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ABSTRACT:
The knowledge-base of the new AMADEUS is reconstructed through the use of the Fuzzy Set Theory, that permits to formalize the procedures in a non-deterministic way. The uncertainty and the imprecision of the gathered data are managed with techniques typical to Fuzzy Logic. Moreover, the System permits the user to modify the same knowledge-base or to insert new bases and to use then the most appropriate one in specific situations. The gathered data, as well as the results of the evaluations, are loaded on data-bases and they can be used successively for further elaborations and/or new evaluations with different knowledge-bases.

1 INTRODUCTION

After an earthquake strikes a populated area, a large number of buildings suffer damages of various degrees of gravity, possibly leading to the total collapse of the structure. Building officials are then faced with chaotic and confusing circumstances during which they have to make quick and reliable judgments assessing the damage degree, the safety, and the usability of these buildings. This operation is referred to as Emergency Post Earthquake Damage Assessment (EPEDA). It consists in a quick reconnaissance of the buildings in the area hit by an earthquake to determine whether they can still assume the functions they had been designed for, without a substantial change in the safety conditions that existed before the seism. 

The primary purpose of the emergency damage inspection is to save human lives and prevent injuries by identifying buildings that have been weakened by the earthquake and are therefore threatened by subsequent aftershocks. The other important objective of this operation is to avoid unnecessary waste of resources and additional human suffering by identifying habitable and easily repairable buildings, and hence reduce the number of homeless people and the economic cost of the disaster.

Unfortunately, after an earthquake the demand on building experts often exceeds by far their availability. In many instances, not experienced engineers and poorly, if at all trained technicians are assigned to this difficult task without specific criteria about what to do and how to decide.

Due to the importance and to the extent of the problem, official institutions in highly seismic regions, like Italy, have been recently concerned with the issue of EPEDA. Within the National Group for the Earthquake Loss Reduction, has been developed a questionnaire accompanied by a set of instructions and guidelines on how to proceed in the assessment [06]. The guidelines suggest a number of steps to take during the inspection, and propose a way to reach the final decision. The methodology presented is the result of the experiences acquired through the various earthquake events that have struck Italy during the past many years, and of an effort to structure the process through which the assessment is reached.

This effort is tentative and exploratory, and it is open to improvements as more knowledge becomes available. It is an attempt to define the criteria behind the condition assessment and to present them in a logical and useful format to the building inspector. However, this questionnaire and the accompanying set of guidelines present a rigid and unfriendly platform of work, especially given the emergency conditions that follow an earthquake and the associated time pressure. The problem then consists not only in developing a methodology that captures and structures the reasoning of recognized experts in the area, but also, and as importantly, in finding a flexible and transparent medium of transfer of the gathered and structured expertise to the unexperienced building inspector.

Traditional computer techniques have often provided engineering problems with efficient and fast solutions. However, as pointed out in previous sections, the problem at hand is difficult and complex mostly due to the nature of the knowledge involved which still is, in part, an art, and for which traditional procedural and algorithmic computer techniques have proven to be inadequate. The field of Artificial Intelligence has developed a series of tools for dealing with such problems. The resulting computer systems can very effectively manipulate symbolic data and qualitative measures, and are also able, to a certain extent, to mimic human reasoning. Empirical and experience-based knowledge together with procedural knowledge, can efficiently be encoded in such systems, providing a useful product. These systems are known as Expert Systems or more generally as Knowledge Based Systems.

A portable, interactive, knowledge based system for assisting unexperienced engineers or technicians during the emergency condition assessment, would be a good answer to the problem of expertise-transfer, mentioned earlier. Such a system would encode the methodology followed by experts in the field and make it available to profanes. To demonstrate the feasibility and the potentiality of such a system, AMADEUS, a Knowledge Based System for assisting building inspectors during the emergency post earthquake damage assessment, was developed.

The first version of AMADEUS was realized in 1989 [12, 13, 14]. It was simply a prototype and various later circumstances have consented to formulate proposals of methodological, informatic and operative improvement. As a matter of fact, during the last four years:

- it has been possible to carry out applications on sight, on the occasion of the earthquake of Santa Lucia (1990) in Sicily, operating in particular in the town of Augusta;

- an American procedure for damage assessments set up by the well-known Association ATC has been published and exposed in [17];

- it has become particularly interesting and productive to use the Fuzzy Set Theory that consents a richer and more conscious definition of uncertainties the operator meets, offering then, in the phase of data processing, the opportunity to combine and "project" the uncertainties about the data to uncertainties about the effects in a sufficiently clear and measurable way;
  - a critical survey of the procedure as a whole has consented to single out and separate more clearly the different aspects of the same: 
  - aspects regarding which parameters to examine and more in general how to carry out the surveys preliminary to decisions;

- aspect concerning the collection of information in the Data Base;

- criteria to set on the base of the decisions, keeping in mind the relevant Code.

So, the whole logic of the Expert System has been checked and then, for the implementation of the System, the previously used Shell has been rejected and the utilization of PROLOG language, together with some procedures in CLIPPER, has been preferred.

2 PROPOSED METHODOLOGY

The presented methodology is described in detail in reference [06]. It is characterized by an attempt to better define the loads of reference, i.e., the loads for which the building is considered to be safe, and by an effort to provide a uniform assessment of the safety of the buildings. At first glance, the notion of loads of reference may seem trivial, but in fact, is not surroundings. Some risk concepts are associated with these elements: the structural risk, including the geotechnical risk, and the complementary risk, including the non structural and external risk; in addition, a level of induced risk which is related to the danger induced by the building on its surrounding is defined. These risks, in turn, are evaluated through a consistent procedure. This process mainly involves qualitative data, generally obtained through guided visual inspections or through some official communications.

The structural risk evaluation is the central operation of this condition assessment procedure. It quantifies the actual or incipient hazards associated with the load carrying components, both vertical and horizontal, of the building. The level of structural risk depends on the geotechnical risk, on the integrity of the structural system (or damage degree), on the level of the seismic test endured by the building, on the forecast of subsequent afterschocks, and on the structural consistency (or vulnerability) of the building.

The geotechnical risk quantifies the hazards associated with, the soil conditions, the soil damage, and the type of foundations. A geotechnical risk valued between medium-high and very high will be a decisive negative decision factor in the global risk evaluation. In the cases where the damage to the soil under or around the building, or to the foundation system exists but is not excessive, the geotechnical risk will be a worsening factor for the determination of the global risk, and consequently, of the usability decision.

The structural damage, which is usually the only criterion considered in the usability decision process can vary, in this formulation, along six discrete levels of gravity, going from "no observed damage" to "total collapse of the structure". For different kind of  structures, the system assists the user in assessing the level of damage: for masonry and reinforced concrete structures the system offers detailed description of crushing and cracking, of their position and of their spread; for steal structure it describes the particular kind of damages that may be found.

The level of the seismic test endured by the structure depends on the intensity and magnitude of the earthquake, the position of the building with respect to the epicentral area, and the maximum historical shock in the area. This concept is an important factor in the determination of the structural risk level for the cases where the observed structural damage is not high enough to directly dictate the evacuation of the building.

The aftershock forecast is an important factor for the usability decision. It should be the object of seismological studies, and given officially, prior to the inspections, to the personnel concerned with these investigations.

In the present evaluation procedure, the vulnerability is qualitatively based on typology; in the future it should be the object of more thorough investigations. The vulnerability becomes important when the aftershocks are expected to be comparable to the main shock.

The structural risk determination shows a clear attempt to rationalize the EPEDA, and to gain some insight in the behavior of buildings in the unusual environment created by the early post earthquake conditions. It also is a good illustration of the underlying reasoning process. For example, if the damage level is evaluated to be medium then there is no need to consider the vulnerability level of the structure. On the contrary, if the damage is light and if there is a high probability that the seismic crisis is not over yet (possibility of occurrence of strong aftershocks), then the Vulnerability of the building plays an important role in the determination of the structural risk level.

The complementary risk quantifies the hazards associated with sources other than the pre-cited ones. The complementary risk depends on the level of the non-structural risk and on the nature of the external risk.

Although the main cause of risk for a building subjected to seismic action is the possibility of a structural collapse, the heavy stresses can also cause damages to non  structural elements creating so a possible danger for the persons.

The non structural risk depends on the possible fall of more of less  consistent fragments of non structural elements and on dangers resulting from damages to installations.

As to the evaluation of the external risk, instead, you should consider damages and consequent dangers outside the building in question, induced on the contiguous buildings and on the passageways.

Presently, it is a widespread idea that the damage state of the building is the only important decisional criterion for the usability. Therefore, the structures having slight or no damage subsequent to the earthquake, are declared to be habitable. This rule implicitly assumes the loads of reference to be the just-happening earthquake, and thereby neglects possible stronger aftershocks. Moreover, basing the usability decision on the visible amount of damage exclusively, is a poor approach and an incomplete strategy. The insufficiency of this rule of thumb becomes conspicuous in the doubtful cases, where observable damages of various degrees of gravity have occurred due to the earthquake: a large dispersion of the usability decision has been noted in most historical cases. To overcome these limitations, the present methodology proposed to consider as reference loads - where possible - the seismic loads associated to the expected aftershocks for the area in consideration. The available information about the strength of the earthquake, the possible sequence of aftershocks, the position of the building inspected with respect to the epicenter, and the earthquake history of the site are used to assess whether the building is potentially exposed to severe loading during possible aftershocks.

Another important issue which is, as of yet, left to the personal judgment of the building inspector, is the definition of appropriate levels of safety. In the design of new constructions, these levels are regulated by official texts for the various types of structures, insuring uniformity and well considered safety. However, in the emergency post earthquake damage assessment, it is the inspector who, implicitly, chooses some level of safety. For example, the inspector can declare a building "to be evacuated" after having observed slight structural damages, in which case he is taking too high a level of safety; conversely, he can declare a building to be habitable after having reported a medium-to-high level of damage to the structure, in which case he can be taking excessive risk. This policy puts additional weight on the building inspectors and results in a prevailing non-uniformity of the assessments. There is, therefore, a need for the creation of a template for decision making to uniformly guide the inspectors in their usability assessment. Moreover, since these guidelines will be partly based on the observed conditions of and around the building, an additional set of guidelines, insuring uniformity of the quantification of these conditions, is needed. The present methodology addresses these two questions and offers a more informative way of proceeding.

3 AMADEUS 3.0 

3.1 Types of uncertainty

In the new version of AMADEUS the Fuzzy Set Theory is used for the management of uncertainty. The latter can be characterized by three aspects, all present in the domain represented in AMADEUS.

Incompleteness of information: to reason within the knowledge of the domain on which the Expert System AMADEUS 3.0 is based, implies the construction of decisional processes also when only partial information on the object in question are at disposal. That is why it can happen that the definition of a unique causal process explaining the observations carried out is not possible. In such situations, of incompleteness of information, we can formulate a certain number of hypotheses and each of these latter can explain all or some pieces of information obtained. In the most difficult cases the System can renounce to make a decision.

Uncertainty: the domain on which AMADEUS 3.0 operates is also characterized by uncertainty about the data as well as about the concepts the same expert has in possession a priori. In fact, often it is impossible to affirm that a given datum, or a given knowledge, is absolutely true, as, for instance, in the case of the datum expressing the type of soil where a given building is situated and the importance of the same in determining the geotechnical risk.

Imprecision: finally you should consider the imprecision, which, also, can characterize both the data and the knowledge of the domain. For instance, you can define vague the datum reporting the macroseismic intensity of expected  aftershocks, or the evaluation of the intensity of the shock, that could be defined, for instance: "very high".

3.2 The Fuzzy Set Theory

The use of the Fuzzy Set Theory has permitted the utilization: 
- of natural language, in the realization of the user-interface; 
- of linguistic variables, for the definition of notions, concepts, truth values;

- fuzzy relations;

- fuzzy numbers;

- fuzzy modifiers.

Moreover,in some parts of the System, heuristic production rules based on Plausible Reasoning have been used. Plausible Reasoning is based on symbolic elaboration of information. It consists simply in deducing conclusions from facts that appear to be correct, that is to say connecting the identity of symbols in implication and in conclusion.

3.3 Approximate Reasoning 

AMADEUS 3.0 is based, mainly, on semantic elaboration of information, which is made possible by the use of Fuzzy Set Theory, and it is realized by means of Approximate Reasoning.

Approximate Reasoning is based on the concept that a fact is considered as an evaluation and a rule is considered as an elaboration of evaluations. Approximate Reasoning has the means to represent both the propositions of natural language in a form intelligible to a machine and the methodology to carry out inferences from the above information.

According to the theory of Approximate Reasoning the application of inference rules to information in natural language, translated in fuzzy sets, produces other fuzzy sets, that, retranslated in linguistic values, takes back to approximate consequences of the original premises.

In decisional processes the following methods of Approximate Reasoning have been used:

- fuzzy logic;

- compositional rule of inference;

- vertex method;

- linguistic approximation.

3.4 Updating of the System

3.4.1 Updating of the knowledge base

The Expert System Amadeus 3.0 has an updating module that offers the possibility to intervene within the same knowledge base, making possible modifications considered necessary in different situations or contexts.

The module permits the following operations:

- addition of new rules,

- removal of existing rules,

- modification of existing rules,

- creation of new knowledge bases.

If different knowledge bases are at disposal, the user can, while activating the Expert System, choose the one he intends to apply in the current session.

When a knowledge base is modified, or a new one is created, the System activates a control module that checks the internal consistence of the whole knowledge base: If the consistence were not respected, the modifications, or the new knowledge base, wouldn't be accepted.

3.4.2 Updating of the Help-System

For Amadeus 3.0 we have realized a system that includes the functions generally definable as HELP, and the functions proper to Explanation-System. Such a system is constructed on three levels:

- explanations referable to the "screen": to questions the System makes, to menu, etc.,

- information about the System and about the domain,

- explanation and illustration of decisional processes carried out.

Through the module that updates the general System it is possible to retrieve the texts used by the Help-System modifying them, in case.

3.5 The data-base

AMADEUS 3.0 can be activated to survey the data directly on the field and to carry out with them immediately the usability assessment as well as to evaluate data coming from external files.

The information gathered on field, together with the evaluations of the System, can be recorded directly on DBF format files. This permits that the evaluations of the System can be repeated on the same data, or on data modified or updated after their survey, as well as on data elaborated "ad hoc" for simulations.

The above operations are managed by a DBMS (Data-Base Management System) included in the System and implemented in CLIPPER.

4 CONCLUSION

The philosophy at the base of AMADEUS 3.0 is that of considering as far as possible the qualitative and not deterministic, sometimes even ambiguous, nature of reality that it must comprehend and evaluate, without abandoning scientific and methodological rigor with which the usability assessment of a building hit by an earthquake must be carried out.

The necessity to keep together these two exigencies and to integrate them arouses from the main aim the usability assessment proposes: that of saving human lives.

It is important to stress that the system assists the inspector in focusing the attention on the relevant issues during the inspection, and suggests some conclusion about the building usability; its objective is not that of replacing the inspector's decision making for which he or she remains fully responsible.
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