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Topsoil Thickness Modelling using GIS for the Purpose of Assessing Risks 
from Underlying Contaminated Material on Hope Cottage Allotments, 

Portsmouth.

A. Morgan, D.P. Giles and N.R.G. Walton 
Department of Geology 

University of Portsmouth 
Burnaby Building, Burnaby Road 

Portsmouth, PO1 3QL 

The Environmental Health Service of Portsmouth City Council has, under Section 
143 of the Environmental Protection Act, embarked upon a programme of 
identifying, evaluating and if necessary remediating, potentially contaminated 
sites in the area of its jurisdiction. Portsmouth has a long history of reclamation of 
coastal areas using various fill materials with much of this fill material being 
potentially contaminated. Many of these areas are now being used as private 
allotment gardens.  

A preliminary desk study at the Hope Cottage Allotments in Portsmouth indicated 
that the topsoil of the allotments was underlain by domestic refuse. A subsequent 
site investigation was undertaken to determine whether there was any health risk 
to allotment holders through contaminated vegetables or by working with the soil. 
This investigation took place during January and February 1994 and involved 
excavations at a number of locations across the site where samples of both topsoil 
and underlying ground were taken. To determine whether any migration of 
pollutants had taken place from the potentially contaminated fill material into the 
vegetables, samples of various types of vegetables were also taken. 

As predicted by the desk study the underlying ground was found to consist of 
degraded refuse fill incorporating pieces of clinker, brick and glass in a 
clayey-ashy-gravel matrix with some fragments of metal, wood and pottery. This 
material is known to have originated from between 1910 and 1932 and derived 
from an old refuse incinerator previously located to the south-east of the site. This 
made ground is generally in a loose granular state and is relatively permeable 
thus allowing free movement of groundwater and therefore potential contaminants 
across and below the site. While finding no evidence of elevated chemical levels in 
the vegetable samples, the nature of the material underlying the topsoil prompted 
the environmental consultants to recommend that each allotment plot had a 
topsoil cover in excess of 500 mm thick. This recommendation initiated a 
requirement for additional works at Hope Cottage Allotments to evaluate current 
topsoil cover and to indicate areas where additional topsoil may be required. 

Portsmouth City Council staff undertook a topsoil thickness survey on all of the 
plots at Hope Cottage Allotments at the end of the growing season. The survey 
was carried out in November and December 1994 and consisted of a total of 78 
holes. These holes were hand dug to the depth of the fill material and the hole 
location and topsoil thickness recorded. If a total topsoil thickness of 500 mm was 
present and no fill was encountered, digging was halted and a value of 500 mm 
recorded. 



It was decided to use the raster based IDRISI GIS to model the topsoil thickness 
and to present and visualise the results of this analysis. A soil thickness model 
was constructed highlighting areas where the depths to the base of the topsoil 
were too shallow and thus required remediation. Additionally it was hoped that 
the construction of such a model would allow the calculation of the volume of soil 
required for a complete remediation of the site, ie. adding topsoil until all areas 
had a minimum cover of 500 mm. 

A rough outline plan of the allotment plots was scanned into the computer, 
initially in a TIFF format and then imported into IDRISI. The plot boundaries 
were then digitised on-screen from the IDRISI image to create a vector file for use 
as a spatial reference with derived images from the topsoil model. The topsoil 
depth sample locations were entered into the database by digitising the locations 
directly onto the scanned allotment image. The topsoil thickness from each sample 
location was recorded as the point identity number. This provided the 
interpolation functions of IDRISI with input data in the required format. 

At this stage the allotments were still in the original orientation of the scanned 
plan. It was decided to re-orientate the allotment outlines north-south to simplify 
the process of extracting sub-areas of the site. The allotment plots on the site are 
split by an access roadway and therefore the two sides were considered as separate 
areas, with a separate interpolation process being undertaken for each side. To 
re-orientate the plot boundaries the image was resampled, a process which allows 
the re-registration of an image or vector file from one grid system to another. A set 
of co-ordinates taken from the original file were matched to their new locations in 
the north-south orientation using trigonometric methods. This produced a 
'correspondence' file for the resampling procedure. The plot boundaries were then 
rotated around a specified point, with a linear or first order, polynomial fit. This 
achieved a very satisfactory result, with minimal distortion of plot outlines. The 
same method and 'correspondence' file values were also used to transpose the trial 
pit locations onto a north-south orientated grid system. 

Interpolation was used to generate two images of topsoil thickness across the 
allotment plots, by producing a separate surface model for each side of the site 
from two separate point data files. These data files were extracted on a location 
basis in relation to the central access road from the depth point data in the vector 
file. A blank image of the whole site was then created from the scanned image, 
onto which both interpolated surface images were concatenated. A spatially scaled 
blank gap was left between the two images when concatenation took place to 
represent the central access roadway. This requirement for the roadway to be 
separate from the interpolated thickness of each side was necessary as any 
remediation required on the allotment plots would not be undertaken over the 
roadway. 

The initial data coverage of interpolated topsoil thickness showed that most areas 
had a depth to base of topsoil of between 300 and 400 mm, with some areas having 
only 150 mm soil cover. These areas were unfortunately scattered across the site, 
therefore making a localised remediation programme unfeasible or too costly. 

A reclassification was subsequently carried out on the concatenated image 



assigning the interpolated values into new categories of 50 mm thicknesses. This 
image provided a shaded contour representation of the topsoil depths on the Hope 
Cottage Allotments. The vector boundaries of the allotment site were then 
converted into a raster representation utilising the excellent raster and vector 
conversion facilities provided by IDRISI. The rasterised image was then added to 
the reclassified image of topsoil thickness for display purposes only. 

The orthographic display functions of IDRISI allowed an excellent perspective 
view of the topsoil cover to be constructed. When overlaid with the classified 
topsoil thickness image, a better insight was gained of the spatial distribution of 
total topsoil depths over the site. To simplify the display of the model, an 
orthographic view was produced from the classified image, with the same image 
being used for overlay purposes. This produced a stepped landscape of topsoil 
depths clearly showing areas of concern and in need of remediation works. 

Coloured outputs of both the classified 2-D model and the stepped 3-D model were 
produced on a colour inkjet printer and used to illustrate the topsoil survey 
results. With regard to the environmental consultants initial recommendations of 
a minimum of 500 mm of topsoil over the allotment plots, an application to central 
government for funding for remediation in 1996/97 was recommended. The 
funding application for the remediation works required a monetary value to be 
calculated for the required amount of topsoil to be placed on the allotments. The 
existing model was used to calculate the volume of topsoil required to bring the 
soil depths up to a minimum of 500 mm for the whole site. The topsoil thickness 
coverage was subtracted from an image with a blanket value of 500 mm across the 
site to obtain the amount of topsoil required. Statistical functions were then used 
to calculate the volume of topsoil required, initially in cell units. The dimensions of 
the allotment site were taken from an Ordnance Survey 1:1250 map sheet and 
used to calculate the individual cell area of the model. By multiplying the number 
of cells required by their area, a good estimate is achieved, as to the volume of 
topsoil required for complete remediation; which was approximately 1355 cubic 
metres. 

The use of a GIS model to interpolate topsoil depth or thickness values over the 
allotment site from a series of sample locations has had a number of benefits. The 
data has been easy to manipulate and transform, and has allowed the 
interpolation process to be controlled by the user, thereby achieving a more 
realistic representation of the reality of the spread of the topsoil. The various 
display functions available within GIS have allowed the results of the survey to be 
displayed in a number of formats, allowing simplified plots to be produced for 
non-technical personnel. Finally, the requirement for a total topsoil volume for 
complete site remediation was easily achieved by utilising the model to provide the 
required data for a full volumetric calculation. 
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Site investigation education today
Site investigation appears to fall through a net
between education and training, being described
as another ‘management type quality best
imparted at site level’ or ‘as having been lec-
tured on, briefly, somewhere between
Introduction to Geology and Advanced
Foundation Design’.

The fact remains that all would-be civil and
structural engineers and other members of the
building team should be fully aware of the need
for site investigation and have the requisite level
of competence in its application to their role in
the profession. Recent evidence would suggest
this is not so. 1, 2

Civil and structural engineering is under pres-
sure in higher education; the difficulties in
attracting suitably qualified candidates, the
charge of ‘over teaching’ and the pressure to
move to student-centred learning all militate
against any move to increase course content in a
particular area, no matter how worthy. The
development of a computer assisted learning
(CAL) package for site investigation is one
attempt to address some of these problems,
although it may be argued that identifying what
are the fundamental elements of geotechnics
actually needed by the majority of BEng stu-
dents and not the minority of future MSc/PhD
specialists also needs to be addressed.

A CAL package can make useful, structured
material available for students and tutors to work
with at their own pace. The process of producing
such a package for site investigation forces the
developers to ask the following questions.

• What is site investigation? 
• How can the content be structured to allow

for different teaching and learning styles?
• What are the teaching and learning objec-

tives for material applied to different types of
audience?

In the wake of the ‘Littlejohn initiative’ on site
investigation practice in 19931, 2 the purpose of
this paper is to initiate a debate on whether and
how site investigation can be taught within the
undergraduate environment.

The importance of site investigation—
an old chestnut

The inadequacy of site investigations has been
a long-running issue in civil engineering. Indeed,
Professor Littlejohn’s report as chairman of the
ICE ground board in 1991 on inadequate site
investigation was met by comments in certain
quarters such as ‘not again’ to ‘good luck, we
failed last time’ and similar. 

There were some damning findings in the
report:

• 37% of industrial building projects suffered
delays due to ground problems

• 50% of commercial building projects suffered
delays due to unforseen ground conditions.

Both the National Audit Office and the
Transport Research Laboratory identified excess
costs due to geotechnical problems and inade-
quate site investigation as the largest element of
technical and financial risk in civil engineering
and building projects. The final phrase of the
report—‘you pay for a site investigation whether
you have one or not’—must be imprinted on the
minds of all who have read it.

Custom has it that the reduction of such risks
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is a matter of persuading enlightened clients to
spend more than the 0.1 or 0.2% of the capital
cost commonly made available for site investiga-
tion. This may be part of the solution, but how
much of the problem is the result of inexperi-
ence of civil, structural and non-specialist geot-
echnical engineers in site investigation? There
could be an improvement if resources were
expended more wisely.

The authors, as practising geotechnical engi-
neers, are only too aware of some of the bizarre
‘site investigation’ requests that emanate from
industry. Small structural engineering practices
are particularly vilified when geotechnical engi-
neers gather to lament the state of the industry.
These same structural engineers have, during
their professional training, sat through the iden-
tical lectures in soil mechanics and geotechnics
as the rest of the graduate profession of civil and
structural engineers. 

A knee-jerk reaction to keep project costs
down in areas where clients see little tangible
evidence for their expenditure can be contrasted
with the resort to ‘hole bashing’ in certain quar-
ters. 

Education or training?
Much of the inadequacy of site investigation in

professional practice may be due to a fundamen-
tal lack of education and/or training in site
investigation. But where does the responsibility
lie for improving on the status quo?

It would appear that both the philosophy and
practice of site investigation fall through a net
somewhere between education and professional
training. Current influences in UK higher educa-
tion are leading to further withdrawal from
expensive hands-on fieldwork and laboratory
sessions.

In the early 1980s Professor Sir Alan Harris
sparked a major debate within the civil engineer-
ing profession as to whether design could, or
indeed should, be taught within the undergradu-
ate environment.3 At the time, graduates
emerged without being aware of codes of prac-
tice or the need to integrate the design process
beyond the individual element. As a result of this
initiative and debate, many university civil engi-
neering departments revised what they taught
by way of design of structural steel and rein-
forced concrete elements and the way in which
this was conveyed to the nascent civil engineer.
The debate spawned many innovative, fully inte-
grated design projects with far wider scope than
the elemental, component-assembly and frame-
work-biased design courses that had gone
before. Here is a direct parallel with site investi-
gation. 

Almost all engineers will have some contact
with the actual process of site investigation in
their careers. Yet the delivery of the subject at
undergraduate level is extremely variable. Many

academics mention it almost in passing or teach
it isolated from reality. Whether this is because
of the dearth of traditional published teaching
material in this area or perhaps that the subject
matter does not appear to offer the philosophical
challenge is not clear. What is evident to most
academics is that if the profile of site investiga-
tion is to be raised in geotechnical courses
something else inevitably must be dropped. 

Industry has benefited by having graduates
who, in design, can fall back on their design pro-
ject experiences.  Industry can further benefit
with graduates being much better versed in the
basics of site investigation.

How much?
A proposal by Poulos8 in 1994 for suggested

geotechnical curricula allows 2 h in 78 h of lec-
turing and a 1 h tutorial (Fig.1).

In a recent survey4 of university departments
it is suggested that site investigation comprises

MORAN, LANGDON
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(a)    Lectures (26 hours) and tutorials (13 hours)

Topic Lecture Tutorial
hours hours

Soil formation and geomorphology 2

Phase relationships and basic definitions 1 1

Soil classification 1 1

Effective stress principle 2 2

Permeability of soil 1

Seepage analysis 4 2

Stress paths, Mohr circles 2 1

In situ stress, preconsolidation pressure 1 1

Soil compressibility and stress strain 3 1

Soil strength 3 1

Critical state concepts 4 2

Undrained and drained strength 2 1

26 13

Demonstrations and laboratory work (13 hours)

Topic Objective

Effective stress principle Illustrate principle via models such as 

(demonstration) spring model ‘sand hand’

Seepage/quicksand Illustrate effect of increasing hydraulic

(demonstration) gradient on sand column

Soil classification (lab) Engineering description of various

soil types

Seepage model (lab) Compare measured and theoretical

flow net and hydraulic heads

Direct shear tests on clay Compare drained and undrained strength

(lab) behaviour

Direct shear tests on sand Compare loose and dense samples,

(lab) illustrate critical state



approximately 4 h of taught material, perhaps 2%
of the entire geotechnics undergraduate curricu-
lum.  This leaves something in the order of
0.75% of the undergraduate course to teach the
means to assess the ‘largest element of technical
and financial risk in civil engineering and build-
ing projects’. 

Many geotechnical engineering courses have a
wide and varied spectrum running from a geolo-
gy introduction, through shear strength and the
critical state model to applied geotechnical
processes. Whereas the use of final-year options
has relieved some of the pressures on this pack-
age a lot is covered and arguably much that is
taught remains outside the future experience of
the majority of graduates. 

However, the majority of civil and structural
engineers will, at some point, procure investiga-
tion of sites with which they are involved and
subsequently apply determined soil properties
for the design of structures which interact with

the ground. Whereas the latter material is often
well developed on courses, enquiries about the
education of undergraduates in the subject of
site investigation provoke a variety of responses.
These range from information on complete mod-
ules to field trips, to a variation in a Bennison
map problem and a site investigation contrac-
tor’s video.

Part of the problem, in relation to civil and
structural engineering courses, may be that the
prescriptive is easy to teach and is more readily
learned. Areas such as design and site investiga-
tion inevitably deal with the qualitative and
uncertain—areas in which engineering educa-
tion is traditionally weak and industry thought to
be better. No matter how good the professional
training scheme is, or how rigorous the profes-
sional review, few graduates will spend time in a
geotechnics department as a mandatory part of
their training.  Many will, however, be rotated
through structural and infrastructure sections.

Fig. 1. Typical curric-
ula for undergraduate
courses in (a) basic
soil mechanics, (b)
soil and foundation
engineering and (c)
applied geotechnical
engineering (after
Poulos8)
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(b)    Lectures (26 hours) and tutorials (13 hours)

Topic Lecture Tutorial
hours hours

Principles of stability analysis: short term 2 1

and long term conditions

Principles of settlement analysis 4 2

Laboratory testing procedures 2 1

Design of shallow foundations 2 1

Earth pressures and retaining wall design 4 2

Stability of slopes and excavations 4 2

26 13

Demonstrations and laboratory work (13 hours)

Topic Objective

Consolidated undrained Reduce and interpret data for   

triaxial test on clay engineering parameters

(video or demonstration)

Oedometer test Reduce and interpret data for 

(video or demonstration) compressibility

Model footing test (lab) Measure load-settlement behaviour,

compare with theory

Model laterally Measure load-deflection behaviour,

load pile test (lab) compare with theory

Retaining wall model Measure active and passive forces

(lab) on walls: compare with theory

Computer analysis of slope Analyse short-term and long-term slope

stability (lab) stability with computer program: 

compare with chart solutions

(c)    Lectures (26 hours) and tutorials (13 hours)

Topic Lecture Tutorial
hours hours

Site investigations 2 1

In situ testing 3 2

Soil compaction 2 1

Soil improvement technique 3 2

Soil reinforcement 4 2

Support of excavations; braced 4 2

excavations, tieback anchors, slurry walls

Dewatering and groundwater control 3 2

Problem soils; expensive and collapsing 2 1

soils, frost susceptability

Approaches to solution of geotechnical 3

problems; problem formulation, simplification,

parameter selection, analyses, check, 

assessment via performance measurements

26 13

Laboratory and field demonstrations and projects (13 hours)

Topic Objective

Site investigation techniques Demonstrate drilling, coring, logging 

(field demonstration) SPT testing

In situ testing techniques Demonstrate CPT, DMT, PMT

(field demonstration)

Soil reinforcement (lab) Demonstrate effect of reinforcement

on retaining structure stability

Case study (project) Analysis of excavation support case 

study; theory versus measurements

Foundation design Applications of problem solution

(project) approach using real data

Retaining structure design As above

(project)



The industry cannot compensate for the lack of
basic experience.

Quart in a pint pot
The debate over what is taught to civil engi-

neering students and what they actually use
rumbles on. The compression of civil engineer-
ing courses to 18 h contact time per week, the
frequent accusation of over-teaching compared
with other undergraduate disciplines and the
move to student-centred learning lead us all to
reassess what we teach and how to teach it.
Courses remain full of eigen values, dot products
and forced vortices. All worthy philosophically
and all receiving benign approval of the institu-
tions. The hands-on content of courses is under
pressure. University civil engineering division
budgets have never been tighter and the
resources demanded by laboratory classes are
challenged. University management seems to
circle enviously over the laboratory space, pro-
ducing outline calculations of how many busi-
ness school students they could ‘battery rear’ in
the space.

Within the geotechnical engineering syllabus
the balance may be wrong. Is it true to say that
more graduates need to know how to organize
and execute a site investigation than need to be
able to undertake complex slope stability analy-
sis? Academics have a weakness for teaching
material that makes good examination questions
at the expense of the professionally relevant.

From 1990 to 1994, about 2000 civil and struc-
tural engineers graduated each year. Those in
academia are aware that very few of their students
become specialist geotechnical engineers. Using
the MSc in a geotechnical subject (soil mechanics,
engineering geology, foundation engineering, etc.)
as a bench mark, it is probable that no more than
100 new specialist geotechnical engineers are pro-
duced each year with perhaps up to 50% coming
from separately taught engineering geology or
applied geological backgrounds. Arguably we are
gearing this education to a very small group at the
expense of the majority.

The authors would contend that site investiga-
tion should be thoroughly taught to civil and
structural engineers, and other members of the
building team should be fully aware of its impor-
tance. This is perhaps the most important step to
be taken in the improving of standards in site
investigation. Those thoroughly well versed in
the scope of site investigations, their advantages
and the risks of not having them are better able
to convince the reluctant client. Evidence of the
need is in the recent reports on ground investi-
gation and, after all, everything else tried so far
seems to have failed.

Computer assisted learning—help or
hindrance ?

The Teaching and Learning Through

Technology Programme (TLTP), funded
through the combined UK higher education
funding councils, is an attempt to offset the drop
in per-capita student funding by supporting the
development of technology-led teaching pack-
ages aimed at undergraduates.

In 1993 Dr Davison of the University of the
West of England led a successful consortium bid
to the TLTP on behalf of the geotechnical acade-
mic community. Of the five themes developed
under TLTP, the authors are responsible for one
entitled ‘site investigation’. The multi-media
opportunities offered by computer assisted
methods certainly appear to offer, through simu-
lation, a means to undertake virtual site investi-
gation. A young engineers’ first experience of
designing a site investigation need not therefore
involve a real client and real money and can also
be fun.

The success of the CAL project ultimately
depends on

• the outcomes to a sound set of teaching and
learning objectives within the package

• the ability for tutors to use the material with
a minimum effort

• whether an excitement for the subject is
engendered in its students

Success will be evidenced by the uptake of the
material in the target courses.

Teaching and learning
Is a CAL package suitable for bridging the site

investigation, or indeed any, education and train-
ing gap? Certainly some aspects of the material
are difficult to simulate and can appear very dry
in traditional teaching. It is simple to describe a
desk study content but not easy to re-create the
investigative excitement, for example. CAL
appears to offer one solution.

At the root of the design of the software is the
definition of a set of competencies for students
which attack the question ‘what should a student
be able to do at the end of the course?’
Ultimately these competencies are to be evi-
denced by the students’ ability to conduct a site
investigation and prepare a suitable factual or
interpretative report matched to the level at
which the subject is studied. As mechanistic as it
all sounds, the approach does have the merit of
laying bare the core of a learning exercise and
also proof of evidence when higher education
has to demonstrate both to the paying student
and government its ability to deliver tangible
benefits.

Is this how to measure the broadening of intel-
lect and the learning of basic principles so often
quoted as being the purpose of education? If a
teaching strategy could be reduced to the pre-
sentation of information followed by the test of
competence then computer-based training would
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probably have replaced much of what we do by
now. Teaching and learning are adaptive
processes; the teacher is able to adapt material
and presentation to resonate with some feedback
received from students. This is difficult to repli-
cate in a computer-based teaching package. To
reflect this the approach adopted in the CAL
package for site investigation has the following
design precepts

• it is an adjunct to traditional teaching rather
than a replacement for it

• it uses graphical forms of communication
wherever possible

• textual communication is presented in limit-
ed packages

• textual and graphical information are hyper-
linked (directly reference-linked) to support-
ing information in order to attempt to sustain
explanation

• the depth of linked information is limited to
avoid losing the objective 

• basic understanding is tested by question-
ing—with hints and feedback

• the depth of information and self-testing
questioning can be altered for differing
expected competencies

• exploration of understanding is made by a
simulation of the site investigation process
and depends upon review and feedback from
the teacher.

What is site investigation ?
There are a variety of stages that industry

identifies for site investigation and indeed various
authors have sought to describe.5 ,6, 7 The process
is essentially one where a client, however vague-
ly, sets the constraints of the investigation.
Existing information has then to be assessed by
the professional engineer, leading to field works
and testing in order to characterize the site geot-
echnically. The professional engineer then
reports back the information in a manner and in
a style appropriate to the original brief.

For the purposes of structuring the teaching
of the subject through CAL, the process has
been encapsulated under the following headings

• brief
• desk study 
• ground investigation
• reporting.

These activities represent the essential build-
ing blocks in the site investigation process. The
typical screen for introducing the student to
these modules is shown Fig. 2.

Levels of competence
In considering the process of desk study it is

clear that various audiences would be expected
to have different levels of competence. These

competencies could be evidenced in the sophisti-
cation or scope of the questions that could be
answered by a particular student on the subject.
It is important to recognize that incorporated
engineers may well be expected to demonstrate
a higher level of competence in a specific area
than a chartered engineer. Likewise, a techni-
cian engineer would perhaps share a similar level
of competence with non-civil engineering profes-
sionals, whereas geotechnical engineers from
both engineering geology and civil engineering
backgrounds must demonstrate the highest level
of competence. 

As an example, the fundamental level of under-
standing desk study is determined by the follow-
ing questions.

• What constitutes a desk study?
• In the site investigation sequence, when

should a desk study be undertaken?
• What type of information might be returned

from a desk study?

At the next level, a greater appreciation would
be expected of the detail of the process of desk
study, leading to the following questions.

• What sort of information would be collected
during the desk study?

• Where would you look for topographical data
relating to a particular site?

• What information can be determined from the
use of aerial photographs?

At the highest level handled in the present
work an applied knowledge of the subject would
be expected as evidenced by the ability to handle

Fig. 2. Introductory
screen to the
computer-aided
learning package for
site investigtion
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the following types of task.

• Provide a simple geological interpretation
from BGS County Series mapping.

• Use walkover survey information to infer
potential geotechnical problems.

• Undertake simple air photo interpretation.

Such knowledge is imparted and tested over a
range of topics delivered as sub-modules to the
main topic heading above.

Learning through play
The various learning exercises are brought

together and put into context through the use of a
site investigation simulation. The objective of this
‘game’ is to engender experience in a controlled
environment. The game is designed around the
idea of a sequential path from a brief to report
compilation and also to be fun. Deliberately, there
are humorous characters and scenarios. 

The investigation is conducted from three
principal locations: the office, the site itself and
the testing laboratory. The game is written with
an element of wry humour, intriguing responses
to encourage the student to explore in a virtual
world with the backing of factual information
and realistic commercial constraints.

Brief
Based in the office (Fig. 3), the investigator uses

the various artefacts provided to elicit the details of
the brief from a client. As information is captured it
will usually be forwarded by fax or letter to the
office and can then be examined and filed in a pro-
ject folder.

The student is required to assemble project
details and to determine the location of the site.
After agreeing suitable contract documents with
the client, the student tenders for the site investi-
gation contract. The success at this stage deter-
mines how much money is available for the fol-
lowing stages.

Desk study
The investigator then starts the desk study by

telephone and by travelling from the office to a
collection of UK locations (Fig. 4), only some of
which are able to provide useful information. The
costs of telephone calls and travel are debited
against the investigator’s notional account. The
student will normally find that desk study is
extremely cost-effective.

Ground investigation
The terms ‘ground investigation’ and ‘site investi-

gation’ are often used interchangeably. The authors
have gone to some length to demonstrate the dif-
ference. At any stage after starting the desk study
the investigator can telephone the ground investiga-
tion driller to initiate the ground investigation.
Tutors are urged to advise students of the need to
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plan the ground investigation phase carefully
against a background of the desk study information
available. As in practice, there will inevitably be a
powerful draw towards moving to site and con-
structing exploratory holes. Site and subsequent
laboratory testing tends to be relatively expensive
and an unplanned investigation regime will result in
the limited funding being squandered.

Exploratory holes. Once on site (Fig. 5) the inves-
tigator is faced with the normal decisions con-
cerning excavation, sampling and in situ testing.
Some elementary rules about permitted excava-
tion depths and permitted use of tools and sam-
plers in various strata are implemented. Samples
and in situ test results are forwarded to the stu-
dents’ job files. Eventually, the student will return
to the office and contact the testing laboratory.

Laboratory testing. On entering the laboratory
(Fig. 6) the user will see that the samples taken
from the site have been forwarded and that a
standard set of laboratory equipment is available
for use. The student is required to drop samples
on to test equipment. Once again, a set of rules
are employed to prevent nonsensical combina-
tions of sample and test. Test results are forward-
ed to the students’ work file.

Reporting
When the investigator has completed the brief-

ing phase of the game an outline report will be
delivered to the investigator’s work file. This
report outline is selected by the course tutor and
may range from an exercise in ‘filling in the
blanks’ in a factual report to filling in a complete
interpretative report around a table of contents. 

Evaluation
The software described is written for the

Microsoft Windows environment and is currently
under evaluation in a number of UK universities on
courses ranging from first degrees in construction
management to MSc-level geotechnical engineer-
ing. As a game it must compete for affection with a
wide range of products to which students may have
been exposed. Feedback has been encouraging.
The authors have found that the most obvious sign
of success is in an unusually high enthusiasm
among students for the subject . This is expressed,
most noticeably, in a change in the vocabulary of
students when addressing site investigation.

Conclusions
If site investigation practice in the UK is to

improve, undergraduate education over a range of
construction-related disciplines must be the
engine. Leaving the task to the whim of profes-
sional training has not produced results. The
gradual introduction of this CAL in higher educa-
tion may be one solution.  

However, to move the material into undergradu-

Fig. 4. Collecting desk
study material 
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ate syllabuses the problem of overfull course con-
tents must be addressed. Simulation software
gives tutors the means of delivering high quality
education in the subject without reinvesting in
course building. Allowing material to be taught at
a range of levels of sophistication will, hopefully,

permit the material to be delivered across a range
of disciplines.

In using a simulation package students are
offered the opportunity to make their mistakes in
private. Hopefully, in time, their successes will be
in public.
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