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Executive summary

DIGGS (Data Interchange for Geotechnical and Geoenvironmental Specialists) is an international standardised
format for the electronic transfer of geotechnical amsenvironmental data that can bsed at all stages of a
project, and by all parties involved in a project. The DIGGS Fornaasddtware neutrahoncommercial open

standard

Currently, data can be transferred betwdsenvariougarties to a project in many different formats,nfrpaper

reports to electronic documents, spreadsheets etc. This data transfer works, and projects do get completed, but
the use of DIGGS will offer significant improvements in the project workflow, which it has been demonstrated

will result in improvedefficiency, improved data qualityand henceost savings for all partieThe particular
advantages of DIGGS are

Electronic data is more efficient than paperbased reports. The turn around time from receipt of
data to required output can be considerably educed

Data transfer is faster and more efficient, and can be undertaken in close to reiime in some
situations (eg. for automatically collected monitoring or pile installation results)

Data validation is carried out using a set of rules that is the saenfor all parties in the data
exchange. There can be no interpretation of the rules; therefore mistakes are much reduced

Electronic data has only to be entered once, and can thée used many times. For a project with
many diverse parties involved, thisal | ows a 6single version of t
confusion and potential mistakes or conflicts

The DIGGS methodology for handling the referencing of samples taken for laboratory testing
reflects the diverse working practices of the parties involet in a project. This flexibility is
essential for the complete and accurate handling of test results

Revision handling is much improved and provides an auditable quality assurance record
Data archiving on completion of a project is more efficient

Electronic data, particularly DIGGS Format data, which is geographically located, lends itself
well to direct use in CAD and GIS packages

The initial version of DIGGS covers all of the data needed to reproduce a factual geotechnical ground
investigation report sicas the borehole logs, the insitu testing results, the geotechnical laboratory test data and
some types of insitu geophysical tests. It also includes monitoring data from insitu geotechnical instruments and
other types of field measuring devices, and glestonstruction and test data for piled foundatiding DIGGS

Format is fully extensibland future versions will cover other areas of geotechnical and geoenvironmental data,
for example geoenvironmental chemical test reporting is currently in developmen

This document provides a user's introduction to DIGGS. It describes the data that DIGGS transfers, and some of
the concepts that the users will need to be aware of when issuing or receiving data in DIGGS Format. The details
of the format and how it igsictured are contained in a separate Technical Guide to DIGGS, but most users will
not need to know about these technical details as their application software will provide DIGGS import and
export functions.
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Introduction

Data Interchange for Geotechnical and Geoenvironmental Specialists (DIGGS) is a standardised, international
format for the electronic exchange of geotechnical and geoenvironmental data. DIGGS can be used for
exchange of da between all parties involved in a project, and at any stage of a project. DIGGS is a data
transfer format, it is not software and it is not a database structure. It is therefore software neutral and is entirely
nonproprietary. There are several keasons why the use of DIGGS can bring both cost and time efficiencies

to a project:

DIGGS is an electronic data transfer format (utilising XML: Extensible Mark-up Language),
giving considerable advantages over papdrased information transfer,

Being an eéctronic method of data transfer, it is fast and efficient, allowing movement of
information from one party to another in close to real time in some situations,

DIGGS data only needs to be entered once, and can then be used many times. Once information
isconverted into DI GGS, it acts abgiltversiod kandiingl e ver s
reducing potential confusion which may come about from different versions of a data source

being in existence,

DIGGS data is validated using a set of rules #i is not open to any interpretation, and is the same
for all parties, therefore mistakes in the data format are avoided,

Project specific extensions to DIGGS are handled in a rigorous and controlled manner, ensuring
that confusion over such extensions wiin a project team are avoided.

This introductory document sets out to explain DIGGS in-teghnical terminology, and provides guidance in

the use of DIGGS through consideration of neafld examples. A glossary of technical terms is given in
section 10. Those wishing to develop DIGGS compatible software can find full technical details in the
Technical Guide to DIGGS. A full description of each data object discussed in this document can be found in the
DIGGS Data Dictionary dcument and Data Dictionary spreadsheet.

This document illustrates the relationships between the data objects using simplified diagrams that are easy for
an end user to understand. Anyone wishing to implement DIGGS in an application is advised tGclsnthe
files and data dictionary to fully understand the correct nesting before proceeding.

This document has been compiled for the first public review release of DIGGS and will be updated and
expanded with each release. To be kept up to date with #st larsion please register for a free account at
www.diggsml.comand you will receive email announcements as the review period progresses.



http://www.diggsml.com/

1 The DIGGS project

1.1 Scope of DIGGS

DIGGS encompasses the transfer of eledtratata relating broadly to the fields of geotechnical and
geoenvironmental engineering. The scope of DIGGS is likely to expand in the future, but for this release the
primary areas of coverage include:

Geotechnical engineering, incorporating both soil ath rock mechanics,
Engineering geology,

Geoenvironmental engineering,

Geotechnical and geoenvironmental monitoring,

Piling,

Borehole geophysics

Importantly, it should be understood that DIGGS is a format for the transfesuwlts, it is not intended to
facilitate the transfer of what could be termedas data. By way of example, for a moisture content test on a

soil sample, DIGGS facilitates the transfer of information such as the calculated moisture content value, it does
not allow for the transfer ofe information required to derive the value (e.g. the weight of the sample, weight of
sample tins etc).

It should also be noted that DIGGS is not a software product. It is a data transfer format that will be able to be
used by various software productshieh is likely to include standlone desktop applications and also web
based applications.

It should also be noted that DIGGS is not a database standard or structure. Whilst DIGGS does contain some
structure in terms of the relationships between dathwighin a particular file, it cannot be used as a database in

its own right. Users of DIGGS wilbe able to design databases to utilise the data transfer format with
functionality specific to their particular requirements.

1.2 Project team

DIGGSis beingdevdoped through the Transportation Pooled Fund Study (TPF 5(111)) coordinated by the Ohio
Department of Transportation (ODOT)Yhe focus of the TPF project is to compile the standards development

work of the AGS, COSMOS, the University of Florida, and athercreate a new international data exchange
format . The project, ADevel opment of St anrbd(alrldls) ,foor
was approved and funded in the Summer of 2005 at a funding level of approximately $700k over thtee years
develop the first release of DIGGS. The study will also fund extensions to this effort in order to include
additional types of data.

The pooled fund study is managed through a three tiered committee structure.

The Geotechnical Management System Gup (GMS Group) composed of representatives from
12 US State Departments of Transportation (DOT), FHWAFederal Lands, UK Highways
Agency, USEPA, USACOE and the USGS has been formed to govern the initial development of
the standards for geotechnical data athto coordinate all final decisions.




Oversight of development is provided by theGeotechnical Data Coalition (GDC) with
representation from UF, AGS, COSMOS, CIRIA, FHWA and ODOT. The GDC acts as an
executive committee for the development.

The detailed development effort of this first phase is a collaborative effort of the geotechnical
Special Interest Group (SIG)consisting of the University of Florida, AGS, COSMOS, USGS and
CIRIA, with input from other specialists.

Additional SIGs will be created irorder to develop the extensions to DIGGS covering other types of
geotechnical and geoenvironmental data. A geoenvironmental SIG has been formed, and others are in the early
stages of planning.

A full list of contributors to the DIGGS project can be found\ppendix A

1.3 Promoters and supporters

DIGGS is promoted by:
The United States Federal Highways Administration
The United Kingdom Highways Agency
Twelve US Departments of Transport
The United States Geological Survey
The United States Army Corps of Enginess
The United States Environmental Protection Agency
CIRIA (the UK Construction Industry Research and Information Association)
AGS (the UK Association of Geotechnical and Geoenvironmental Specialists)
COSMOS (Consortium of Organizations for StrongMotion Observation Systems)

The University of Florida

In addition, DIGGS is supported by:
The International Society for Rock Mechanics
The International Association for Engineering Geology and th&nvironment
The International Society for Soil Mechanics and Foundtion Engineering

The TransXML project sponsored by the US National Cooperative Highway Research Program
(NCHRP) and supported by the American Association of State and Highway Transportation
Officials (AASHTO)
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Local Implementation Groups (LIGS)

DIGGS has ben set up so that it can be customised to include unique local requirements or remove
parts of the schema for use within a country. When DI@&Gigplemented within a country there

may also be a need to define new code lists and rules on how the teke isontractual transferred
among other things. These issues are the responsibility of local representatives and DIGGS
encourages the setting up obdal Implementation Groups (L)Gsuch as the AGS in the UK to
specify and define the methods of us®tGGS.

Local Implementation Groups do not have to be for an entire county and may only focus on a small
group of userse.g.the USA EPA regions may decide to form a SIG to control the specification and
use of the format on superfund sites.

If you are inteested in setting up a LIG please contact DIGGS via the websitenatdiggsml.org
and you will be sent more information on how to proceed.

Special Interest Groups

After reviewing DIGGS you may find that its framewocan be easily adopted to work with data
from a specialist area that is halready included For example maybe you need to transfer
information on Earthwork condition and can see that by adding a few additional objects in the DIGGS
library you could acemplish your goal without having to redo all the work the DIGGS team have
already completed.

DIGGS encourages organisations to use the framework to include their own data and will assist you in
this process by helping you set up a Special Interest G®Ig). This will not only give you access

to support from the core group but will give you an opportunity to steer future versions of DIGGS and
hopefully have your work included in the next official release.

If you are interested in setting up a SI@gde contact DIGGS via the websitenatw.diggsml.org
and you will be sent more information on how to proceed.
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2 Usage of DIGGS

2.1 DIGGS in the project supply chain

Within any project comprising a series of project phadats is transferred between a series of different parties.

Figure2-1 outlines a typical supply chain layout for a geotechnical project.

CIRIA CON 125 Research Project:
A Review of Electronic File Formats for the Exchange of Geotechnical Information in Transportation Schemes

The Geotechnical Supply Chain

Available Data Stancardised
Project Stages Data types Data Transfer
Transfer Formats Formats
— Preliminary sources study data Documents: Word, PDF ete
Conceptualfeasibility Ly, Aerial photographs Proprietary images form ats
studies Topographic surveys > Drawings: DWG, DGN, DXF ate
Digital ferrain models/LIDAR etc Proprietary DTM formats: LAS, MX etc
1 Intrusive geotechnical AGS data
\nvesllgatiuns I é’::;hhey;;iall . Various geophysg;i@!rl;a:::elfurmak. LAS, . ::5‘3
Monitoring eto Geochemical transfer formats: EQUIS eto
Stiategic v Ground model o DWG, DG N, DXF
(Preventative/ i o round mo e|s rawings: 5 .
i Design > esign parameters > ete
improvement) Design details based Spreadsheets: Excel etc
or on the above Documents: Word, PDF ete
Tactical:
(Remediation)
o Mainworks contractor: Specialist sub- contractor
- Compliance festing data Tunnelling, piling, Crawings: D?{S' DGN. DXF
Construction Construction — dewatering, -> Spreadsheety: Excel efc
record/drawings strengthening, ground b ts: Word, PDF et
Feadback reports impravement racords ete Jeumenty Ol L
: Managing Agents & specialist sunsey
Mai contractors Drawings: DWG, DGN, DXF etc
aintenance > Geotechnical asset conditionfinwentony Spreadsheets: Excel eto
Managemenl data E Documents: Word, PDF ete
Related assets: drainage, structure, Databases: MDB, DBF etc
pavement etc
v

Decommissioning

Figure 2-1 Typical geotechnical supply chain (CIRIA, 2006)

Where current formats exist, they tend to concentrate on the transfer of information from the ground

investigation phase to the design phase. This first issue of DIGGS also concentrates on this phase, it also
incorporates some facilisefor later project phases, namely for construction (through the facilities for piling

data) and monitoring.

In this release, DIGGS is aimed at the following pteatiers:

those carrying out or using geotechnical ground investigation data

those using geagvironmental data
those commissioning, designing or carrying out piling works

those using dynamic soil parameters derived from geophysical investigations

Future devel opments of DI GGS will be ai me djhoatthe a

project supply chain:

those involved with geotechnical asset management

those concerned with geological, geotechnical and geoenvironmental hazard assessment and risk

management

those concerned with any form of soil or rock engineering
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2.2 Obtaining DIGGS data

Data in the DIGGS For mat wi || start to become avai
become available. The key driver to this development will be fortaniting procurers of geotechnical and
geoenvironmental servicesexifying and requesting DIGGS Format data from those in their supply chain. By
building in the requirements for DIGGS Format data into specifications and requirements for future works, it
will become available to you.

2.3 Using DIGGS data

2.3.1 How can DIGGS be used?

There are several ways in which DIGGS may typically be used:

Within geotechnical and geoenvironmental data management software packages, such as gINT,
HoleBASE and EQuIS,

As part of an online software system that allows data to be accessed over a nel@uch as the
internet). Such a system is known as a web service, and can be used as a means of allowing
interoperability between remote systems.

Such a web service, using DIGGS data, lends itself ideally to internbased collaboration
projects, such & the COSMOS Virtual Data Centre, the Florida DoT piling archive, or
commercial internet applications such as geotechnicalpoint.com (an online means of sharing
ground investigation data) and monitoringpoint.com (for sharing monitoring data)

2.3.2 What training is required to make use of DIGGS?

DIGGS is a data exchange format, and as such it is not a requirement that the technical details of the format itself
are understood by the end users of the data. Production, receipt and interpretation of DIGGS Fantabdata

easily useable form is the job of DIGGS compatible software. Therefore, if good quality DIGGS compatible
software is used, you and your staff will only require the training and experience that is needed for any piece of
software that you might useOnce confidence in the use of the available tools is achieved, the use of DIGGS
Format data will be an integral part of your e¢ayday work. And because the possibility of errors in the data is
vastly reduced by the use of an XML format, staff wilt mequire the sort of hdepth training and experience

which is sometimes required for currently used data transfer formats.

2.3.3 How does DIGGS fit with existing data transfer formats?

DIGGS Format has full backward compatibility with the UK AGS Data TranBtemat (version 3.])the
COSMOS Geotechnical and Geophysical Data Transfer Format and the Florida DOT Piling Data Transfer
Format Future development of DIGGS will see it integrated with the TransXML Exchange Format for
Transportation Data. DIGGS alsoakes use of the geophysical data format and a comprehensive library of
definitions of units from the WITSML format, developed by the Petrotechnical Open Standards Consortium
(POSC).

11



234 What are the legal implications of using DIGGS in the project environment?

Specifiers of projects which make use of DIE&GS Formatshould ensure that the legal and contractual status

of the data being transferred is clearly defined. It is envisaged that many client bodies will choose to make the
electronicDIGGS Formatdatathe definitive deliverable for their projects, and may further choose to make the
data one of the key measurement tools for payment.

2.3.5 Can DIGGS be used to design a database?

A key concept is that DIGGS is a transfer standard and not a database standadifferemee is crucial. A

working database needs to be designed to best meet the needs of the users. A general purpose interchange
standard will rarely, if ever, meet the usage requirements of any specific user group. Databases can contain
custom functionsind business rules that may be important for the operation of a specific project or organisation,
but are not relevant in a transfer standard. Using an interchange structure as a working database can lead to
awkward data entry procedures, difficulty intalavalidation, reduced querying capabilities, and loss of
information.

The following are some specific considerations to avoid the use of an interchange structure as a working
database.

Database vs. Transfer Standard

Consideration Example

Databases wiljenerally Laboratory work requires recording of many measurements and readings
contain more data than is which are not included in general data interchange formats.
desired to be transferred to
other groups.

The interchange format DIGGS handles monitoring data suchr@adingsrom piezometers,
structure can lead to &ward | inclinometers, settlement plates in a generic way. The structures are gen
and confusing data entry enough to handle a very wide range of such data so that if a neaftype
structures. monitoring is encountered all that is required is the addition of a new type

the code list. No change to the format definition would be required. In a
working database, this structure is so generic so as to be confusing to th
entry personnel. Anuch better approach for a working database is to crea
separate table groups for the recording of each of the different monitorin
tests.

The above is not to say that one can design a working database with no regard to interchange standards.
However, compliance with an interchange standard is just one more design consideration for the working
database. As long as the data can be mapped to and from the interchange standard, the working database can take
on the structure that best meets the needs oféss.

12



2.3.6 What data does DIGGS transfer?

DIGGS is intended to provide a standard means of transmitting most of the data currently presented in paper
reports on forms such as borehole logs, trial pit records, in situ test data and laboratory test surienbrées, p

tests and construction details, and summaries of borehole geophysics tests. The intent of DIGGS is to capture the
commonly reported information that is most often required in project reporting, it is not intended to transfer all
the data that mayave been collected.

In the DIGGS view there are 5 types of data associated with field and laboratory tests:
1. Metadata about the td#tcludes the testing stdard usep
2. Base testing data and parameters derived from the test
3. Raw daafrom the test from Wich the base data and parameters can be derived
4. Calibration data needed to derive the base data and parameters from the raw data and instrument
readings
5. Associated data (such as sample photographs or site plans)

The DIGGS format is principally intended t@nsfer data types 1 and 2 above, however facilities are provided
to transfer all of the other data as Associated Files.

The following examples for consolidation, triaxial and in situ vane tests illustrate the difference between raw test
data which is notransferred by DIGGS and the resultant base test data which is transferred.

A & Transferred Results:

Void Ratio at each Stress
Compression Index
Recompression Index

Raw data - Deflection vs. Time / Maximum Past Pressure
Transferred Result: C,
Total compression at /

each stress reported

Time

Log o

Figure 2-2 Consolidation Test Data Example

13
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Transferred Data

Figure 2-3 Triaxial Test Data Example
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Raw dat a
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Result=g, 5

Transferred Data

Figure 2-4 Vane Test Data Example
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3 The basics of DIGGS

This section sets out to explain the basic components of the DIGGS data transfer format. It deliberately sets out
to be nortechnical. The irdepth technical aspects of DIGGS can be investigated further in the associated
technical guidnce documentation.

3.1 Introduction to data structure diagrams and terminology

It is important to understand the terminology and graphical representations used within this document before
reading chapter$ - 7.

All parameterglescribinga single process ghysical itemare groupedogether into antem called arobject.
For exampleto describe a layer dfackfill you need three parameters; these are grouped together into a backfill
objectwithin DIGGS

Eackfill
Top of Backfill
Base of Backfil
Materizl Used

Figure 3-1 Properties of the Backfill object

A Collection (bjectis used to keep all the objects together within the parent olffeitection objects siabove

the single itemobjectsand usually have the plural name of the objects they contains. In our example the
collection object would bealledbacKills. This relationship is shown graphically within this document using
the methodn Figure3-2. To enhance the clarity of the diagrams all the parameters shown in Bifjuaee not
repeated in Figurg-2.

Backfills

backfill
backfill

Figure 3-2 Nesting of objects as a collection

3.2 Data structure

3.21 Data Hierarchy

DIGGS conforms to a broadly hierarchical structpaat of which is simplifiedn Figure3-3.

15



Project

—| lecations

insituTesting

StandandPanatra BanT 2s1

-I Foundation Group |

Loadings

laboratory Testing

Muaistur=C ontant |

AtterbergLimits |

Figure 3-3 Hierarchical structure of DIGGS

Using this hierarchical structure, a Project can cordata [elonging to any or all of the disciplines handled by
DIGGS. Within the geotechnical sections, a project can coatgimumber of Holes, from which any number

of insitu testes can be taketc. This hierarchy is based on the #watld structure of theata collected in the

field or from laboratory testing. Moreover, the hierarchy is embedded into the format of the data, which greatly
improves data accuracy and validity. Further details of the structure of DIGGS are discussed below.

3.2.2 Data Format

DIGGS isan XML (eXtensible Markup Language) compatible format. XML is specifically designed to allow
the sharing of structured electronic data, and being extensible, it can be adapted to meet the needs of DIGGS.
There are several key reasons why XML was chmeDIGGS:

XML can be validated using a file called an XML Schema. This has considerable benefits for the
checking of DIGGS files,

The hierarchical structure of DIGGS, as described above, is embedded withthe XML file. This
ensures that the relationslips between segments of DIGGS data are always maintained (for
example, the descriptions of geological layers encountered within a hole will always remain
associated with that hole),

The methodology for creating user defined extensions to DIGGS is formalidehrough the use of
XML

XML allows linkage to pre-defined lists of useful information, such as unit®f measurement lists
of contamination determinants, geological strata codes etc

16



By using XML for DIGGS, it is capable d plugging into other XML data typ es

XML can be used to definedata which is optional, or mandatory, thereby forcing essential data to
be entered correctly

Whilst a detailed explanation of the XML structure of DIGGS is not appropriate for this document, it is worth
outlining the broad carept of how geotechnical and geoenvironmental data is described using XML.

Within DIGGS, the tiers of the hierarclwithin which the data is held are referred tocdgects (e.g. Project,

Hole and Layers).Objectsare broadly comparable witlaliles withina database. Withirachobject are the
placeholders for the data that describe the objects, which are knoproerties. Propertiesare broadly
comparable withiélds within a database table. For example, a boratiméet will include properties, sud as

borehole name, ground level etc. There are various ways in which objects and properties can be used to describe
data, which are explored in the next section.

Many elements of DIGGS data have a locatix, boreholes have coordinates and groundi¢essamples are

taken from a location in a borehole or trial pit etc. DIGGS makes use of an accepted methodology for the
description of locations: Geography Mark Language (GML). GML is an XML compatible language that can

be used to describe any kindl location within DIGGS, and being an international standard, it will enable
DIGGS data to be used with GML compatible applications. Further details of the use of GML in DIGGS are
given in the accompanying Technical Guide to DIGGS.

3.23 Samples and specimens

Within geotechnical and geoenvironmental engineering, the taking of samplekemsdibsequent testing in a
laboratory for the determinatiarf a wide range of characteristic propertissan essential part of most projects.
A large part of the dataah can be transferred by DIGGS relates to such samples.

Within DIGGS, there is ao distinctionbetweensamplesandspecimens Samples can be taken from physical
objects such as Hole, Pile, Installation and importantly, another sample (creating a sleb csasg@cimen
depending on your terminology)

Samples can also reference the process that created them, so if a sample is taken from a well installation during a
purging process the sample will reference the well installation as its source and thevpatgesehe process

that created it. In the same way, if a sample is created by performing a SPT test then the sample will reference
the Hole as its source and the SPT test as the process that created it. One final example of this important method
in DIGGS is a sample that is created as the result of a test. If a Sample is created via a compaction test for a
CBR subsequent test then that sample will reference the original test sample as its source and the compaction test
as the process that created it.

3.24 Paired objects

There are several types of geotechnical laboratory testing methods that can be considered to have two levels of
data relating to them, and as such within DIGGS utilise a data construct referred to as paired objects. By way of
example, consler triaxial testing of a soil sample. Typically, triaxial testing will be undertaken using a series of
test stages. The data associated with triaxial testing can therefore be considered to belong to two objects in the
DIGGS hierarchy:

17



A general object hat refers to the general details of the triaxial test being undertaken. This
object will include data properties such as the type of triaxial test (e.g. drained, undrained with
porewater pressure measurement, multstage etc.) and shear strength data dimed from the
entirety of the test stages (e.g. peak cohesion, angle of friction etc.). The general object sits below
the sample in the DIGGS hierarchy,

A series of detail objects that refer to the individual stages of the triaxial test carried out. This
object will include details such as the cell pressure of the individual test stage, the deviator stress
at failure etc. The detail objects sit below the general object in the DIGGS hierarchy, hence the
combination are referred to as paired objects.

A gereral object can include any number of pairddtail objects from one for a single stage test to as many as
are required to describe a midtage test. For a three stage drained triaxial test there would be one general
object and three detailed objeatsfailly report the test results.

3.25 Generic index testing results

Geotechnical testingften requires measurement of an index property, such as moisture content, as an integral
part of the testWhere suchindex testooccur within DIGGS, the same data counstris used to transfer the test

result data. As well as ensuring efficiency and consistency within the DIGGS format, this data construct is also
designed to allow the end use applications of DIGGS data to easily extract such data from the DIGGS file, for
example, to extract all of the natural moisture content data whether it was measured as part of triaxial, oedometer
or shear box tests. This generic approach to index tests is used in DIGGS for moisture content, density and
particle size, and there is acflity to indicate whether the moisture content or density are natural or not.

It is important to note that this generic data construct only applies when the test being carried out to determine a
material parametéds absolutely the same test. Whereedight types of test have been carried out to determine

the same parameter, different data constructs are utilised in DIG@Sexampleundrained shear strength can

be derived from a number of tests (aigiaxial test, shear box test, hand vane etct)ibunot reported within

DIGGS using the same construct, as the tests to determine the parameter are very different, and direct
comparison of results may not be applicable.

3.3 Links to lists and external data sources
Within geotechnical and geoenvironmentabimeering, there are many examplegypfes of data that can be
described by the use of lists of standardised and agreed codes, units, numbers etc. Typical examples would be:
Standard soail classification codes (such as the USCS system)
Codes to describeyeological strata (for example the lexicon of the British Geological Survey)

Codes to describe chemical determinants for geoenvironmental testing (for example the CAS
registry numbers)

Set lists of standard units of measurement(for example thelist provid ed by the Petroleum Open
Standards Consortium POSQ

Agreed descriptive codes for colours (such as the Munsell codes)

There are many other such examples.
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One of the advantages tife use of XML for DIGGS is that it can make reference to such standatitsed
(known as codelistswhich can be defined by the DIGGS format itself othdy are already defined elsewhere

in an XML format, can be utilised from other sources. Such links within the DIGGS format are enormously
powerful for several reasons:

Because the standardised lists can be held centrally, all data making reference to the lists have the
same reference, ensuring data accuracy and validity,

Because the lists are often maintained by others, they aperiodically updated, which cascades
down into DIGGS, which in turn will always be up-to-date

The powerful potential of external codelists can be shown with the following example. An organisation is
specifying several different site investigation contracts with different companies for a larg¢l@n the data

is submitted by each contractor the client will want to be able to put these datasets together with minimum effort.

If the client requires additional codelist items to be used or indeed wants to restrict the codelist options for the
contra¢ then they can create a codelist file for the project and hosither on the DIGGS domain
(www.diggsml.com/client/job/codelists.xjnbr even on their own domain. All contractors are rahle to

check the data that they supply to the client with
multiple codes for the same property.

3.4 Multiple projects

The DIGGS hierarchical structure (segure 3-) is set up so that any one DIGGS file can be used to transfer
data relating to one or more projects.

The uppermost tier of the DIGGS hierarchy is used to transfer information on the DIGGS file and to reference
externalfiles that are needed byedlapplicaton software to fully understand the DIGGS file and validate it. At

the next level is general information on equipment, specifications and business associates that apply throughout
the DIGGS file. Directly below this information in the hierarchy is thgjgmt information, within which all the

data associated with that project are held. Any number of projects can be transferred within a DIGGS file, which
do not necessarily have to be related.

35 Location referencing systems

Geographical location is essenttal almost all geotechnical and geoenvironmental data, in the form of the
location of the exploratory holes, sampling points, pile locations etc. Because of this, DIGGS has been
structured to be both rigorous and flexible in the ways by which locatiensfarenced. As outlined in Section

3.2.2 DIGGS makes use of the recognised GML methodology for the handling of locations in three dimensional
space. GML allows for the transfer of both the coordinates of locations, acabttiénate reference system that

is being used to define the meaning of the recorded coordinates. The use of GML location referencing has a
number of key benefits:

Any coordinate referencing system can be used, meaning that DIGGS data can be used
internationally,

GML also allows for more than one coordinate referencing system to be used within a DIGGS
file, so one location could be referenced in several different ways. This is of particular use for
long running projects that, for example, may operate oratitude and longitude in the early stages
of scoping, on regional or national grid during the investigation phase, and on a defined local
project grid during construction,
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GML is a recognised, standardised methodology for the transfer of location informan, with a
proven history of successful usage,

Because GML is an international standard utilised in many data transfer formats, it means that
DIGGS data can be utilised by existing software, and in conjunction with other GML compatible
data sets

Of partiaular importance for much of the data held in DIGGS is the location of data represented as a point at a
particular depth within an exploratory hole, or as a length along a line etc (for example, samples taken from a
borehole will be recorded as being frordepth, or depth range within the construction of that borehole, not as a

point in three di mensional space) . DI GGS handl es
borehole or other reference line (such as a surface scanline along afgeeygnd then to relate sample or test
locations as depths or lengths along that defined line. By way of example, refer to
Figure3-4.
Location of
top of hole —
BAT1ETE,
Coordinate EEADTIM
referencs 145me

Undisturbed
zample —%

#+—— Location of
basze of hole —
GIF1E3E,
S69A33H,
123mADD

Figure 3-4 Example of sample location referencing within a borehole

In this example, an undisturbed sample has been collected within an inclined borehole. During construction of
the hole, and collection of the sample, the only data available would have been the depth down the hole of the
top and base of the sample. Thisdsorded within the DIGGS data. In order to locate the sample in three
dimensional spacéour further pieces of information are required. The first is the location of the top of the
borehole. The second is the path or line of the borehole whiclis & istraight line, may be defined by giving

the coordinates of the base of the borehole, but more practically is measured in the field as its angle of dip and
azimuth direction. The third is the coordinate reference system that has been used to récpaf the
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borehole and the forth is the coordinate reference systems used to record the pdtblef théigure 34 a

single coordinate reference system has beentassefine the location of all the borehqgleihough several

could be used if thproject requires it. A borehole that has a curved path can be defined by recording the 3D
locations of multiple points along its length. From the information recorded, software applications have all the
necessary information transferred within the DIG@&Stb be able to calculate the location of the undisturbed
sample in three dimensional space, relative to the coordinate reference system.

3.6 Associated data items
There are a number of generic items of data that can be transferred within DIGGS thagftehilstsential, are
not part of the core sets of geotechnical and geoenvironmestdisdata. Such data includes:

Associated files (for example, to allow a scanned site plan to be associated with a project),

Equipment information (for example calibration information, model and serial numbers for
equipment used for testing),

Specification information (for example a reference to the ASTM standard that was used for the
particular test),

Remarks associated with any of the data in the DIGGS file,

Roles of ndividuals or companiesinvolved in any part of the derivation of the DIGGS data (for
example the name of the driller of a borehole, the logger of a trial pitor the geoenvironmental
testing laboratory etc),

Within DIGGS, data such as these are storeal generic way, that can be referenced throughout the transferred
data as required. For example, the results of a con
serial number and calibration history, or a borehole can include dettils dfiller, the logger and an associated

digital photograph of the borehole position.

3.6.1 Roles and business associates
Contact details for people and compar(i@ssiness associategysociated with the data can be transferred in a
DIGGS file as referenceformation. Each object in DIGGS can define roles for the data. A role is information

on who carried out which tasknd itlinks to the appropriate business assoaiaeterence A few examples of
how this could be used are given below:

e transfer informabn on who carried outhecked and signed aiflaboratory test
e transfer details of the site engineer, client or contractor

e transfer information on the drilling crew.

3.6.2 Attached files

External files can be referenced by any object within DIGGS. Thedilesither be referenced locally to the
XML file or can be referenced to a network or internet location. DIGGS uses an internet standard for
referencing the filebs | ocation.
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3.6.3 Equipment

Equipment details can be transferred in a DIGGS file as referengenatfon. Data specific to an item of
equipment not need to interpret the result should be transferred in the equipment reference rather than the test
data. Calibration dates and information can also be transferred within the Equipment object t require

3.6.4 Specifications

Details on the pecificationand standard used to collect datm be transferred in a DIGGS file as reference
information. Each object within DIGGS can have references to one or more specifications.

It is anticipated that local impheentation groups will be responsible for defining a referencing system for each
standard used within the implementation area.

3.6.5 Remarks

Remarks can be added to each object in DIGGS. Each remark has a text remark, an optional dat@tiaie

role information (i.e. who made the remaddd optional depth.

3.6.6 Groups

Connections betweeitems canbe definedusing group in DIGGS. Each grougontainsinformation on the
type of group and a list of ICfer the itemsBelow are a few of the possible ways grimgpcan be used.

e Defining which when a CPT and borehole can be viewed as related to eadthet#gsS Hole Cluster
field)

e Grouping borehole® one or more zones on site
e Defining which samples are duplicates

e Defining which samples laboratory control sarsplefer to

3.7 Extensions to DIGGS

There may be times when you need to add information to a DIGGS file that is not currently defined in the data
dictionary. I nformation on how to extend the for mat
likely that your software program will be able to do all the technical parts for you.

DIGGS can be extended in the following ways:
e Additional properties can be added to existing objects
e Additional objects can be added to existing collections
e Additional collections can be defined
e New picklists can be specified and published.

If DIGGS is being extended to accommodate a new type of data then this should be done through an appropriate
SIG.
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3.8 Language

Each object in DIGGS has a Lang property that allows the Igegofethat object to be defined. The lang
property can be set at the top of the file and will be considered to be the default unless specified within an object.
This flexibility allows borehole descriptions in more than one language to be transfehdthét same file.

3.9 Units

Each parameter in DIGGS that requires a Unit Of Measure has a uom attribute to it and each uom is assigned a
unit group typei(e. length, volume, force) within the schema. It is therefore possible to specify any units you
requirein DIGGS and to ensure the units you are specifying are relevant to the data they are defining.

3.10 Object IDs

Many of the objects in DIGGS have unique IDs. These IDs serve two main purposes. Firstly they allow objects

to reference each other withinaflend secondly they all ow an objectds wun
An ID has two parts; firstly it has a company or office reference of up to 8 characters, this is followed by a dash

and then a unique string within that companZompany codes o&be registered for free during the DIGGS

review period ahttp://www.diggsml.convids It is theresponsibilityof the company or office to maintain

unique ID within their company code.

This use of IDs and source properties links is key to the way ichvibiGGS handles samples and laboratory

test results. However, in most cases the user need not worry about this at all, as the application software you are
using, whether it be a geotechnical database or a laboratory information system (LIMS), wilteéake ca

assigning the IDs and generating the correct linkages. The use of IDs and source links is merely a device used in
the DIGGS format to transfer the relationships between boreholes, samples, subsamples and laboratory tests in
an unambiguous way. You Msee later in this Introduction to DIGGS that this construction is a very powerful

way of handling the complex relationships that can exist between samples and laboratory and insitu tests,
particularly for environmental sampling where there is the agditicomplication of control samples and batch
testing.

It is important to note than any DIGGS data imported into a system should retain its original ID if it is
subsequently exported back to a DIGGS file.

3.11 Version control and data status

In many casesjata files are structured in order to allow the presentation of preliminary data as well as its
updating during the course of a project, prior to issue of the final data. For example, piles can have many
instances of the same physical pile. The desigmstcucted, tested and maintenance representation of the same
pile can all be contained in the transfer file. The transfer standard allows for these multiple instances but the
software which will interpret the file needs to be aware of this and didptagdta accordingly and not interpret

them as independent piles.

3.12 Transmission information

EachDIGGS file must contain transmission information within a single transmission objécs. information
tells receiving software what version of the data isa@oet in the file and what software produced it.
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3.13 Data checking i format, integrity, completeness

Any data is of little use if it is incorrect or incomplete. This is particular true for electronic data transfer formats
such as DIGGS. Through the use of KMDIGGS has significant Hbuilt checking abilities. Data checking can
be considered in terms of four main areas:

Data format: does the data meet the format rules?
Data integrity: are the relationships between the data items correct and complete:
Data vdlidity: does each item of data make sense and is it within a credible range?

Data completeness: is all the expected data present?

Each of these forms of checking, and the ways in which DIGGS address them, are discussed below.

3.13.1 Data format checking

For a traasferred DIGGS file to be valid, it must conform to the rules of the transfer format, so that sending and
receiving parties are all using the same form of data. DIGGS data is checked using the XML schema, which
holds the information about the correct dedastruction for a DIGGS file. The considerable advantage of using
XML as the format for DIGGS is that the schema can be held centrally on the DIGGS website and there will
therefore be just one reference file for the data being transferred, drast@daityng the possibility for mistakes

in the format of the data.

Any transferred DIGGS file must reference the schema against which it has been prepared. This enables the
DIGGS format to develop over time (through the release of different versions séhtbma), and as a DIGGS
schema will never be deleted, it also means that DIGGS files can be archived at any point in time with their
schema.

Database application software will be able to hold local copies of the DIGGS schema, to enable data creation and
checking when remote from an internet connection.
3.13.2 Data integrity checking

Whilst the DIGGS schema can be used to check the format of a DIGGS file, it does not check that the integrity
of the data is correct. For example, it will not check to see thettoaatory testreferenced in the file has a
sourcesampe.
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4 Geotechnical data

This section will describe how the DIGGS format is used for the transfer of geotechnical data. Use is made
throughout of realistic examples of geotechnical investigation andhdestactices, with related diagrams to
explain how DIGGS is used to organise and transfer the information that is generated from these practices.

4.1 Hole construction
Construction of an exploratory hole in a geotechnical ground investigation typically cesnariseries of
activities, all of which can be recorded and transferred in a DIGGS file. Such activities would include:

Advancement of a borehole by wash boring or rotary coring,

Casing of a borehole,

Chiselling to pass obstructions in a borehole,

Circulation of a flushing medium in a borehole,

Progress of a trial pit by introduction of shoring support,

The recording of the behaviour of groundwater encountered in an exploratory hole,

The backfilling of a hole, and the installation of monitoring equipment ach as piezometers.
Information such as this is important for the measurement of investigations for payments purposes, and is also
essential in the interpretation of ground investigation data, ife gjitu tests such as the standard penetration

test). Inorder to record and transfer information such as this, DIGGS uses four data constructs: construction
events, backfills, installations and progress records.

41.1 Construction events

A construction event is a construction activity recorded during the construdtan exploratory hole. The data
construct used within DIGGS to record these activities is directly related to an exploratory hole (i.e. sits beneath
the hole in the DIGGS hierarchy). Several categories of construction events are utilised by DIG@BSpwdri

the transfer of data relating to:

Borehole and Pit construction: information relating to the method of construction of an exploratory
hole, whether it is drilling or boring that has a diameter, or whether it is a test pit that length and
breadthrather than a diameter.

Casing informationon casing used while the hole is being constructed,
Flushing: information on the flushing technique used and flush observations,
Chiselling: information on the time and depths of chiselling.
Whilst each of theseategories of construction events has specific properties which relate only to that type of

event (e.g. pits contain a property for the recording of pit width and length, which are not relevant in borings or
probes), each category shares the ability torcec

Date/Time: of both the start of the event and its end

Top depth: the depth to the top of the event being recorded,
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Base depth: the depth to the base of the event being recorded,

Remarks: remarks can be added to the event, using the core DIGGS methodgy for recording
remarks. In the same way, equipment, specifications, business associates etc. can also be assigned
to the event.

In order to illustrate the use of construction events for the recording of hole construction in DIGGS, consider the
exampleshown inFigure 41.

Real Waorld Data Construction

=
3.95m
Sz Cable Percussion to 7.33m
Construction
Casing
to 7.5m
Tap = Om
Ff_'_,_.-""', Hase = 733 —| CylindricalConstruction |
Chissliing k Type = Catiz Parcusshon
6.5m—T7.2m

Tap = 7.33m
Hazz = 19.5m —| CylindricalConstruection |
Type = Rotary cored
Tap = Om pov

e Haze = 75m —| asing |

-asing — Rotary Corad to 19.5m Diam = £00mm
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Figure 4-1 Example of construction events for the construction of a borehole

The construction of this borehole has comprised a series of construction events and other events:
Advancement of the borehole by cable percussion methods from Omto 7.33m,
Continuation of the borehole by rotary coring methods from 7.33m to 19.5m,

A water strike at 3.95m (note: this is not a construction event, see Sectidri.4),
Chiselling by cable percussiorbetween 6.5m and 7.2m,

Casing installed in the cable percussion borehole between Om and 7.5m,
Casing installed in the rotary cored boreholes between Om and 19.5m.

Flushing in the rotary cored borehole between 7.33m and 19.5m.
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Of these, the construction ews, all use the same data construct (e.g. a date/time for both the start and end of the

event, top and base depth), as partially outlinedrigure 41. Each construct is used to record relevant

information about the event (e.g. time of chiselling, petgf flush etc.). Whilst the water strike noted did occur
construction
borehole, rather than being the result of a construction activity). The handling ofstvikes in DIGGS is

during the

considered in Sectiof.1.4

4.1.2 Backfill

The complete construction of an exploratory hole will typically include both creation of the hole, and its backfill.
This backfill activity may comprise the simple infilling of the hole with iags, or other materials, or it may
include the installation of some form of instrumentation (see Seétif). Recording and transfer of backfill

of t he

borehol e,

data in DIGGS is similar to that for hole construction. Consider the example shbwgura 41:

t
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Backfill

Backfill

Top=0m
Base=2m
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Top=2m
Base = 8m
Classification = Bentonite

Top=8m
Base=12m
Classification = Arisings

Figure 4-2 Example of backfill events for the backfilling of a borehole

The backfilling of this borehole has comprised a series of backfilling events:

Backfilling of the hole with arisings between 8m and 12m,

BadK«filling of the hole with bentonite between 2m and 8m,

Backfilling of the hole with concrete between Om and 2m.

As with construction events, backfill events can include start and end times and can also contain remarks,
equipment used etc. The descriptadrthe material used for backfill is described using the same data
construction as that for geological layers (see Sedtign
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4.1.3 Installations

On completion of an exploratory hole, it is common within geotechnical engineering to install a monitoring
deviceof some description. DIGGS can record and transfer details of such installations, and provides a link into
the monitoring of the installation, as is discussed in more detail in Sé&ctibncombination with the recording

of the backfill events outlined in Sectigthe installations data in DIGGS allows a full picture of the monitoring
equipment installed in a hole to be transferred by DIGGS.

To understand the use of installations in DIGGS, consider the example shBigore4-3

Real World Data Construction

. r
m Concrete
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Bentonite

8m

11m
Installation

" -

Tap = Omi

Type = Piain gige
Tap = &m

Haza = 11m
Tyoe = Siotied pioe

C=pin =0m
T St

Figure 4-3 Example of a borehole installation

Within this borehole a single standpipe piezometer has been installed to a depth of 11m. The hole has been
backfilled with a combination of gravel, t®@nite and concrete, the details of which will be recorded using the
backfill construct outlined in Sectigh1.2. The details of the piezometer are recorded using the properties:

A unique identification number for the piezometer,
A code defined in a codlist to describe the type of piezometer installed,
A collection of details to describe the piezometer (see below),

A list of the detectors in the piezometer, to link to the monitoring of the instrument, as outlined
further in Section 6 (a detector is the part of the installation that actually provides the reported
reading).
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The piezometer itself is described by a series of details. In the case of the example shigureid3, the
piezometer will be comprised of a detailyweén O0m and 8m that describes the plain plastic pipe, and of a detail
between 8m and 11m that describes the slotted plastic pipe. Additional information, such as the material used
for the piezometer pipe, the size of the perforations in the slottedtpipmg also be recorded.

In order to link the piezometer to subsequent water level monitoring carried out in it, it is also necessary to
define the detector that is present in the borehole. In the case of the example dfigureid3 the piezometer

will have a single detector point, which may be either the position of the piezometer tip, or the top of the hole if
measurements are being taken relative to this point. Further details of the methods for recording monitoring in
DIGGS are outlined in Sectid®.

41.4 Progress records

During a geotechnical ground investigation it is often necessary to record the progress of an exploratory hole,
either for the purposes of payment for work carried out, management of the project orifderbretation of
certainin situ test results. DIGGS achieves this through the use of progress records. A progress record in
DIGGS can record the following information:

The date/time,

The depth of the hole at that date/time,

The depth of any installedcasing at that date/time,

The depth to the top of any water in the hole at that date/time,

Any remarks, equipment information etc. using the standardised DIGGS remarks construct.

The progress record construct in DIGGS can be used to record any of thepedqmerties, either together or
individually. Therefore, none of the properties in the construct are compulsory.

The progress record construct can be utilised in three ways, as outlined below.

0] Hole progress against time

For the measurement of the progredsa project, it is often a requirement to record the progress of an
exploratory hole at set points in their construction, typically at the end of each working day. The DIGGS
progress record construct allows this. For example, for each exploratorytioleis in progress at the end of a
working day, the date/time, hole depth, casing and water depth (if appropriate) can be recorded, and a remark
should be entered to denote this progress record as data associated with the end of a working day.

(i) Hole progress at the time of an in situ test

For certainin situgeotechnical tests it is essential to understand the progress of the construction of the hole at the
time of the test in order to interpret the test results correctly. The DIGGS progress recorticoastrs this,

by allowing the construct to be usedthin the DIGGS hierarchy alongside thesitu test record and results.
Consider thén situshear vane test shownkingure 44.
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Figure 4-4 Example of an in situ test and hole progress record

The vane test itself is carried out at a depth of 11m depth. However, in order to correctly interpret the result
from the test, the DIGGS data will also include the following progress record alongside thesvaasult:

Hole depth: 10m,
Casing depth: 4m,
Water depth: 8m,
Date/time of the test,

A remark if required

(i) Waterstrikes
Water strikes within an exploratory hole are recorded through the use of the progress record construct in DIGGS.
Consider the exampleelow:

Water encountered in a borehole at 8m depth, casing at 4m depth, at 10:15:00 am on 23rd May
2007

Drilling stopped, water level recorded at 5 minute intervals until 20 minutes after the initial water
strike.
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DIGGS recordshis information using aesies of progress records:

Date/Time Depth to water Depth of borehole Depth of casing
23rd May 2007 10:15:00 8.0m 8.0m 4.0m
23rd May 2007 10:20:00 7.6m 8.0m 4.0m
23rd May 2007 10:25:00 7.4m 8.0m 4.0m
23rd May 2007 10:30:00 7.2m 8.0m 4.0m
23rd May 200710:35:00 7.1m 8.0m 4.0m

Through the use of the progress records for water strikes, the slow rise of the water in the hole following the
water strike is recorded.

For each water strike recorded in an exploratory hole, DIGGS also contains a propemgdhibed the depth at
which the water strike was sealed by the casing (if this situation occurred) which is not time related.

4.2 Geological information

4.2.1 Layers and details

The description of geological layers and depth related details within a geotechnjeat fg@n essential and
important part of DIGGS. These layers and details may be geological strata, weathering profiles, geotechnical
strength profiles etc. There are a key differences between the use of layers and details:

Layers are sections of the grund, described between a given top and base depth within an
exploratory hole, which areconsecutiveand cannot overlapfor a given layer system within a given
hole,

Details are sections of ground, again described between a given top and base depth withim
exploratory hole, which do notneed to beconsecutive(i.e. there can be gaps between details) and
which can overlapfor a given layer system within a given hole.

The concept of dayer systemis also of fundamental importance. A layer system is titeri@ by which the

ground profile is subdivided, described and/or classified. The layer system may be to a defined national standard,
or combination of standards, or to a client definition, or to a project specific definition, any criteria can be used
aslong as it is defined. Examples of a number of layer systems are given in the following table.

31



Example layer system Example definition

Engineering geology Engineering geological description and classification in accordance with US(
soils and ISRMor rocks

Stratigraphy Stratigraphic classification in accordance with the British Geological Sy
standard stratigraphic lexicon

Weathering Weathering zonation and description in accordance with the Hong Kong
standard specification

Excavatabiliy Assessed excavation method based on a defined project specific classificatio

Within alayer systembothlayers anddetails can have the following:
e Top and base depth in one dimension (i.e. as a depth down an exploratory hole),

e A description of the layeor detail. This is a free text field, with no constraints or validation. There is
the facility to record the description in any language, and in more than one language if required, so that
bi-lingual borehole logs can be produced,

e Classifications can bassigned to théayer or detail, such as a particular legend code, material code
etc. Any number of classifications can be applied to a given layer or detail,

e Componentised descriptions can be assigned if required. A componentised description bifeads the
form text description down into a series of rigidly defined items, such as strength, colour, principal soil
type and secondary soil type. Any number of components can be applied to Egéverr detail, as
required. The benefit of this approaclkep a free form textdescription is that the individual
components can be validated against a codelist of acceptable terms, and the description becomes
machine readable to allow subsequent searching and querying in the software application.

e A unique idenfiier is assigned to each individual layer and detail. This would normally be assigned
automatically by the application software without user intervention

Consideithe example shown iRigure 45, which is a schematic of a trial pit log in a weathered roakerial.
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Geology Layer
System Weathering Layer System

-—> <+ >

Geology  Weathering Weathering
Layers Layers Details
bt Top/Base: Top/Base:
o 0.1-0.8m 0.2- 0.6m
Desc: Completely | pesc: Core stone | pese: Core stone
weathered rock Class: IV Class: v
Class: A "
Top/Base:
Top/Base:
0-4m 1.3-1.9m
Desc: Desg: Core stone ATop/Base:
Weathered Class: lll 1.8-2.9m
granite Top/Base: Desgc: Core stone
Class: WGr 1-4m . Class: Il
Desg: Partially Top/Base:
weathered rock 27-3.8m
Class: B Desg: Core stone
Class: Il

Figure 4-5 Use of layers and details in the description of a trial pit

Two sets of depth related information are conveyed in the DIGGS datgure 45, through the use of two

layer systems, anrelating to the geology and the other relating to the weathering. The geological information is
recorded as the geolo¢gyers, because geological strata are 1omerlapping and consecutive in one dimension

(i.e. depth down the trial pit). Within theeglogylayer systemis a singlelayer, from 0 to 4m, described as
weathered granite, and classified according to a defined codelist as WGr. The weathering profile is recorded by
the use of the weatherinlgyer system. Two weathering layers are defined wlhiare consecutive, nen
overlapping and are classified into weathering zones A and B according to some specified codelist..
Additionally, the weathering is further described using weathetitgils. These details record information
about several coremtes observed within the trial pit. These core stones overlap in one dimension, and are also
non-consecutive, hence tliketails construct is appropriate. Through the use of thegers anddetails within

two layer systems the same geological profile barnsubdivided, described and classified in different ways.
Further layer systems could be defined to describe the profile in other terms skakeasf excavatioor
Geophysical shear wave velocity

4.2.2 Reporting trial pits

Depth related information collectdrom boreholes and similar investigation methods is one dimensional, and
can easily be described as a seriekpérs anddetails with defined top and base depths. Trial pits are three
dimensional (albeit individual face logs, suchFagure 55, are me of a series of two dimensional sketches).
DIGGS currently does not allow full description of ground reldigers and details in three dimensions.
Therefore, in order to allow individual segments of the ground to be separately described withinSafild G5
stratum reference code can be applied to any described segment of the ground, most commonly tying into a
reference placed on the trial pit (or exposure) sketch, such as demonstFitgaent6.

33



Figure 4-6 Stratum references in the description of a trial pit

In the example given iRigure 46, astratum referencehas been applied to segments of the ground described
as geologyetails, as the individual segments overlap and areaosecutive.

Whilst the use of atratum referenceis essential for the geological description of the ground seen in the trial pit
in Figure 46, it is further used within DIGGS as a method for linking the segments of the ground encountered to
activities carried out whin it, such as sampling or-Bitu testing. For example, if a bulk sample was taken from
the area obtrata reference5 in Figure 46, and anin situ hand vane test were carried out at a depth of 2m in
strata reference6, data relating to this sampledadn situtest would be recorded as follows:

Sample: Top depth 3.5m, base depth 3.7m, sample ID 36252, stratum reference 5

In situ test: Depth 2m, stratum reference 6, peak shear strength 35kPa etc.

By use of this data construct in DIGGS, any activity utaden in the trial pit or exposure can be linked in to the
exact area in which it was undertaken.

4.3 Samples and laboratory testing

Perhaps the largest volumediita within a typical DIGGS file for a geotechnical investigation will be related
samples taén in the field, and subsequently tested by one of the many laboratory methods of testing that are
available. The structure of DIGGS has been developed to be both rigorous and extremely flexible, to take
account of the various methods of sampling andhigéhat are available. The majority of this section will make

use of examples to outline how samples and laboratory tests are described in the DIGGS Searsction
3.2.4for more information on paired tables.
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