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SUMMARY

This paper illustrates the «Vulnerability Assistant» Expert System prepared for the study of ex-
isting masonry buildings in the framework of the GNDT (Italian National Group of Seismic Mitiga-
tion) activity. Its extension to reinforced concrete buildings and historical churches is also di-
scussed. Finally the paper emphasized the inadequacy of the present commercial «shells» in
dealing with uncertainty and shows how this can be obviated by building additional rules into
the decisional process.

RESUME

Cet article concerne le systéme expert «Vulnerability Assistant»> développé pour I'étude de la
vulnérabilité des batiments en brigues, sous le patronage du GNDT (le Groupe National Iltalien
pour la Prévention Sismique). L’extension a des batiments, en béton arme et aux eglises clas-
sées monuments historiques est discutée. Les difficultés a étudier les aspects aléatoires du pro-
bleme sont examinées.

ZUSAMMENFASSUNG

Der Artikel beschreibt das Expertensystem «Vulnerability Assistant» zur Ermittlung der Erdbe-
bengefahrdung von Mauerwerkgebauden der italienischen nationalen Gruppe fir Erdbeben-
wesen (GNDT). Die Ausdehnung auf Stahlbetongebaude und historische Kirchen wird ebenfalls
besprochen. Abschliessend werden die Mangel bestehender kommerzielier «Shelis» zur
Behandlung von Unsicherheiten erlautert und es wird gezeigt, wie diese durch den Einbau zu-
satzlicher Bedingungen in den Entscheidungsprozess behoben werden kénnen.
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1. INTRODUCTION

Existing structures come out to be the main object of safety evaluations during
the Eighties. A valuable review of the early literature published on this topic
in the United States can be found in Ref. [1l]. Several investigations were also
conducted in Europe, where, however, each single country focused attention on
different kinds of buildings and, for them, established its own approach to the
problem [2][3][4]. 0ld villages and monumental areas were and are the main
object of the studies developed in Italy. Nuclear power plant facilities are
deeply studied in Germany while North Sea Countries are investing many research
resources in the analysis of offshore platforms. A synthetic review of problems
and approaches is provided in the book quoted as Ref. [5]. This book, however,
is mainly devoted to structural vulnerability assessment. By combining this
aspect with site hazard and structural exposure the inherent risk can be
evaluated.

As J.Yao state in the preface to his book [1], "much of the decision-making
process has depended on each engineer's experience, intuition and judgement...
To help understand how experts summarize and interpret results of measurements,
inspection and analyses in reaching their decision concerning structural safety,
the application of rule-inference methods'" must be '"reviewed and discussed". The
strict connection with the Artificial Intelligence {AI) world became evident
soon. Books as the one by Rich [6], among others, opended, to scientists
operating outside Computer Sciences departments, the progresses in knowledge
representation and in advanced problem - solving systems.
¥

Several research groups of civil engineers became immediately active on this
topic. The reader is referred to the special book edited by M.L.Maher [7] for a
non specialistic introduction to the basic concepts of expert system theory and,
mainly, for a systematization of thelr use in civil engineering. In particular
expert system applications are categorized into five different fields:

- ' applications in Structural Engineering (reviewed by M.L.Maher in Ref. [7]);

- applications in Geothechnical Engineering (reviewed by T.J.Siller in Ref.
[71);

- applications in Construction (reviewed by R.E.Levitt in Ref. [7]);

= applications in Environmental Engineering (reviewed by L.A.Rossman and
T.J.Siller in Ref. [71);

i applications in Transportation Engineering (reviewed by S.G.Ritchie and
R.A.Harris in Ref.[7]);

Of course, safety evaluations of existing structures belong to the first group,
where at least five further classes can be distinguished;

= applications to materials (welding and weld defect advisors);

= applications in code checking

- applications to structural design

- applications to diagnosis

- applications to analysis problems, as the safety analysis of existing
structures this paper is considering.

The experience of the authors is limited to problems of analysis and, in
particular, of seismic risk analysis. They were in Stanford in the pioneering
period, and started '"to play" with expert systems shells as "DECIDING FACTOR"
[8] or MINSIGHT" [9] in a context where the different aspects of ground motion,
structural vulnerability and social impact of potential damage were
simultaneously considered [10]. After that the Stanford's research group
oriented itself to problems wider and wider by building the expert system IRAS
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[11]. It includes not only earth science, seismology, geology and structural
engineering, but also risk management, planning, insurance/ banking profession
and facility management. By contrast, the authors concentrated their attention
on the narrower field of seismic vulnerability [12][13][14]. The National Center
for Earthquake Engineering Research (NCEER) is presently pursuing the same
objective .in the US [15][16]. ‘

2. A VULNERABILITY ASSISTANT FOR DATA COLLECTION

2.1. The masonry vulnerability form

Benedetti and Petrini [2] proposed, a method of classifying masonry buildings in
Italian seismic areas, which makes use of a numerical wvalue, called the
"vulnerability index'. It represents the seismic quality of each building and is
obtained as a weighted sum of some numerical values expressing the seismic
quality of structural and non-structural elements. The items with which
numerical values must be associated were reduced to eleven as summarized in the
form of figure 1 ("Level 2 Vulnerability Form"). The elements can be either of
descriptive nature or of evaluative nature. The first group is formed by the
"resistant system quality" (item 2 in figure 1), - the morphological
"configurations" (item 6 and 7 in figure 1), the structural typology (items 5
and 9 in figure 1) and the status descriptions (items 10 and 11 in figure 1).
"Building quality" (itém 1 in figure 1), "conventional resistance" ( i.e. item 3
in figure 1: "the total shear strength" is estimated by the approximate formula
at the top of the right column of figure 1), "building site' (item 4 in figure
1) and '"interwall distance" (item 8 in figure 1) are the components of the
second group.

Appropriate field investigations must be planned for evaluating all these
elements. The operators must follow detailed rules and instructions [17]
prepared in order to minimize the discrepancies among surveyors. For this
purpose, the operator must provide answers to some questions which are regarded
as "evaluation elements" (second column from right in figure 1). The answers are
then combined to assign the item under discussion to a class. Class A indicates
situations that are in agreement with the prescriptions of the Italian seismic
code. Class D characterizes the unsafe configurations.

Each answer is accompanied by the degree of confidence on it. The operator can
select among four different classes of quality of the information: E (high
quality), M (average), B(low quality) and A (operator's guess).

Four lines of development, from this background, were identified in the context
of GNDT (the Italian National Group of Seismic Mitigationm):

1) to automatize the operations of data collection by building a software
capable of running on portable ("lap-top") personal computers;

2) to extend the expertise and, hence, the AI approach to other classes of
buildings;

3) to improve the way by which uncertainty is treated in the vulnerability
assessment process;

4) to improve the vulnerability form by -gathering together a greater
quantity of elements and by exploiting the computational capabilities of
portable personal computers. For instance, the data necessary for a parameter
identification process can be collected. The values of the parameters are then
evaluated and an analytical model is builts on them. The decision making process
can eventually include the indications of the model [13].
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Figure 1 - Form for the level - 2 vulnerability assessment of masonry buildings,

from Ref. [2]. For sake of clearness, the eleven items can be
summarized as follows:
1) builiding quality; 2) resistant system gquality; 3) conventional
resistance; 4) building site; 5) horizontal element features; 6) plan
configuration; 7) vertical configuration; 8) interwall distance; 9)
roof type; 10) nonstructural elements; 11) actual state (maintenance
conditions).

Figure 2 - Main form for the level - 2 vulnerability assessment of reinforced

concrete building, from Ref. [17]. For sake of clearness, the eight
items on it can be summarized as follows:
1) building quality; 2) resistant system technology; 3) building site;
4) horizontal element features; 5) vertical configuration; 6) roof
type; 7) material and construction quality; 8) actual state
{maintenance conditions).

2.2, A "Vulnerability Assistant' expert system

The short presentation of Sub-Section 2.1 shows that the data collection cannot
be automatized by algorithmic computer codes since they are unable to account
for the descriptive {(qualitative) elements. Non-algorithmic (linguistic)
procedures (expert systems) are therefore required in order to implement a
"Level 2 Vulnerability Assistant" software. On the other hand the presence of
algorithmic steps (see the approximate formula of item 3 in figure 1) makes
unsatisfactory the first generation of expert systems. They, in fact, were not
able to alternate qualitative and quantitative steps (see [12] and [18] among
others).

A particular shell of the second generation running also over (portable)
personal computers is the INSIGHT 2+ [9]. It was used by Faravelli [19] for
building her "Masonry Vulnerability Assistant" prototype of expert system.

A consultation can be described as follows:

= the operator is asked to select the item to be considered in the form of
figure 1;

- the operator is then required to provide the evaluation elements specified
in the second column of the form for the row (item) he selected. The
process stops when the inference process reaches a conclusion (i.e.
provides the class (A, B, C or D) to which the building under investigation
belongs; .

& some questions require an illustration is dispayed. This is obtained by the
"explain" help facility, which can be activated for the following items:
plan configuration, vertical configuration and roof type (see the third
column in figure 1);

- to estabilish the conventional resistance means to collect the data listed
at the top of the third column in figure 1. These data are then
automatically combined in the formula there specified, whose result leads
to the aimed classification;

- when all the items have been considered, the appropriateée numerical wvalues
are associated with each of them, as well as the corresponding weights,
and the numerical estimate of the vulnerability index is found.

The resulting number will represent that building in successive statistical
studies, cost-benefit analyses of retrofitting and so on.
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3. EXTENSION TO DIFFERENT TYPOLOGIES OF BUILDINGS

3.1 Reinforced concrete buildings

The expertise on reinforced concrete buildings led to propose the form of figure
2. It should be completed by two additional groups of sheets., The <first set
concerns the configuration plan and the second the vertical structures. The
square brackets are reserved to a specification of the quality of the
information (again by one of the four letters E, M, B, A).

There is one main difference between the forms in figure 1 and 2. The form of
figure 1 aims to collect data in order to select an answer among 4 classes (A,
B, C and D). The form of figure 2 only aims to collect data, the conclusion
being delayed to a successive stage. The translation of this second form in a
data-collection expert-system is therefore simplified since the inference part
can be missed. However, the consultation becomes much more tedious, since all
the questions must be answered. There are not branches for which the
investigation is shortened as it occurs for the form of figure 1 when a
conclusion (the assignement to a class) is reached.

Nevertheless, the expert system will have in this case, an additional task. The

check of conflicts between answers, in fact, will give the analyser a complete
confidence in the data he is collecting.

r__[SINGLE NAVE

SEVERAL NAVES - LATERAL NAVES

—— APSE/I
— TRANSEPT

— BELL TOWER

— DOME-SPIRE COMPLEX

- VERTICAL STRUCTURES
—— DETAILS AND REVETMENTS

——— NON STRUCTURAL ELEMENTS

*—— DAMAGE

Figure 3 - The set of forms, and their links, to be filled for a "Vulnerability
and Damage Assessment" of churches [21].



104 UNCERTAINTY TREATMENT IN A VULNERABILITY-ASSISTANT EXPERT-SYSTEM

3.2. Churches

After the earthquakes of 1976 in Friuli and 1980 in Southern Italy, several
resources were invested, in Italy, in the assessment of the vulnerability of the
churches. The expertise was converted into a set of forms; rather than a single
form, due to the non uniform and composite nature of this kind of buildings (see
figure 3).

The main form requires elements of the map configuration, a defintion of the
building site and a list of structural components which form the church (naves,
apse, transept ...). Each of these components, then, is the object of a separate
form. A graphical illustration is also required.

As for reinforced concrete buildings, the form aims to collect data rather than
to assess church vulnerability. However, three main differences must be
emphasized:

1) the answers are not all of Boclean nature (either 0 or 1) but often one
has to identify the most appropriate among several classes proposed. For
instance, the dome structure can be in wood (class 1), in steel (class 2) 1in
masonry or stones (class 3) or other material (class 4): an expert system
approach to such a form of data collection comes out to be very convenient;

2) the interaction between qualitative/quantitative descritptions and
graphical illustrations leads to extend the capacities of the expert system to
offer also drawing and sketching options;

3) the specification of the quality of information is missed in order to
simplify a form already complex. The adoption of an expert system policy would
obviate this inconvenience without additional efforts for the operator.

4. UNCERTAINTY TREATMENT

The expert system prototype which was presented in [19] provides the resulting
classification (first column from the left in figure 1) for the item under
investigation. It also gives the quality of the information (second column)
which led to this classification. This quality is expressed by the resulting
confidence measure. A number in the range (0,100) substitutes therefore the
naive concept codified in [17] of four different degrees of confidence (E, M, B
and A)}.

This 'confidence measure" is a weak point of commercial shells, as INSIGHT2+
is. The reason is that the confidence calculations are driven directly by the
inference engine. In other words the expert who builds the knowledge base is
unable to interact with the uncertainty treatment. For instance, a conclusion is
reached when the confidence on it is greater than a value fixed by the expert,
but no mention 1is made on the likelihood of alternative events which can
significantly influence the deductive process.

Unsatisfactory conclusions are prevented by building inside the knowledge base a
logic treatment of uncertainty. This is made by additional rules which condition
the inference engine process. The expert system prototype proposed in [19]
should therefore be modified to provide, for each item, the probability of
belonging to class A, B, C or D. Probability has not any frequentist meaning,
but is only a degree of belief. At the end of the consultation, the probability
mass function of the vulnerability index and some central measures can be
computed.
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In view of the extensions discussed in Section 3, there is not reason of
combining the degrees of confidence the operator assigns to each answer. The
forms relevant to reinforced concrete buildings and churches, in fact, are tools
of data collection rather than deductive systems. However, since the expertise
is still in evolution, the basic problem here is to select, among the possible
uncertainty measures, the one which better represents the deductive chain of
that field. A fascinating approach, for instance, interacts with the operator by
using Bayesian concepts in the attempt of reaching, during the consultation, the
best quality of information. Developments in this direction are presently in
progress.

5. CONCLUSIONS

This paper illustrates the expert system prototype built in order to facilitate
the seismic vulnerability of existing building according te Italian expertise.
Unfortunately, the way of treating the uncertainty of commercial second
generation shells 1is still elementary. This inconvenience can be obviated by
building a more sophisticated scheme of uncertainty treatment by means of
additional rules without shell modifications. However, this does not exclude
that the production of an "ad hoc" shell, even elementary in its inference
process, may result more efficient in view of the seismic prevention of existing
buildings. This possibility should be carefully checked before the policy of
dealing with uncertainty is selected among the ones compatible with the expert
system shell in use.
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