples in Figure 2 are put into water they 
will form cones: the sand will collapse quickly but 
softening of the clay will take much longer. The 
terms granular and cohesive to describe soils are 
misleading. Both samples in Figure 2 are granular 
(they both consist of individual particles) and both 
have cohesive strength. Soils should be described as 
coarse-grained or fine-grained as grain size (strictly 
pore size) controls suction and drainage. 

Geotechnical engineers should know when soil in 
the ground is drained and they should do analyses 
using effective stress and when soil is undrained and 
they should do analyses using total stress. 

2.3 Carry out basic analyses by hand. 

Nowadays many geotechnical engineering analyses 
are done using routine methods, spreadsheets and 



computer programs. These analyses must always be 
checked by simple hand calculations. 

There are some basic formulae which geotech-
nical engineers should be able to derive from first 
principles. The ones which I think are important are 
as follows. (The analyses are given in Atkinson, 
2007.) 

The long term limiting angle i of a slope in which 

there is steady state seepage parallel with the slope is 
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where ’ is the effective stress friction angle. This 
should be derived using a polygon of forces. 

The ultimate bearing capacity qc of a long founda-

tion at the surface of soil which is undrained is 
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where su is the undrained strength of the soil. This 
should be derived using simple upper and lower 
bound calculations. 

The total horizontal stress on the active side of a 

smooth wall supporting drained soil is 
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where u is the pore pressure and 
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and ’ is the effective stress friction angle. This 
should also be derived using simple upper and lower 
bound calculations. 

The consolidation settlement  of a wide founda-
tion is the same as the settlement when the soil is 
drained and is 

Dq
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where M’ is the one-dimensional compression mod-
ulus (= 1/mv). D is the depth of the compressible soil 
and q is the bearing pressure of the foundation. 

The time for one-dimensional consolidation to be 
complete is approximately 

v
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where H is the drainage path length and cv is the co-
efficient of consolidation. This can be derived from 
simple definitions of terms taking Tv = 1 at Ut = 1. 

The point here is not so much that geotechnical 
engineers can or cannot derive these formulae, they 
are given in text-books, but whether they can do 
simple analyses by hand to check more complex 
analyses.  

2.4 Determine parameters for analyses 

Geotechnical analyses require input of soil parame-
ters and factors. 

The ground engineering properties of soils and 
rocks (strength, stiffness and permeability) depend 

on their mineralogy and history so these must be 
compatible. For example there are well defined rela-
tionships between undrained strength and liquidity 
index and between large strain (critical state) friction 
angle and grain characteristics. 

As discussed in section 2.2 above geotechnical 
engineers must be able to distinguish between 
drained construction which requires effective stress 
analyses with effective stress parameters and un-
drained construction which requires total stress anal-
yses and total stress parameters. Undrained construc-
tion, either loading a foundation or unloading by 
excavation, will be followed by consolidation. Un-
drained loading will be followed by increase of 
strength and stiffness while unloading will be fol-
lowed by reduction in strength and stiffness. Ge-
otechnical engineers must understand these process-
es clearly. 

A geotechnical design must satisfy either an ulti-
mate limit state or a serviceability limit state or both. 
To determine the ultimate limit sate analyses require 
input of a soil strength together with a factor of safe-
ty to ensure that the ultimate state is not reached. To 
determine a serviceability limit state analyses can ei-
ther apply a load factor to an ultimate limit state or 
determine movements from soil stiffnesses.  

Some of the basic analyses in geotechnical engi-
neering are in equations (1) to (6). These require in-
put of basic soil parameters for strength, stiffness 
and permeability (or coefficient of consolidation). 

Soils have peak, critical state and residual 
strengths for both drained and undrained loading and 
they have stiffnesses which vary substantially with 
both stress and strain (Atkinson, 2000). Parameters 
measured in laboratory and in situ tests will have a 
natural scatter often represented by a distribution 
curve characterised by mean, moderately conserva-
tive and worst credible values. 

For slope stability analyses, factors of safety for 
ultimate limit states are usually in the region of 1.2 
while for foundations load factors for serviceability 
limit states are in the region of 3.0. 

Geotechnical engineers should be able to select 
strength and stiffness parameters and factors appro-
priate to the construction and to the limit state being 
considered. The issues are discussed by Atkinson 
(2007). 

2.5 Design safe and economic groundworks. 

Geotechnical design requires a good geotechnical 
model and correct use of analyses soil parameters 
and factors. It also requires consideration of how the 
works will be built – the construction processes. The 
final design should be safe but also economical. 

If things go wrong - construction does not go ac-
cording to plan or there are unexpected events or 
movements are too large, or much smaller than ex-
pected – it means that the geotechnical engineers got 



something wrong. They lacked competence in a cru-
cial component of the design. 

Notice that there is nothing here about correct use 
of standards or codes of practice. Competence re-
quires the engineer to get the basics right; it does not 
require the engineer to follow a code or standard. 

3 HOW GEOTECHNICAL ENGINEERS 
ACQUIRE COMPETENCE 

3.1 Education, Training and Experience 

Engineers acquire competence by education, training 
and experience. Children acquire experience through 
play and this continues throughout life. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Unconfined compression of sand. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. Excavation to the water table. 

 
Figures 3 to 6 illustrate how children acquire ex-

perience of soil mechanics. The sandcastle in Figure 
3 demonstrates pore water suction. The excavation 
in Figure 4 demonstrates the importance of ground-
water. The dam in Figure 5 demonstrates seepage, 
erosion, excavation and compaction. The dry area 
around the footprint in Figure 6 demonstrates un-

drained shearing of dense sand. The basic principles 
learned here apply also to large scale construction. It 
is a pity that these principles have often been forgot-
ten by the time civil engineers graduate from univer-
sity. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. Seepage and erosion of a dam.  

 
 
 
 
 
 
 
 
 
 
 
 
Figure 6. Undrained shearing of dense sand. 

3.2 Education and training 

I am distinguishing between education and training. 
Education deals with basic principles. It includes 
mathematics, mechanics, physics and chemistry and 
some aspects of contract law. It includes the behav-
iour of ideal soils and rocks and ideal foundations 
and slopes. It includes the basic relationships be-
tween the parties in a construction contract – client, 
designer, contractor. 

Education should be acquired at school and in the 
university. Training deals with how to apply this ed-
ucation in practice. It includes use of standards and 
codes of practice and the practice of getting things 
done. Training should be acquired at work. Experi-
ence is doing geotechnical engineering in practice 
over a long period or time and learning from making 
mistakes. 

There are a number of routes along which ge-
otechnical engineers acquire competence. For exam-
ple many specialist engineers returned to university 
for a period of further education after a period of 



training in practice. The important point is to recog-
nise that education and training are different compo-
nents of the total formation of geotechnical engi-
neers. 

3.3 Education before university 

There are some basic competencies which should be 
acquired before entry to university. These are math-
ematics, physics, chemistry and communications 
skills. 

The levels at which these are studied at school 
varies. Skills in pure mathematics should certainly 
include basic algebra, trigonometry and calculus as 
geotechnical engineers use all these. Physics should 
concentrate on mechanics which overlaps with ap-
plied mathematics. Chemistry should include the 
processes relevant to weathering. School-leavers 
should be able to communicate concrete and abstract 
ideas through speech, the written word and, particu-
larly, by hand-drawn diagrams. Sadly many universi-
ty entrants do not have these skills.  

3.4 Education at university 

Most geotechnical engineers have their basic univer-
sity education in departments of civil engineering. 
They should acquire competence in basic theories of 
structures, hydraulics and geotechnics as well as 
knowledge of the basic principles of topics such as 
construction management. 

Some geotechnical engineers have their basic 
university education in departments of geology. 
They will not study structures and hydraulics but 
they should study soil and rock mechanics and foun-
dation engineering. which require basic skills in 
mathematics and physics. 

In an ideal world, entrants into university should 
have the skills described in section 3.3. University 
education should build on these basic skills in an en-
gineering context. A graduate entering civil engi-
neering as a profession ought to be able to do the 
tasks set out in section 2 above for ideal ground con-
ditions and ideal ground engineering designs. 

Whether they can or not depends crucially on two 
factors; their enthusiasm and appetite for the subject 
and how well they were taught. These of course are 
not independent; good teachers generate enthusiasm. 

Sadly many graduates, and practicing civil engi-
neers and engineering geologists, cannot do the basic 
tasks set out in section 2 even for ideal soils and ide-
al constructions. (Whether or not they should be able 
to is a matter for discussion but the fact remains that 
many cannot.) 

Graduates in civil engineering or geology quite 
probably do not have the basic theoretical skills re-
quired to be a geotechnical engineer. A common way 
to acquire these specialist skills is to attend a taught 
MSc course in geotechnical engineering or engineer-

ing geology. A few enter geotechnical engineering 
with a PhD in soil mechanics or a related subject. 
Graduates with a higher degree in a geotechnical en-
gineering subject should certainly be able to do the 
tasks in section 2 above. 

Many university teachers teach what they them-
selves were taught. and so teach another generation 
the same thing in the same way. (This is entirely un-
derstandable since university staff will further their 
careers more by excellence in research than excel-
lence in teaching.) Several standard and well-used 
text-books were first written several decades ago 
and, although they have been revised they remain 
much the same as the original. As a result the basic 
principles of geotechnical engineering are often bad-
ly taught and there is little progress and innovation 
in geotechnical engineering practice. 

Many university courses, in response to demands 
by employers, aim to deliver fully-formed engineers 
and so they include a large component of design us-
ing codes and standards in their courses. This is a 
bad policy because firstly the class-room is a poor 
substitute for the design office and secondly time 
spent on standards and codes reduces the time avail-
able for study and mastery of basic principles. More-
over standards and codes are transitory, they are like-
ly to change several times during the working life of 
an engineer and it is a poor use of time to study them 
in university. 

At this stage students become over-reliant on the-
ory and they forget their child-hood experiences 
when they learned the basics of geotechnical engi-
neering illustrated in Figures 3 to 6. 

3.5 Training in work 

It is of course a major step from the lecture room to 
the design office and graduates should not be ex-
pected to be competent geotechnical engineers on 
their first day at work. There is an obligation on em-
ployers to contribute to the competence of their em-
ployees. 

Training of geotechnical engineers by employers 
normally covers application of standards and codes 
of practice and use of the firm’s office procedures. 
At this stage basic principles get forgotten unless 
they were very firmly embedded at University and 
their child-hood experiences were forgotten long be-
fore. 

In the same way that teachers teach what they 
themselves were taught so trainers train new engi-
neers to do things as they themselves were trained to 
do them. The end result is a profession over-reliant 
on standards and codes, themselves of doubtful qual-
ity, with poor understanding of basic theories and 
having forgotten their child-hood experiences. 



3.6 Education and training: where should these be 
done? 

If, as I have argued, there is a distinction between 
education and training and both universities and em-
ployers contribute to the skills of a geotechnical en-
gineer the question arises who is best equipped to 
educate in the basic principles and who is best 
equipped to train in the practical applications of 
them. Put like that it is quite simple; schools and 
universities should educate so graduates acquire the 
basic theoretical skills and employers should train 
them to use these skills in the real-world. 

Currently there are two problems with this ideal 
approach. Universities are increasingly being re-
quired to train as well as educate and work-place 
trainers train as they themselves were trained. Both 
adversely influence the competencies of geotechnical 
engineers. 

4 SUMMARY 

There are number of things which geotechnical en-
gineers should be able to do. These basic competen-
cies are acquired through child-hood experiences, 
through education at school and at university and 
through training and experience at work. 

There are however many examples of things go-
ing wrong with construction in the ground and when 
this happens it means the geotechnical engineers 
lack the competencies required of them. 

There are a number of reasons why geotechnical 
engineers may lack competence. They forget their 
child-hood experiences. Basic education in schools 
may not adequately provide core skills in mathemat-
ics, physics, chemistry and communications. Univer-
sities often spends time on use of standards and 
codes without properly teaching basic principles. 
Work-place trainers themselves often rely too much 
on standards and codes without proper consideration 
of basic principles and so pass on bad practices. 

What is often considered to be an unforeseen 
ground condition is usually a consequence of an in-
adequate ground investigation. This is a result of 
poor communication between engineers and geolo-
gists. 

The principle of effective stress underpins all ge-
otechnical engineering but its application is often 
mis-understood. Geotechnical engineers are some-
times uncertain when to use total stress analyses and 
when to use effective stress analyses. 

Analyses of geotechnical designs are most often 
done using numerical analyses of one kind or anoth-
er such as using spreadsheets, routine slope stability 
analyses and finite elements. These analyses should 
be checked by hand calculation and geotechnical en-
gineers are often unable to do these simple checks 
from first principles. 

Soils and rocks behave differently under different 
applications and there are a variety of combinations 
of parameter values and factors applicable to differ-
ent design limit states. Geotechnical engineers are 
often unclear about the relationships between, for 
example, peak, critical state and residual strengths 
and factors of safety and load factors. 

 
The opinions expressed in this paper are my own. 

They arise from my research into the basic causes of 
failures in geotechnical engineering and my experi-
ences teaching workshops for practicing engineers. 
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