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SYNOPSIS: A knowledge based system (SIGMA) which can be used for interpreting site investigation data is the subject of the paper. The heart of the system
consists of a database for storing the site investigation information. A particular feature of the database is the ability to store soil and rock descriptions in a
structured form, rather than simply as single text fields (as is the case with other database systems). A data handling module for entering and manipulating data is
described. It includes a parser for breaking down soil and rock descriptions for automated entry into the structured representation. A data checking module which
performs data validation and consistency checking at a number of different levels is outlined. It incorporates the ability to cross-check parameters one against
another, and to check that qualitative descriptions are consistent with the quantitative values. The system can also assist with the interpretation of ground
conditions at a site. This is done firstly at site-wide level by identifying marker beds (which stand out from the general ground conditions) and tracing them across
the site. The site-wide interpretation is then used to guide a detailed examination of ground conditions between adjacent boreholes.

INTRODUCTION

A knowledge based system is under development at the University of
Durham for interpreting geotechnical information obtained from a site
investigation. SIGMA (System for Interpretation of Geotechnical
InforMAtion) is being developed to assist a geotechnical specialist with the
assessment of design parameters from numerical information (laboratory and
field test results) and also the interpretation of ground conditions across a
site. The system is not an ‘expert' system (in the sense that it would attempt
to replace the geotechnical specialist) (Toll, 1990) but rather interacts with a
specialist, performing data processing tasks which can be time consuming to
carry out. The system will highlight areas which are difficult to interpret so
that the specialist can devote more time to these more difficult aspects,
without the drudgery of processing areas which are straightforward to
interpret. However, even seemingly routine tasks require a large degree of
intelligence’ i.e. knowledge about geotechnical engineering.

SIGMA is being developed in a modular fashion (Toll et al 1992b). The
heart of the system is a database containing the site investigation
information. Around this a number of general knowledge bases have been
built up which are accessible by different modules of the system. A Ground
knowledge base contains information on grain size, liquid limit, undrained
shear strength, relative density, SPT N-value, compressibility, permeability
etc for different levels of classification. The Test knowledge base has
information on the reliability of different field tests for measuring various
parameters, and also the applicability of the tests in different soil types
(Moula, 1992). The Parameter Correlation knowledge base contains
empirical correlations between a variety of geotechnical parameters.

The knowledge based modules which have been developed (or are under
development) interact with the database and the general knowledge bases.
These modules have been developed either using ProKappa, an object
oriented knowledge engineering development environment (Johnson, 1991),
or using Prolog. Three of these modules are described in outline in the
paper; Data Handling, Data Checking and Interpretation of Ground
Conditions.
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DATA HANDLING

The Data Handling Module handles the data entry to the site investigation
database. The database has been implemented using Ingres, a relational
database management system. It is accessed using SQL (Structured Query
Language), a standard language which has been developed for querying
databases.

The database schema is outlined in Fig. 1. Each box represents a database
table, and the lines indicate how the tables are linked together. The boxes
shown with italics represent a number of tables which are not shown in full.

Use has been made of the Association of Geotechnical Specialists’ format
(AGS 1992) in developing the schema.

A particular feature of the database is the fact that the LAYER table which
contains the layer description is linked to STRATUM, LAYER
STRUCTURE, CONSTITUENTS, STRATUM STRUCTURE and
COLOUR tables (Fig. 1). These five tables represent a way of storing layer
descriptions in a structured form, rather than simply as a single text field. A
form of this structure which could handle soil descriptions was given by
Toll et al (1992b). The final structure which can also handle rock
descriptions will be given by Toll & Oliver (forthcoming). Structuring the
descriptions in this way means that the system can access the information
much more easily, rather than having to parse the description each time
information is required from it.

To break down the layer descriptions for entry into the five tables by hand
would be a laborious process, so a parser has been developed to automate
the process. The parser has a wide vocabulary of descriptive terms, and also
a knowledge of the syntax of soil and rock descriptions. It is able to parse
standard descriptions which conform to BS 5930 (1981) as well as to many
non-standard forms. These are converted to a standard representation in the
database. The parser was initially developed in Prolog (Vaptismas, 1992)
but has since been rewritten in Protalk for use within the ProKappa
environment.
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Fig.1. The Site Investigation Database Schema

Numerical data are entered into the system using dialogue boxes developed
using the X-windows functions provided by the ProKappa interfacing
facilities. The data handling module also deals with simple consistency
checking of the data before entry. It only handles the first level of data
checking, the remaining levels of checking being performed after entry by
the data checking module.

DATA CHECKING

An important part of data processing is checking the validity of the data
before they are used for interpreting design parameters. Many database
systems can achieve simple data checking by defining acceptable ranges for
particular fields. However a knowledge based system can introduce a greater
degree of ‘intelligence’ into the data checking. Use can be made of heuristic
knowledge, such as correlations between parameters; knowledge of expected
values for particular soil or rock types; knowledge of how measurements of
the same parameter, determined by different tests, should compare. So, in
addition to straightforward data validation, parameters can be cross-checked
to ensure consistency between different pieces of data. As well as checking
the numerical values, the system can also check that the soil or rock
descriptions are compatible with the results of laboratory and field tests.

Five levels of checking which can be carried out are identified below,
although not all levels have yet been fully implemented within the system.
The user can specify the level of checking required, and warnings of
inconsistencies will be provided at the appropriate level.
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Level 1: Data are of the correct type to match the appropriate database field
(alphanumeric, real, integer, date etc).

Level 2. Data fit into sensible ranges (e.g. O<month<13,
O<=liquid_limit<200).

Level 3: Data cross-check with other measurements of same parameter (e.g.
¢y measured in triaxial tests is consistent with ¢, measured in
vane tests).

Level 4: Data cross-check with other parameters (e.g. ¢, is consistent with
Liquidity Index).

Level 5: Data are in general agreement with values recorded for similar
ground conditions from previous site investigations.

The Data Checking module makes use of the three knowledge bases: The
Ground knowledge base for knowledge about acceptable ranges of
parameters and compatibility with descriptions; the Test knowledge base for
assessing which tests can give reliable values for particular parameters; the
Parameter Correlation knowledge base for cross-checking parameters.

The knowledge bases have been developed using object oriented techniques.
Information can be represented as a hierarchy. Part of the structure used for
representing the ground is shown in Fig. 2 (Toll et al, 1991). Each object
from the highest level class (GROUND) to the lowest level instances
(BOULDERS, COBBLES etc) can have any number of slots. Each slot is
identified by name and can have a value or multiple values. In the Ground
knowledge base multi-value slots are used to represent expected ranges for
parameters (Moula, 1992). These slot values can be further refined by the
use of facets. These allow the slot values to be subdivided into finer ranges
depending on descriptive terms. An example of slots and facets for the
instance SILT is shown in Fig. 3. It should be noted that SILT can inherit
the properties of a cohesive or a granular material depending on whether it
behaves in a plastic or non-plastic manner, as shown in Fig.2.
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Fig.2. Hierarchy of the Ground Knowledge Base

INTERPRETATION OF GROUND CONDITIONS

One aspect of interpreting site investigation information is the i

dentification

of ground conditions across the site (i.e. to construct a model of the ground

conditions), based on profiles observed at specific points in
trial pits.

The interpretation process is being approached at two levels:

and (ii) Borehole-to-borehole (Vaptismas, 1992). At the site-w.
attempt is made to identify marker beds; these are layers whi
from the general ground conditions, and can therefore be more

boreholes or

(i) Site-wide
ide level, an
ch stand out
easily traced

across the site. A search for marker beds is first made in each borehole.

Marker beds can be identified if either the soil type, colour or consistency is
significantly different from the rest of the layers in a borehole. For instance,
if a layer of gravel is present among what are otherwise clayey layers, this
would be highlighted. This is achieved by comparing layers within the
borehole using the methodology put forward by Toll et al (1992a). In this
method, a quantitative measure of similarity (Similarity Number) is obtained
from a comparison of the qualitative terms used to describe e layer.
Trigger levels of similarity number are specified for identifying significantly
different layers, so as to highlight them as potential marker beds.

SILT

Compressibility | Grain size | Liquid limit| N-value | Permeability | Shear strength
0,0.05 0.002,0.06 0,200 0,100 1E-9,1E-S 0,625
0.002,0.006 | Fine 0,4 Very Loose 0,20 Very Soft
0.006,0.02 | Medium 4,10 | Loose 20,40 | Soft
0.02,0.06 |Coarse |/ | 10,30 | Medium Dense 40,75 | Firm
| 130,50 | Dense 75,150 | Stff
50,100| Very Dense 150,625] Very Stiff|
0,35 | Low Plasticity
35,50 | Intermediate Plasticity 1E-9,1E-7| Very Low Permeability
50,70 | High Plasticity 1E-7,1E-5| Low Permeability
70,90 | Very High Plasticity
90,200| Extremely High Plasticity

f0,0.0S Very Low Compressibility

Fig. 3. Slot and facet values for the instance SILT



A search can then be made to see if any of these layers can be traced over
the whole site (or a significant part of it). This is done first by checking
continuity within a group of three adjacent boreholes. Layers which are
found to be continuous within these groups (triangles) are then checked for
compatibility with adjacent triangles, and a picture of continuity of beds is
built up. Continuous marker beds identified in this way are then used to
construct an initial site-wide model of the ground conditions.

The site-wide model identified in this way may not hold over the whole site,
or if the ground conditions are particularly complex it may not be possible to
construct a model in this way. Therefore, it is then necessary to look at the
detailed ground conditions on a borehole-to-borehole basis. At this level, a
detailed examination of the ground conditions is made between each pair of
adjacent boreholes. Again, using the methodology of Toll et al (1992a), a
similarity nuimber is calculated between each layer of the first borehole and
all of the layers of the other borehole. A potential link is defined between
that layer in the first borehole and the layer in the second borehole which
gives the maximum value of Similarity Number. Once such links have been
identified for all layers, they are then used to construct valid hypotheses
which could explain the ground conditions between the two boreholes. The
hypotheses comprise sets of compatible links, based on the fact that layers
cannot cross over. The fact that layers could die out between the borehole
pairs can be allowed for in the hypotheses.

If a site-wide trend has been identified, this can be used to fix one, or more,
of the links, thus constraining the number of hypotheses that the system can
geoerate. This use of the site-wide model prevents local fluctuations
developing, giving an overall consistency to the detailed interpretation at the
borehole-to-borehole level.

Hypotheses for both the site-wide trends and the detailed borehole-to-
borehole correlations can be presented to the user, ranked in order of
preference by the system. The user can select one of the hypotheses as
correct, or the hypothethes can be modified as required by the user. A
graphigal interface needs to be implemented before this aspect of the system
becomes suitable for a general user.

CONCLUSIONS

The system under development at Durham University is a knowledge based
system which can assist a geotechnical specialist in interpreting the ground
conditions at a site, and in assessing design parameters. The system can
perform the preliminary data processing and present the results for
consideration by the specialist. Areas of difficulty which need the attention
of the specialist can be highlighted.

The system operates around a site investigation database, and a data
handling module allows entry and manipulation of the data in the database.
A data checking module provides data validation and consistency checking
at a number of-different levels.

A methodology has been developed for carrying out an interpretation of the
ground conditions. The system attempts to identify site-wide trends by
tracing marker beds (beds which stand out from the general ground
conditions) and uses these trends to guide a detailed examination of the
ground conditions between adjacent boreholes.
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