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Integration ofthe
capture, storage and
presentation ofsite
investigation data by
microcomputer by the
London Docklands
Development
Corporation
By A F Howland, MSc, DIC, CEng, FIMM,
MIGeol,FGS

Introduction
Vast amounts of money can be spent on
borehole investigations for civil
engineeringprojects. HoweverI once the
data has been used for the project in hand
it is all too often disregarded in the
consideration of future schemes. This is
not always because ofany lack of
foresight by those involved but can be the
case because the time required to search
for any existing data is often not available.
It has been appreciated for a long time
that computers would provide a
worthwhile means of access to such
existing data and that their use could
provide significant cost benefits in the site
investigation process. Not only could
further work be more finely tuned against
an improved prior awareness ofprobable
site conditions, but even more exciting is
the potential for the immediate availability
oC the information.

Arguably it has always been possible to
carry out a preliminary assessment of
existing data based on traditional
archiving procedures. Yet such usable
archives rarely exist, Where they do the
staff commitment necessary to extract the
data and correlate the findings for a new
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project often makes the exercise difficult
and sometimes impossible to
contemplate. Microcomputers have given
the opportunity to use new technology to
provide not only the rapid retrieval of
large quantities ofstored data from
previous site investigations,in the manner
traditionallyurtderstood of the desk study,
but also to allow that datato beaccessed
by 'interactive interrogation'. This means
that the information can be retrieved in a
meaningful and useful form and not
merely as endless screeds oftabulated
nwnbers.

London Docklands Development
Corporation was setup in 1981 by the UK
Government to stimulate the regeneration
of2000ha ofderelict docks to the east of
the City ofLondon. LODC saw its role was
to foster private sector interest. Part of its
approachto this was to make
geotechnical data available for the area in
general and a large number of
development sites in particular. LODC has
also urtdertaken substantial arnourtts of
infrastructure works so that the sites were
serviced with communications and public
utilities. In order to accommodate the
information collected through its own
contracts during this process as well, as
that from reports submitted to the
corporation, it decided that a suitable
storage and retrieval system should be
devised which would need capacity for a
projected 10 000 borehole records and
associated laboratory test results.
Following a consideration of a number of
options it was decided that this should be
based on computer.

The Data
Information collected during ground
investigation fora civil engineering
project principally takes the form of
borehole records and associated
laboratory data, This is usually supported
by a report which describes the subsoil
profile, together with an interpretation
which assesses how the ground will
behave in relation tothe intended project.
The interpretation willusually include
various recommendations to ensure that
the response of the ground is acceptable
for the serviceability of the project.

Although of interest, this interpretation
tends to be specific in ifs consideration
having usually been commissioned for
particular purposes. It is therlore not
necessarily transferable to other projects,
even where these may be located on the

same site. However, this is not so of the
boreholes and laboratory data. These are
factual in character, forming merely a
record of the vertical variation of the
material types on the one hand and a
quantified assessment of their behavioural
characteristics using standardised
laboratory techniques on the other.

As the ground at anyone location will
rarely change with time without some
outside influence, the factual data can be
used for successive development
considerations. In addition, as the natural
materials are not controlled by artificial
site boundaries, with care, the data can be
used to extrapolate to other areas.

Methods ofdata storage
Traditionally site investigations for civil
engineering purposes are carried out
piecemeal, on a site by site basis by
different interested parties. It is only when
there isa concerted interest in a defined
area that it is possible to collect and store
the data in a way that could be used by
others withsome advantage. From a
practical point ofview there are a number
ofproblems associated with the physical
accumulation ofthe large volumes of
material that can be generated in anyone
area, let alone an effective cataloging of
that material and making it available for
reuse. To be of any value the information
must be seen as a resource by its keepers
and maintained ina form which is readily
available to other interested parties. Any
system of data storage which is intended
to achieve this should have a number of
fundamental attributes.

11 It must ensure ready access to the
contained infonnation.
11 It should be capable ofrevision on a
regular basis.
Im In order to ensure that it does not
become obsolete it should not be labour
intensive in its structure or operation.

The storage of this type ofinformation can
be undertaken in a number ofways,each
with its own advantages and
disadvantages. These are:
III Traditional paper library.
11 Microfilm/microfiche.
11 Computer.

In the choice ofmethod it is necessary to
balance any advantages against the
practicalities of later retrieval of the stored
data. This will need to take into account
the regularity of any enquiry and the form
of that enquiry bearing in mind the amount
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capture of data, especially that existing in
paper formats, is often grossly
underestimated. At the very least the data
may need to be retyped completely and
!he input lhen checked back againsl!he
original record. Secondly, any system, no
matter how sophisticated, is of little value
until it contains sufficient data to be ofuse
to an enquirer.

Nonetheless, the development of a usable
system requires careful consideration of
the mechanics of its intended purpose.
From that the appropriate development
software and hardware can be
determined. Only lhen can the application
software, wi!h which !he user will
interface, be written.

The systematic storage and retrieval of
borehole data has been attempted at
various times using a variety of
approaches (see for example Dearman
andStrachan 19831, Harvey 1973', Lawson
elalI975',McMiIlanetalI984' Wood elal

5 '
1982). The best known was perhaps !he
work by !he UK Construction Industry
Research & lnIormationAssociation
which undertook a feasibility study of !he
formation of a national registry of ground
investigation reports (Tuckwell and
Sadgrove 1971'). Il considered !he
development ofa data store of civil
engineering site investigation records
with the view to make that information
more readily available to other interested
parties. In fact, !he study concluded lhat
microfilming would be a belter and more
appropriate method for storage than
computers. The actual storage and
retrieval ofmicrofIlmed information
would then have been carried out by
manual filing.

In support of these conclusions the study
expressed concern that the extraction of
data from the source reports for computer
storage would 'require judgement,
introduce scope for errors and be too
costly'.

In view of!he similarity if the aims oflhe
LDDC and CIRIA studies those
conclusions need to be reviewed in the
light of the advances in computer
technology- which show CIRIA's
misgivings to have become unnecessary.
Use ofmicrocomputers to produce
conventional borehole records has found
to be both practical and 10 have significanl
advantages in time and efficiency
(Chaplow 1986', Finn and Eldred 1987',
Howland 1986', Howland and Podolski
198510). However, lhis general approach 31
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Fig. I. The typicalstyle andfonnat of
geotecluUcalborehole records and
laboratory test results showing the
strong emphasis ofthe data to be
referenced to depth.

suited to the character ofthe geotechnical
data contained in site investigation
reports.

Geotechnical data and its
suitability for computer
storage

Geotechnical data from borehole records
and laboratory test results provides the
variation of a numberof discrete
parameters each referenced to depth. It is
therefore of a form which is very suitable
to simple tabulation (Fig. I). This is !he
intrinsic format used by computer
databases for the storage of information.
Their use as the core of a storage and
retrieval system allowsthe contained data
to be interrogated and manipulated by
any number ofoutput programs. One
particular advantage is that such
programs are separate from the database
and can therefore be developed in time in
line with the later perceived needs of the
user. In this way the fundamental
geotechnical data can be stored from very
early on in the concept of the system.

This ability to begin 10 store data from the
outset is most important for two reasons.
Firstly, the time and cost involved inthe

of data lhat mighl be involved. Most
importantly it must give due consideration
to the resources available to set up and
maintain the system.

Although the LDDC is commilted louse of
computers for its office administration
each of the available options for a
geotechnical data storage system were
considered in the study.

Traditional forrnsof paper archive were
felt to be !he most widely used and
understood system ofstorage. However,
there were two points of doubt about the
long term viability of a conventional
library. Firstly !he amounl of space
required could not be guaranleed.
Secondly there was also the need to
provide a librarian to control and index
the material uit was to remain usable and
intact.

Microfilm or microfiche systems have the
advantage that little space is needed.
Also, multiple copies of the data are
readily available. This means that lost
material can be replaced. It was also
concluded!hat, unlike at a public library,
the enquirers were not expected to be
casual browsers but would be driven by
some specific interest. At times many
parties were expected to be interested in
the same data, as occurs when a contract
is out for tender. Microfihn or microfiche
techniques are suitable because ofthe
ability 10 make multiple copies 10 satisfy
such a demand. However, the systems are
restricted to the direct reproduction ofthe
original formal and offer no ability for
selective retrieval of the data other than at
a very simple level. Users of site
investigation data continually refer to and
cross reference the information contained
on more than one page. This cannot be
carried out with microfihn or microfiche
without the need to make intermediate
paper copies. In addition, as they provide
no more than a condensed form ofthe
traditional library, they do not eliminate
the need for a librarian and an efficient
index. Indeed, without the provision of a
librarian'and index the casual enquirer
would very likely end up ignoranl of the
presence of the information contained in
the system.

A computer was concluded to offer the
ability to store large quantities of data in
small spaces with the added advantage of
selective access. Small desk top machines
with large internal memories are able to
handle very complex and involved
storage/retrieval systems and are highly
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Fig. 2. The fozm ofthe 'data
transference sheet'usedfor rapid
keyboani entryofgeoteclurical
information.

system. This was seen as a benefit for a
number ofreasons. It isolated the large
storage commitment for the data and
therefore any likely interference with
demands on space from other users. It
also allowed a number ofspecific
peripherals to be support,d by the
machine for the output of the data in the
manner proposed

Data Capture
Once the system had been developed it
was necessary to capture the backlog of
data that was at the time onlyin paper
records. Its usefulness relied upon the
presence ofsufficient data.

Because LDDC had always planned to
have a computer storage system it had
insisted that infonnation from its own term
contract for site investigation was
supplied in a form which would allow easy
input by a keyboard operator (Fig, 2).
This was necessary to reduce the data into
a single tabulated format which the
keyboard operator did not have to
understand. Traditional format with its
added complications ofvariations in
layout and style would have required
interpretation. The structure and layout of
this tabulated sheet, which was termed a
'data transference sheet' was determined
by the LODC. It enabled approximately
2000 borehole records and their
associated laboratory test results to be
loaded onto the database using the
services ofa commercial computer
punching bureau with greater ease and
speed than would have been involved
with direct online entry methods.

Once the database had been established it
was possible to change the method of data
entry. Under the tenns ofthe more recent
annualcontraets for site investigation the
contractoris required to supply the
borehole and laboratory test information
not only in traditional paper forms but also
on microcomputer floppy disk. Software
for this is supplied by the LDDC. The
program offers the contractor a series of
screens which prompt for the input of the
various categories of data. This is then
loaded automatically onto the database
via a series of controlled validation checks
with no additional keying by LDDC staff.
Maintenance of the database is thereby
ensured with minimal effort by LDDC

Additional data from outside sources is
keyed in. To avoid the problems of
transcription errors the data is keyed
directly to a transfer fIle through a series

in part prompted manyofthe early
computer systems to adopt mnemonics
and abbreviations. It is therefore most
important that for practical purposes the
system should operate with various length
fields so that only those which actually
contain data are stored.

IlIlIIfthe systemis to have a long term value
it must be capable of accepting new data
which may become relevant or useful at
some future date. In order to achieve this,
new data fields must be capable ofbeing
added without restructuring the entire
database or affecting the accessibility of
the existing entries within it. For example
ifit becomes useful to include a new test
after the database has been in operation
for a while this should be possible without
affecting the integrity of the previous
stored data.

11 In order to allow the later development
of enquiry or presentation software the
database should be capable of generating
datafiles in a suitable form which can be
read by other computer languages. For
this reason there needs tobe no required
generic relationship between the
principal database and the enquiry or
presentation programs.

~~....-:: ~ ,
....~ "..,-~-

A computer based geotechnical data
system could be developed equally well
on a mainframe,a minicomputer or a
microcomputer. For the LDDe it was
decided that certain operating
advantages would exist if it was
developed to run on an industry standard
microcomputer. For example a stand
alone system would provide a degree of
autonomy from the existing centralised

The system

can be extended. By keying the raw data
directly to a database the production of a
borehole record merely becomes one of
the possible report options that can be
generated from that database (Howland
and Podolski 198711

). This means that the
same keyboard operation can be used to
provide not only the borehole record, as
traditionally understood, but also the data
input to the geotechnical database. This
therefore eliminates, completely I any
possible concern over the perceived
need for later judgment or oferrors that
might arise during subsequent
transcription ofthedata.

Software

Computer database systems have
significant operating advantages where
substantial amounts ofinformation need to
be collected and processed quickly. A
number ofcommercially available
database utilities could be used as the
development software. To be successful
its attributes must be matched to the
requirements ofthe application. The
following points are considered to be
necessary for the handling of
geotechnical data:

l1li There must be no practical limit to the
number of individual records that can be
stored unless the extent ofthose limits is
clearly understood and the implications of
meeting those limitations prematurely
have been fully evaluated and
appreciated.

Geotechnical information consists of any
number ofpossible data fields at any
given depth where each field will hold a
given parameter, such as moisture
content, 8FT value etc. lfthe fields at each
possibledepth are considered as a large
matrix it is clear that very few positions
will actually contain data. With many
conventional database structures this
would cause a large amount ofredundant
storage commitment since the empty
fields would also have disk space
allocated to them. Not only that but the
field space must be sufficient for the
maximum amount ofpossible data to be
stored. This may not seem too restrictive
for the moisture content field which
perhaps requires only six character
spaces, but the overhead becomes more
limitingiftext, such as strata description,
is to be stored. It was this limitation which
GROUND ENGINEERING . APRil . 1989
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Fig. 3. Typical data entlyscreens for
the online entlyofinformation from
individualsite investigation reports.
These are laid outspeciJically to imitate
the tables in each report. The masks are
selected from a simple menubythe
keyboard operator.

Enquiries

An overriding requirement of the system
is the simplicity of its operation by the
user. In order to be useful to as wide a
range as possible it was necessary to
build a system that could be operated by
casual enquirers with minimal instruction.
GROUND ENGINEERING· APRil 1989

Benefits
It is often difficult to quantify the benefits
ofsoftware, but now that the system has
been in virtual continuous use for over two
years gives some testimony to its value. It
has satifsfied external enquiries at a rate of
about two perweek dwing that time. As
many ofthese are made by telephone; a
procedure has been developed Where the
enquirer provides the grid reference for
the area ofinterest and can be told almost
immediately whether, and how much,
information is aval1able. He then has the
option ofvisiting the LDDG offices to make
further enquiries of the system or have the
data sent by post. Some enquirers have
become quite adept at interrogating the
system while others prefer to use it to
collate all the avallable data.

The system is also used extensively as an
in house tool. This currently provides
probably the most taxing demands on its
capabilities. During a number ofrecent
potential Clause 12 claim it was able to
provide a rapid identification of the data
wiUtin the problem area which was then
available at the initial meetings to review
possible modifications to the works. It was
also possible to check other areas of the
contract for similar ground conditions.
One ofthese occasions in particular
required extensive further site
investigation. Because the system was
able to accommodate additional data
items that had not originally been
expected, the very detailed aspects ofthis
investigation were rapidly processed.
This allowed comparisons both with the
data originally contained in the system as
well as that established within the specific
investigation and proved invaluable
during the ensuing discussions.
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Fig. 5.11 number ofplotscan be selected
from amenu to give a varietyofdata
plotted at a numberofscales. Once the
selection ismade the program will
prompt for the necessaryinformation to
begin the plot.

or passed as standardised files to other
programmes and utilities for display or
use.
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Fig. 4. The information from the
database can be tabulated in a variety
offonnats. This example gives the
borehole details anda summary ofthe
laboratory test results.

Probably the most important attribute of
the data is a grid reference which
uniquely identifies its geographical
position. Most enquirers will wish to
access the data by dermed geographical
areas to establish whether previous
investigations have been carried out. The
infonnation extracted from the database
can be tabulated ina variety of formats
(Fig. 4) and for this reason a number of
'itandard print and enquiry options are
avallable which canbe chosen through
menuselection procedures. However, the
data can often be of more immediate use if
the relevent items are plotted and
displayed as graphical output. Therefore
further menu options are available which
can be used separately, or in conjunction
with the print facility, in order to select the
scale, then area and plot the spatial
distribution of a variety ofparameters
(Fig. 5).

In addition the database also incorporates
a powerful dictionary driven report
generator anddataretrieval command
language. By defining simple English
commands the more experienced user is
able to list data and information in any
format required. This offers a further level
ofinteraction with the machine allowing a
far greater selection of the data to be
retrieved. This canbe processed further
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ofscreen masks which are designed
specifically for each report. In this way the
various tables and formats are duplicated
on the screen and the keyboard operator
can enter directly from the report (Fig. 3).
The need for any technical Wlderstanding
is again eliminated. The file is then
processed to merge t.he data and
complete fIle validated and corrected as
necessary before entry to the database.

Graphical information can also be entered
directly into the system using a digitizing
tablet. This procedure allows soil grading
details to be abstracted directly from the
grading sheets supplied with the reports.
The percentage passing any required
sieve size is determined by simply
digitizinglhe curve at points representing
the sieve sizes. From this the grading
characteristics such as 0 10 or D50 can be
interpolated by the computer. These can
be listed as required orthe complete
grading curve can bereplotted singly or
in combination. Other suitable data can be
similarly plotted, for example grid
references can be rapidly lifted from
scaled drawings.
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Although the system does not purport to
eliminate the need for a conventional site
investigation it has been found that the
ability-to have immediate access to soil
information has become a valuable
additional tool for the process of
redevelopment. Reliable information is
readily available at the first stages of
consideration. This benefits the planners,
architects and engineers alike. While
beyond this the ability to process and
manipulate the data very rapidly has
significant advantages in the detailed
consideration in large scale projects
currently being undertaken in the
Docklands area and which have a
significant interaction with ground
conditions.
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