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Synopsis: Expert systems offer some advantages compared to traditional algorithmic programs, especially in the construction industry
where a lot of heuristic knowledge is used.
An expert system prototype intended to be
utilized as a dec.ision support tool for the
building site personnel in choosing ready mix
concrete is described. The system, developed
in the Technical Research Centre of Finland,
runs on IBM PC/XT/AT and compatible microcomputers.
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concrete.

1

INTRODUCTION

Expert system technology, a spin-off of the artificial intelligence (AI) research, offers a new way of salving various problems related to construction.
It provides a new tool, symbolic
reasoning,
for handling information, which previously has not
been accessible to traditional algorithmic computing. Expert
systems can handle heuristics,
facts based on judgment, experience, rules of thumb, intuition and other expertise to provide
knowledgeable advice about a variety of tasks.
In the construction industry there are exceptionally many problems which are
solved on the basis of experience and judgment without strict
mathematical models. The implication of this is, that there is a
vast range of potential applications for expert systems in the
construction industry /7, 12, 13/.
A collection of smal! expert system prototypes for various
applications related to construction has been developed in the
Technical Research Centre of Finland (VTT).
The initial experiences gained from this work are accounted for in /11/.
One of
these systems is the system described in this paper, an expert
system for choosing the type of ready mix concrete (BETVAL)
/10/, which has been developed by the Concrete and Silicate
Laboratory in cooperation with the Laboratory or Urban Planning
and Building Design in VTT.
The characteristics of the concrete mix have a great effect on
the success of concreting and the quality of the resulting
hardened concrete structure. With modern technology, it is pos-
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sible to manufacture ready mix concrete of many types for different uses and environments. This versatility sets high demands
on the site foreman•s skill in choosing the right type of fresh
concrete for each purpose. This is where expert system technology can be of great help.
The expert system described is intended to be utilized as a
decision support system for building site personnel in choosing
the type of fresh concrete to be ordered from the ready mix
concrete plant. At present, the system is a prototype and it
cannot be used in production as such due to its somewhat limited
knowledge base (the knowledge base does not contain any information about special cases or economical aspects).
similar kind of expert system has been under development in
the National Bureau of Standards (NBS) in USA /4/. The system,
DURCON, is slightly different from the system developed at VTT.
DURCON is intended to be used by the designers as an aid in
choosing the constituents for durable concrete in some special
cases.

A

GENERAL ABOUT EXPERT SYSTEMS

2

What is an expert system?
tems, has stated /6/:

Feigenbaum,

a pioneer in expert sys-

"An expert system is an intelligent computer program that
uses knowledge and inference procedures to solve problems
that are difficult enough to require significant human expertise for their solution. The knowledge necessary to perform at such level, plus the inference used, can be thought
of as a model of the best expertise of the best practitioners of the field."
difference between most traditional computer programs and
expert systems is described in fig. 1. The main feature of
expert systems is that, in contrast to ordinary algorithmic
computer programs, the knowledge is separated from the search
and control system into a knowledge base. The main parts of an
expert system are (see fig. 2):

The

l)

containing facts and heuristics (rule-ofthumb type of knowledge) of a specific problem domain. In
most systems the knowledge is represented in the form of
IF-THEN-ELSE rules (often called production rules). Other
forms of knowledge representation are semantic networks and
frames (see for instance /3/ for further information).

2)

An

A knowledge base,

inference system or inference engine for utilizing the
knowledge base in the solution of the problem. The inference engine contains the control strategy for searching
through the knowledge base. The two main control strategies
for rule-based systems are forward-chaining and backwardchaining.
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3)

A working memory (global data base,

workspace) for keeping
track of the problem status, the input data and the relevant history of what has this far been done.

4)

An explanation subsystem, which is one of the key features
of expert systems. Expert systems are usually able, to some
extent, to explain why a certain piece of data is asked
from the user or how the system has come to the conclusions
presented to the user.

5)

which provides the means for the user to
communicate with the system. Usually the user communicates
with the system through menus generated by the system. Some
newer expert systems provide the user with a multi-window
interface, which can be manipulated with a mouse.

6)

A

A user interface,

knowledge acquisition system for adding knowledge to the
knowledge base. Usually this subsystem consist of a rule
editor or screen editor. Some systems have the facility to
induce the knowledge from examples given by the system
developer.
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Fig. 1. The difference between traditional computer
programs and rule-based expert systems /5/.
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Pig. 2. The main partsofa rule-based expert system /8/.
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The process for developing expert systems is different from
ordinary computer systems development. Expert systems ·are built
iteratively. This means that a smal! preliminary prototype is
increased and updated gradually by extensive testing. This is
usually done by a system developer (often called a knowledge
engineer) in cooperation with the expert, who is providing the
knowledge fora specific application. The prototyping system
development approach is described in fig 3.
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Fig. 3. Stages of expert system development /7/.
Many kinds of software development tools for expert systems are
available: symbolic languages (LISP, PROLOG), knowledge representation languages (OPSS, POPLOG), hybrid envirorunents (ART,
KEE, Knowledge Craft) and empty expert system shells. Conventional languages (Pascal, Fortran, C etc.) can be used, although
they are not as well suited for symbolic processing. Perhaps the
most convenient way of developing small expert systems is to use
empty expert system shells, which readily contain all other
parts of the system except the knowledge base itself. A great
variety of this kind of tools is available for microcomputers.

3

BETVAL, AN EXPERT SYSTEM FO.R CHOOSING READY MIX CONCRETE

3.1

The expert system shell

The software tool used for developing the BETVAL system is a
commercially available expert system shell called Insight 2+.
The system runs on IBM.PC/XT/AT and compatible microcomputers
under PC-DOS 2.0 or MS-DOS 2.11 or later operating system versions. The recommended configuration is at least 512 kbytes RAM
and a hard-disk drive /1, 2/.
The knowledge is represented in the form of produetions (IFTHEN-ELSE -rules), which are formed of statements or facts bound
together by logical operators (AND, OR and NOT). There are four
faet types: simple facts, object-attribute facts, numeric facts
and string facts. An example of a rule is shown in fig. 4.
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The inference system is mainly goal-driven (backward-chaining),
although some simple inference control statements can be used to
achieve a forward-chaining like function. The Insight 2+ system
includes a sub-set of Pascal, a full screen editor, a dBase II
and I I I compatible database editor and functions to call procedures written in other languages.
The knowledge bases are developed by writing the source code in
the knowledge representation language and by thereafter compiling the knowledge bases into an inner representation form,
which the inference system can use during a consultation. The
inference system automatically generates menu-type queries when
it finds a statement with an unknown value during the search
through the rules. Textual information can be attached to the
facts to give amore finished appearan9e to the user interface.

Example rule

I

I
1

l

Anteeedent
part of rule
Consequent
part af rule

RULE 2.2.2.10 Prod. cycle 2d winter
IF outdoor temperature checked
AND Temperature< 5
AND T~nperature >= -20
AND Production cycle IS fast 2d
THEN Production eyele chosen
AND Strength 2 := Strength 1 + 5
AND DISPLAY Winter 2d
AND FILE Winter 2d

Conunents

=rl

1}

2)
3)

3)
4)

2)
5)
6)

7)

l

Comrnents: 1)
2)
3)
4)
5)
6)
7)

Rule title; does not affect the inference
Simple faet (ar statement)
Numerical faet with relational comparison
Object-attribute faet
Numerical faet with assignment operation
Control element for information text display
Control element for saving text display in file

Fig. 4. Example of a rule written in the knowledge representation language of Insight 2+.

3.2

The system architecture

In Finland the building site personnel has to inforrn the ready
mix plant about the following properties when ordering fresh
concrete:
1)
The compressive strength class (defined by the designer),
taking into consideration appropriate concreting techniques.
2)
The consistency value of the fresh concrete (usually defined as VeBe-time or sVB).
3)
The maxirnurn size of aggregate.
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Accordingly, the domain is divided into three sub-problems or
contexts (fig. 5), each of which is a typical classification
problem, i.e. the system has to choose from a number of predefined solutions. A production system is a natura! way of
solving problems like this /14/.
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Fig. 5. The general structure of the BETVAL knowledge base. The
problem domain is divided into three main contexts.
3.2.1

Securing the strength development

The first context contains knowledge about the compressive
strength class and about appropriate concreting techniques (fig.
6). First the system checks the required minimum value for the
strength class and compares it to the strength class defined by
the designer. If the strength class given by the designer is too
low the system gives a warning about this. The system queries
following faet values from the user for this purpose:
environment class,
water impermeability requirements,
frost proof requirements,
corrosion proof requirements and type of corrosive
environment and
the compressive strength class given by the designer.
Secondly the system gives recommendations about appropriate concreting techniques, such as curing, heating and heat treatment;
increasing the strength class for the ordered fresh concrete in
some cases; some general information about the use of ad.mixtures. The faet values queried from the user for this purpose are
the outdoor temperature at the building site and
the desired production cycle time (formstripping time).
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Consistency value

3.2.2

The second context contains knowledge about the consistency
value of the fresh concrete (fig. 7). The system deduces the
suitable consistency value using following faet values queried
from the user:
structure
* the type of structure
* the thickness of the structure
* the spacing between the reinforcernent bars
production equipment
* the compaction method
* the transport method for fresh concrete used on the
_building site.
3.2.3

Maximum size of aggregate

The third context contains knowledge about the maximum size of
aggregate (fig. 8). The facts influencing the choice of maximwn
aggregate size are
structure
* the type of structure
* the thickness of the structure
* the spacing between the reinforcement bars
* the desired quality of the concrete surface
environmental requirements
* water impermeability requirements
production equipment
* the compaction method
* the type of form, number of joints in the formwork
the sealing of the joints.
It may be noticed that some of the facts mentioned above
been queried in the previous contexts.
3.2.4

and
have

The report generator

The Insight 2+ system does not adequately support the generating
of summary reports in knowledge bases, which are divided into
several contexts. Therefore a procedure has been written in
Turbo Pascal to perform this task. The result displays are
stored in a cumulative ASCII-file during a consultation. When ·
the session is over, the Pascal procedure is loaded from the
knowledge base and it reads the ASCII-file to form a summary
report, which is shown on the display, printed out as a hardcopy
or both according to what the user wishes.
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3.3

The user interface

The system automatically generates queries for data input on the
basis of the faet statements in the rules. These queries mostly
consist of a series of menu-type displays, from which the user
can choose the appropriate alternative by moving the cursor with
the arrow-keys on the keyboard (fig. 9). Some faet statements in
the rules need numerical data, for which the system generates
query displays with a field for numerical input (fig. 10).
This type of data input has some disadvantages: the system
generates a great amount of queries and an experienced user may
consider this timeconsuming. On the other hand, the system acts
like a check-list, which may rnake it useful for educational
purposes.
The results from each context are shown on the display as the
inference proceeds. The results from the strength class checking
and concreting recommendations are shown as textual displays
(fig. 11) and the results of the determination of the consistency value and maximum size of aggregate are shown as barcharts (fig. 12), where the suitability of each alternative is
given by the length of the· bar.
The user interface includes explanation facilities. The user can
ask for additional information concerning a specific faet by
pressing the EXPL-key, in which caseaset of information defined by the system developer is displayed. Furthermore, the user
can ask how the system has come to a certain conclusion or why a
specific question is asked by pressing the WHY-key. This latter
explanatory information is automatically generated by the inference engine.

CONCRETE SELECTION
The system needs information about special reguirements
• Which are the special requirernents for the structure
to be cast?
• Choose froro following alternatives. You can choose
several alternatives.
A. No special environrnental requirements
~

B. Water impermeability required
C. Prost resistance required
D. Corrosion resistance required

c::J 12

After making your selections press F4 for DONE
UNKNI

13

STRTI 14 DONE!

15 EXPt.l 16 wwi?! c::J la

L

Menu for function keys on the keyboard (keys r1 ••• rlO)

Fig. 9. Example display of menu-type query.

MEwl 19 HELPI l10Ex1T!
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CONCRETE SELECTION
The system needs infon11at1on a.bout the coa,pressive strength
clsss defined by the designer

* Give compressive etrength class defined by the designer
<marked in the drawings>.
* Write only the nwneric value in the field below <not the
letter K>.

:25

\----=--------=============--!

Fig. 10. Example display of numeric-type query.

!======---========-=--====----,
CONCRETE SELECTION
COMPRESSIVE STRENGTff CLAS$ CHECK

CONTACT THE DESIGNER IMMEDIATELY
The minimum value for the con,pressive strength cle.ss e.ccording to the Environnient cle.ss and special requirements is K30. The system will use this ve.lue.
The compressive strength class given by the designer <K25> does not fulfill the
requirements.
Following requirements are set for the concrete to be ordered
• The concrete should be water impermeable
• Regarding the corrosion resistance the concrete should be sulfate resistant

Fig. 11. Example of a textual result display.
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CONCRETE SELECTION
MAXIMUM AGGREOATE SIZE SELECTION
Maximum aggregate size 8 nul\
0

Maxirown aggregate size 16 ••• 18

11111

100

Maximum aggregate size 32 nru

40
Maxirown aggregate size 64 mm

-------------------------------------------------------------------------------0

Fig. 12. Example of a bar-chartresult display.
4

CONCLUSIONS

The experiences show that it is quite possible to build feasible
small microcomputer based expert systems with the software tools
available at present. The rapidly developing software and hardware technology shows a great potential for future applications
of larger expert systems.
No full-scale system evaluations or tests have yet been performed for the system described. Some smal! tests with experienced
site foremen indicate that the BETVAL-system cannot be practically used in production in its present form, mainly due to the
faet that the knowledge contained in the knowledge base is too
shallow. What is needed is a system with much deeper and more
specific knowledge about special cases of concrete selection.
The knowledge base should be divided into smaller knowledge
bases according to type of structure. Knowledge about the economical aspects of concrete selection should also be added.
However, the BETVAL-system may be useful for educational purposes. The system works like an automated interactive checklist, which takes into account the basic aspects of ready mix
concrete selection, and this, in conjunction with the explanatory facilities provided by the system, rnakes it an ideal tutorial
tool for self-training. Presently the system is in use in one
technical school in Finland.
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