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Abstract 

The ability to take dec i s ions about the expected response of exist ing projects (i .e. 

bui ldings, lifelines, cities) to an earthquake is difficult and complex . The behaviour of a 

f ew selected parameters of the main structural sy s t em (e .g . inter-storey drift) are 

c o m m o n l y used to make judgements . The behaviour of a project clearly depends upon 

the structure but it a lso depends upon many other factors which often are not cons idered. 

These include, safety culture, management, condit ion, use , construction, materials and so 

forth. The model l ing and measurement of these factors vary in quality s ince they are 

very different in nature. A model which enables these factors to be put together to assess 

the proneness to failure of a particular project is proposed. The model fo l lows a sys tems 

approach and concentrates on the model l ing and management of information. T h e 

management of the uncertainty, which is classified into fuzzincss, incompleteness and 

randomness , is an important part of the model. Hierarchically arranged holons describe 

the processes making up the project and capture inherent fuzziness of the problem. T h e 

mode l includes tests (such as audits) which a project must pass in order to be dec lared 

dependably safe. Dependabil i ty is a measure of the degree to which an engineering 

theory has been tested in practical problems. The proposed methodology c o m b i n e s 

exis t ing numerical mode l s as wel l as ways of processing vague information and expert 

judgement . It is also a very flexible tool which a l lows the handling of various types of 

projects and situations which are slightly different from past experience. Experts wil l 

use linguistic assessments to measure the evidence about the dependability o f processes 

to sustain their function during an earthquake. Linguistic assessments are matched to 

interval probability numbers. A n interval number is used to capture, in a practical 

manner, features of fuzziness and incompleteness . Interval probability theory is used to 

c o m b i n e evidential support values throughout the hierarchy. A computer implementat ion 

of the model (i .e. E V A S ) was deve loped to s h o w its potential for practical use. T h e 

software developed was used to apply the methodology to the Hospital Regional de 

Buenaventura in Colombia. Further testing of the proposed model and E V A S in 

practical applications should be carried out to ensure their dependability. 
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" N o w what I want is . Facts. Teach these boys and girls nothing but Facts. Facts alone 
are wanted in life. Plant nothing e l se , and root everything e lse . Y o u can only form the 

minds of reasoning animals upon Facts: nothing e l se will ever be of any service to 
them.. . . W e hope to have , before long, a board of fact, c o m p o s e d by commiss ioners of 

fact, w h o will force people to be a people of fact, and nothing but fac t . ." 

"Hard Times" Charles Dickens 
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remember that distant afternoon when his father took him to d iscover ice. . . The world 

was so recent that many things lacked names , and in order to indicate them it was 

necessary to point.. . ." 

"A hundred years of solitude" Gabriel Garcia Marquez 
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Glossary 

S o m e of the main concepts used in this thesis are defined in this s ec t ion ' . 

Accident an unplanned failure event (B lock ley 1994) . 

Construction implementation of the des ign to create an artefact that is fit for 

its intended use (Dester 1992) . 

Culture is a shared set of bel iefs , norms , attitudes, roles and practices 

(Comcrford and Block ley 1993) . 

Damage state a particular level of loss o f value or fitness for purpose o f a 

project. A damage state may be personal harm or loss to 

property, plant, or a loss of bus iness opportunity ( B l o c k l e y 

1993) . 

Danger liability or exposure to an accident (Blockley 1993) . 

Dependability is the extent to which an engineering theory has been tested in 

practical decis ions (B lock ley 1980) 

Design is the process that transforms the conceptual des ign into a form 

which can be directly d e v e l o p e d into an artefact (Dester 1992) . 

Expert is a person who has detailed knowledge and experience o f a 

topic, situation or activity (Dester 1992) . 

Italics denote a term that lias also been defined in lliis section. 



E v e n t is s o m e occurrence that may cause the state of a s y s t e m to 

change (Booch 1994) . 

Failure of an artefact is the lack of correspondence between a required state o f the 

world and the actual state of the world (B lock ley 1992) . 

Failure event is one in which an artefact or project is damaged (B lock ley 

1993) 

Form is the "essence" as initially defined by Plato, (i.e. What it is ). 

Function fitness for purpose (B lock ley 1992) . 

Fuzziness imprecision of definition (Blockley 1993). 

Hazard is a set of incubating preconditions for failure (B lock ley 1993) . 

Hierarchy is a ranking or ordering o f concepts logical ly connected at 

different levels of definition. 

Holon is both a whole and a part (Koest ler 1967) . Ho lons exhibit 

emergent properties. T h e s e are not properties of any of the parts 

but e m e r g e from the co-operat ion of the parts. 

Model is a representation of a defined system for a purpose (B lock ley 

1993) . 

Operation is a process which encompasses all activities, sys tems and 

procedures that are necessary for the use of an artefact. This 

includes maintenance, repairs and modifications (Dester 1992) 

Parent holon is the holon in the immediate upper level of the hierarchy 
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Process a scries of actions which produce a change or deve lopment . This 

is a transformation of a initial state into a final state. Processes 

are defined by needs and object ives . 

P r o j e c t is a set of facilities and activities which may be defined in terms 

of processes at varying levels o f definition. Facilities consist of 

e l ements such as buildings, the ground, the foundation, the 

lifelines and so on. The project may be defined at the level of a 

specific building (or indeed a specific element within the 

building) or at the level of a city, region or country. T h e 

activities with the processes are those which define the purpose 

of the project, for example a hospital. 

Proneness to failure is a measure of the available ev idence concerning the hazard that 

an artefact might suffer a failure event (B lock ley 1993) . 

Randomness is the lack of a specific pattern in a set of data (B lock ley 1993) . 

Risk is the combined effect of the chances of occurrence of s o m e 

failure and its consequences in a given context (B lock ley 1993). 

Reliability is a measure of the chances that an artefact or project wil l not 

suffer an accident (B lock ley 1993) . 

Safety is freedom from unacceptable risk (Blockley 1993) . 

Society die system of interrelationships which connects together the 

individuals w h o share a c o m m o n culture (Giddens 1989) . 
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Sufficient refinement is the extent to which the dependabil i ty of the result is 

appropriate. The appropriateness of the result may be defined by 

external restrictions such as the requirements o f the client, law 

regulations, the quality o f information or the grounding of the 

model . 

System is defined as a structured set o f objects and/or attributes together 

with the relationships be tween them (Wilson 1984) . T h e concept 

.system embodies the idea o f a set of e lements connec ted together 

which form a whole , s h o w i n g emergent properties which are 

properties of the who le w h i c h result from the co-operat ion of the 

component parts. 

Uncertainly is lack of knowing (B lock ley 1993) . 

Vulnerability is defined as the susceptibi l i ty to failure of an artefact (structure, 

facility and so forth) under any arbitrary action (Wu et al. 1993). 
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