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One of the objectives of SHRP re-
search conducted in the concrete
and structures technical area was
to improve concrete technology,
primarily for pavements. Contract
C-206, Optimization of Highway
Concrete Technology, included
the development of an expert sys-
tem for highway concrete activi-
ties. The effort resulted in
HWYCON (SHRP product 2039)
which is an operational and com-
puterized knowledge-based sys-
tem. This brief is intended to help
interested practitioners evaluate
the system, and it includes some
comments on the software with
excerpts from the HWYCON docu-
mentation, Users Guide to the
Highway Concrete (HWYCON) Ex-
pert System (SHRP-C-406).

To install the software, provided
on diskettes with SHRP report C-
406, a 386 or 486 computer with
a minimum of 4 megabytes of
memory and 20 megabytes of free
disk space are required. A mouse
and Windows 3.1 are needed to
run HWYCON.

SUMMARY

HWYCON is designed to assist
highway department staff in three
main areas and these are:

1) diagnostics: distress identifi-
cation and causes of dis-
tress(es) in highway pave-
ments and structures,

2) materials selection: the selec-
tion of materials for con-
struction and reconstruction,
and

3) repair and rehabilitation: rec-
ommendations on materials
and procedures for concrete
pavement repair and reha-
bilitation.

Figure 1 – HWYCON Subsystems and Users



To accomplish this, the expert
system is organized in five mod-
ules or subsystems, and these are
depicted in Figure 1, along with
the target audience for each. More
discussion of the individual sub-
systems is provided in a sub-
sequent section.

All five modules follow a question-
and-answer format in which the
system prompts the user for an-
swers to a series of questions
about materials, construction
type, or distress characteristics.
In many cases, the user can
choose to view photographs or
drawings to assist in answering
the questions. Explanations are
offered in some cases as to why
the requested information is im-
portant. Finally, the system pro-
vides a final recommendation or
diagnosis based on the responses
to the questions. It should be
noted that the questions and an-
swers are purely descriptive and
no numerical analysis is con-
ducted by the system. In the ab-
sence of sufficient information the
system may recommend further
tests be conducted before a con-
clusion can be reached.

HWYCON’s menu-driven format is
easy to follow and use, however,
the documentation provided with
the software is not very well writ-
ten. Although the manual is titled
a Users’ Guide, no tutorials or in-
structions for use beyond installa-
tion are included. Nonetheless,
the system is self-explanatory and
largely self-teaching.

The expert system is easy to use
but the subject matter may have
been over-simplified. The authors
of the work acknowledge that
HWYCON will be most useful to
beginning engineers and inspec-
tors which suggests that the

scope of the software is limited. It
is questionable whether the com-
puterized system provides any
great benefits beyond that which
could be provided by a series of
flow charts or tree diagrams.
However, the use of digitized pho-
tographs and drawings in HWY-
CON is attractive and informative.

Finally, it should be noted that
HWYCON is still in the prototype
stage and it is not without minor
programming flaws. For example,
within CONSTRUC-D (Bridge
Decks) it is possible to enter an
endless loop between two screens
from which there is no legitimate
exit. Nonetheless, the system is
sufficiently easy and quick to use
that aborting from such proce-
dures does not represent a tre-
mendous loss of time or effort.

The following paragraphs are ex-
cerpts of relevant information
from the HWYCON documentation
about the system modules and
knowledge domain.

KNOWLEDGE DOMAIN

A fundamental component of an
expert system is the knowledge
domain, or what is known about
the subject area. The knowledge
base for HWYCON was developed
using what was considered to be
the best sources available during
the development period. Every ef-
fort was made to incorporate
SHRP-developed technology in the
HWYCON system. In some cases
this was difficult because the de-
velopment of the other SHRP
products and the expert system
were taking place at the same
time. In the absence of SHRP-de-
veloped knowledge, knowledge
from leading industry organiza-
tions and state departments of
transportation (DOTs) was used.

In each case the knowledge was
tested by the development team
and other experts to ensure that it
represented the most reliable and
applicable information available.
The process of knowledge acquisi-
tion consisted of the following ac-
tivities:

1) literature searches,

2) interviews with concrete
experts,

3) interviews with state depart-
ments of transportation,

4) SHRP Expert Task Group
(ETG) meetings,

5) review of published guide-
lines, standards, and
practices, and

6) interviews with SHRP
project investigators.

An important factor in developing
any expert system is the need to
limit its scope. Expert systems
often fail because the scope of the
system is too broad. A more suc-
cessful approach is to develop a
system that accomplishes well-de-
fined goals initially and allows for
the addition of new knowledge as
it becomes available or as the sys-
tem matures. HWYCON was de-
veloped with these basic
principles in mind. The system
tends to have more breadth than
depth in some areas. The subsys-
tem on materials selection is con-
sidered to be comprehensive in its
scope. However, other areas may
lack depth because more detailed
knowledge on a topic was not
readily available.

HWYCON is not intended to re-
place the high-level expert. It is
considered a decision-making
tool, and there will be solution
sets that it cannot handle. It will
be useful for staff with knowledge
levels for beginner to mid level. A

2



consensus developed during the
review of the HWYCON prototypes
that the system would be particu-
larly useful for new inspectors
and engineers.

SUBSYSTEMS

The primary focus of HWYCON is
on concrete pavements, and
knowledge on that subject is rep-
resented in three subsystems,
CONPAV-D, CONMAT, and CON-
PAV-R. Knowledge related to high-
way concrete structures is
represented in CONSTRUC-D (one
module for bridge decks and one
for substructural elements in-
cluding bridge columns, piers,
and parapet walls).

Each of HWYCON’s five subsys-
tems is designed to be used sepa-

rately, but it is suggested that in-
formation obtained from one sub-
system can be used in another.
For example, information from the
diagnostics modules can assist in
the design of durable replacement
material or the proper rehabilita-
tion method.

DIAGNOSTICS

The CONPAV-D and CONSTRUC-
D subsystems represent the diag-
nostic component of HWYCON.
They are designed to identify dis-
tresses and make conclusions
about the cause(s) of the dis-
tresses. Figures 2 through 4 show
the types of structures and pave-
ments covered by each of the sub-
systems as well as the
information required to diagnose
the distresses.

The approach taken by the expert
system mimics that of an expert
in diagnosing a distress. HWY-
CON queries the user for informa-
tion on the type of structure and
distress (i.e., cracking in a pave-
ment, spalling of a bridge deck),
the location of the distress and
exposure conditions. A session
may involve questions related to
the constituents and composition
of the concrete, the type of aggre-
gate involved or the aggregate’s
history in relation to known cases
of reactivity. Examples of the
questions and field inspection
sheets are included in Appendix A
of the Users’ Guide. At this time
HWYCON evaluates distresses in-
dividually and there is no provi-
sion to make conclusions in
situations that involve multiple

Figure 3 – Diagram of the CONSTRUC-D
Subsystem for Substructures

Figure 2 – Diagram of the CONSTRUC-D
Subsystem for Bridge Decks

3



causes or distresses that occur si-
multaneously at one location.

SELECTION OF MATERIALS
FOR CONSTRUCTION AND
RECONSTRUCTION

Designing concrete to perform
satisfactorily in adverse environ-
ments requires knowledge about
the anticipated exposure condi-
tion, accepted and proven meth-
ods for specifying the amount and

performance of constituents, and
specifications for the production
and placement of the concrete,
such as desired opening times.
CONMAT gives recommendations
on the design of concrete for four
areas of durability and includes
knowledge on three methods. The
durability areas include:

1) corrosion of reinforcing steel,

2) sulfate attack,

3) freezing and thawing actions,
and

4) alkali-aggregate reactions.

The methods represented in the
knowledge base include recycling
concrete, permeable bases, and
fast track concrete. These are
shown in Figure 5.

Materials durability knowledge in-
cluded in CONMAT closely paral-
lels the Guide to Durable

Figure 4 – Diagram of the CONPAV-D Subsystem
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Concrete published by the Ameri-
can Concrete Institute. This docu-
ment served as the basis for
developing the knowledge. New
knowledge from other SHRP pro-
jects on freezing and thawing ac-
tions and alkali-aggregate
reactivity was also included in the
subsystem, along with knowledge
from high-level experts in the field
of concrete durability.

REPAIR AND REHABILITATION
OF CONCRETE PAVEMENTS

The HWYCON subsystem CON-
PAV-R gives recommendations on
the selection of materials and pro-
cedures for the repair and reha-
bilitation of concrete pavements.
The program assumes that the
procedure has already been cho-
sen. The procedures covered in
CONPAV-R include bonded and
unbonded overlays, full and par-

tial depth repairs, and diamond
grinding and milling, as shown in
Figure 6. CONPAV-R gives recom-
mendations on materials and
steps for performing the proce-
dure. The operation of CONPAV-R
involves the user specifying
whether information is needed on
procedures or materials.

CONCLUDING REMARKS

It should be noted that HWY-
CON’s conclusions and recom-
mendations are meant to be used
as a decision-making tool. The
recommendations are based on
the responses from the user and
the final responsibility for the de-
cision still lies with the user. Al-
though the system contains
high-level information, it is impor-
tant to understand that variations
can occur in the perception of the
structures’ performance and con-
dition. The misstatement of the

observer or absence of informa-

Figure 6 – Diagram of the CONPAV-R Subsystem

Figure 5 – Diagram of the CONMAT Subsystem
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tion may make a recommendation
invalid.

The object oriented architecture of
the system and the development
tools allow new knowledge to be
added. Modifications can be made
to the system’s operation more
easily than with most expert sys-
tems that have been developed.
This is important to prevent ex-
pert systems from becoming obso-
lete. Specific items for future
enhancements were identified
that would make HWYCON more
comprehensive and useful to
highway department staff.

For example, causes of distress
often involve non-materials re-
lated factors. Other distress types
could be added to include those
dealing with interactions between
concrete and the soil, and struc-
turally induced cracks in concrete
pavement. New knowledge devel-
oped in other SHRP projects
which addressed the corrosion of
reinforcing steel in bridge decks
may be important additions to
HWYCON.

Other knowledge developed in the
SHRP project on high perform-
ance concrete could be included

in the CONMAT selection of mate-
rials module. Also, intrinsic mate-
rials-related problems, including
plastic shrinkage and thermal
cracking, could be added to CON-
MAT. The CONPAV-R subsystem
assumes that the user has al-
ready selected the procedure to be
used. This subsystem could be
enhanced to give recommenda-
tions on the selection of the repair
method based on the cause and
the density of the distress, and
this would be a very powerful fea-
ture.
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