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ABSTRACT  

Beside the advantages of fuzzy expert system used in safety 
engineering it may mean progress in building pathology by the active 
cooperation of the given specialist, the possibility of feedback and the 
publishing of cumulated knowledge. This article introduces the 
researches on the knowledge base of an assumed building 
pathological expert system. 

Knowing the principles of expert system one can state that the pivotal 
part of it is the knowledge base. This data set contains the building 
elements, their materials and the algorithms of deteriorations within a 
defined frame. The reliability of the knowledge base is guaranteed by 
surveys corroborated by diagnostic analyses. 

For constructing the knowledge base the process of categorizing and 
perception of human mind were surveyed. Thereafter sophisticated 
data sets were compared to each other. Then a proposal was made 
on the hierarchy of the knowledge base and a code system was 
drawn.  
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1. THE BUILDING DIAGNOSTICS FROM THE ASPECT OF 
SUSTAINABLE DEVELOPMENT 

Our research team wishes to assist the sustainable development of built 
environment through the updating of building diagnostics. The theoretical 
background of this effort is based on the national intendment of 
international directives and recommendations focusing on the solution of 
environmental problems (Kunszt, 2002). The knowledge base – through its 
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construction – supports the conscious policy of development (learning 
rationalization). 
 The knowledge base of a well-arranged and constructed expert 
system is advisable for involving the obtained information from expert 
procedures in decision making. 
 

2. THE MODERNIZATION OF BUILDING DIAGNOSTICS 

The methodological analyses of building diagnostics, which aimed the 
rationalization of the specialty’s operation pointed on advancing the 
nondestructive tests (Arató - Dulácska, 1994; Bajza, 2003). 
 The most elemental of these tests are the identification of building 
elements and the description of the amelioration (visual check). 
 The visual check depends enough on the personality of the expert. 
The surveys executed by different experts can not be compared easily, the 
surveys can not be ranked – therefore the diagnostic evaluation process 
can not complete its task. 
 In Hungary at 1984 the Ministry of Building Affairs propounded the 
elaboration of an integrated evaluation system (ÉVM V-CPB: Visual 
examinations of building defects), but the elaboration itself was cancelled. 
Our institute worked out proposals based on its antecedent research 
activities, which desired to support the experts’ job with the introduction of 
the building elements’ registration. 
 The CIB W086 Committee raised the possibility of the application of 
the expert system (Croce, 1993), which is known from the area of risk 
assessment, even so comprehensive and operable expert system was not 
brought on yet. 
 Our research team, after its system investigation (fault catalogue, 
morphologic system) (Koppány, 1997), went at studying the functional 
access of the expert system’s construction. For observing care in analyzing 
the given structure, the importance of multidisciplinary basis was 
underlined; hence the area of systematization on linguistic and information 
sciences were involved to the research. 
 

3. THE RULE OF KNOWLEDGE BASE IN THE EXPERT SYSTEM 

Beside the use of expert system for precognition it has been evolved for 
discovering the correlations between causes and effects of passed-off 
phenomena. The principle of the expert system’s operation is based on the 
teamwork. The user, who meets directly with the phenomenon, can get 
acquainted with its mechanism with the aid of the program constructed by a 
knowledge engineer; the gnosis of the software roots from the information 
collected by the experts of the specialized area (Kaetzel et al., 1995). 
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 The software consist of five independent modules: user interface, the 
database, explanation engine, the (meta)rule base and the knowledge 
base (see Figure CIB2007-143.1). 
 

 
 

Figure CIB2007-143.1 the construction of fuzzy expert system 
 
 The knowledge base contains the information linked to the problem 
area (building diagnostics), with which it assists for the explanation engine 
in evaluation of potential problems. The knowledge bases are often 
featured as great systems of “if…then” statements, but this description is 
misleading: it is not essential that the knowledge base contains rules. 
However it can apply associative relations between different conceptions, 
statistical information about probability of solutions, or it can be a simple 
database of comparable facts. 
 Beside several advantages of the use of fuzzy logic it is necessary to 
highlight the possibility of the operation with linguistic variables. It may 
ease the synchronization of different surveys, and helps involving the 
admitted phrases of expert evaluations. 
 In case of the application of fuzzy set theory in expert system the 
knowledge base has to be modified: the relations between the stored 
conditions and consequents are originated by fuzzy production rules. In the 
case of “if…then” rules these two members represent fuzzy sets, moreover 
the defuzzyfication step has to be built into the rule base (Llata, 2001). 
 

4. FUNCTIONAL QUESTIONS ABOUT THE KNOWLEDGE BASE 

4.1. Ordination of experiences  

Each expert evaluation process begins with the identification of the 
surveyed building element. The exact identification helps getting 
acquainted with the behaviour of this element, and with the observation of 

 



4 The Knowledge Base of Fuzzy Expert System in Building Pathology 
 
the deterioration’s causes. Therefore it is important to emphasize this step 
in the whole examination process. 
 

4.2. Morphologic structure and the thesaurus 

Our research team developed a register of building elements for digesting 
our experiences in the area of building diagnostics. The developed tool 
was based on the scheme of morphologic box (Zwicky, 1966). The 
morphologic systematization was a serious progress in determining the 
hierarchy of building elements’ groups comparing to the previous systems 
(Koppány, 2004). The recognition of its disadvantage - closed structure, the 
redundant learning aggregation (i.e. multiple terminologies featuring 
several places, uncertain use of “shelves”) - required the redefinition of the 
registration system. 
 Thereby we turned to the method of information technology: the 
thesaurus. The thesaurus is a sort of term’s collection, which includes all 
important terms of a specific area, describes the super- and subordinations 
of these terms; in case of duplicates it determines the admissible 
(descriptor) and the avoidable (non-descriptor) expressions, and it also can 
ascertain other competent logical relations. 
 

4.3. The psychological background of the thesaurus  

For determining the hierarchy of applied expressions’ groups, the basis of 
morphologic system and the cognition process of the expert in his specific 
area were considered. The consideration of object cognition and 
categorizing function of human mind was indeed necessary by two 
reasons: the importance of cognition in user friendly software construction 
(Meij, 2006) and the differences between experts’ personalities. 
 The research belonging to the nervous system almost exactly can 
describe the brain process of cognition of phenomenon. Several literatures 
conceive diverse opinions in certain questions, but the principle of 
converting the perceptual stimuli by the brain is judged alike. 
 In the narrower meaning of categorization is the identification of the 
environment’s elements, their classification for handling themselves as 
their phenomena (perceptual categorization) or for naming them (linguistic 
categorization). In the broader meaning of categorization is our ability for 
using these categories, and that we can execute procedures with them. 
 The perceptual categorization is one of the basic functions of human 
cognition, which let the observer decide whether the experienced 
phenomenon or object is comparable for the things that he/she met before 
or not. While this perception came out, the observer may deduce several 
consequences instantly, which help him/her making decisions relating to 
this phenomenon (Kovács, 2001). 
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 In the process of cognition there are two types of structural forms help 
conceiving the informative and effective conceptions. We are able 
categorize on different generalizational and abstractional levels (vertical 
structure). Beside this the members of a category represent their category 
with different degree (horizontal structure). In a process of the cognition of 
a building element these two types of structure have similar importance. 
 A given perceptual object/phenomenon can be categorized on 
different levels in the same time (see Table CIB2007-143.1). 
 

Table CIB2007-143.1 an example for the vertical structure of categorization 
 

Name Description Example 
Superordinated 
level 

very general category supporting 
structure 

Basic level General category  Slab 
Subordinated 
Level 

Specific category reinforced concrete 
slab 
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 For typifying the process of cognition, we must not disregard the 
answer for the following question: what is the default category of the 
experts? The solutions of categorization tasks have a default solution, 
which is not equal with the general category. During the task of experts the 
perceptual stimuli call for using subordinated levels. 
 In a given category the members align to its horizontal structure. The 
categories are determined by the common attributes of its members: its 
each member owns at least one attribute, which is necessary for being the 
member of that category. 
 The measure of the relation to the category is not the same in the 
case of every member: there are members that characterize the category 
better and there are members, which is not (conf. hypothesis of familiar 
likeness, prototype theory). 
 

4.4. Prefigurations of the planned thesaurus  

Before constructing a “static thesaurus” (Losee, 2006) for systematizing the 
information and knowledge of the building pathological area, a comparative 
analysis was made on three different thesauri. The thesaurus of ÉTI 
(Institute of Building Science), the OSZK (National Library) and the 
UNESCO were surveyed. In the process of comparative analysis the 
structure of terminologies’ hierarchy, the presentation of words’ and 
collocations’ relations and the particularities were observed for the aim of 
determining the coming thesaurus. In the Table CIB2007-143.2 the main 
attributes of thesauri are conferred. 
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Table CIB2007-143.2 the main attributes of examined thesauri 
 

 UNESCO OSZK ÉTI 

Goal 
Data collection 
systematization 

information 

Data collection 
systematization 

information 
informatics 
supporting  
researches 

Data collection 
systematization 
for mapping and 

organizing 
research on the 
area of building 

sciences  
Expandable Yes yes yes 

Group descriptor - - yes 

Coordinated indexing Yes yes Yes  
Generic Yes yes yes 

whole-part - yes - 
Causality - yes - 

m
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f 
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y 

condition-
consequence - yes - 

Association Yes yes - 
Languages EN;FR;ES - - 
Note index - yes - 

homonym expression - yes - 

individual indexes - - levels of hierarchy  

R
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No. of indexes 7 15 6 
discrimination of 

descriptor and non-
descriptor 

- yes 
- 

does not contain 
non-descriptor 

Visual breakdown in 
alphabetical order - - yes  Vi

su
al
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or

t 

“word cluster” - - yes 

4.5. The principles of the construction of thesaurus 

With the knowledge of categorization action of human mind and after the 
omparative analysis the following principles were composed: c

 
• the basic of the thesaurus should be a perspicuous and logical 
hierarchy, which is supported by an unambiguous indexing system; 
• the expressions applied on the area of building pathology should be 
able to be involved to the thesaurus; 
• the thesaurus should be kept expandable after its construction; 
• the results of national and international research should be able to be 
systematized and comparable to each other; 
• during surveys the database based on the thesaurus should be 
feasible for identification of building elements and for seeking up 
information 
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 The smallest module of the thesaurus is the top term which comes from 
the area of building sciences. The gathering of the top terms (mostly 
collocations) took place from state surveys and –fixation queries, trial 
advisements, studies. The form of this module and its indexations can be 
found on Figure CIB2007-143.3. 
 
 

The relations between the sets of top terms may be the followings: 

• sets embedded to each other (i.e. specifications); 
• independent and associable sets (i.e. the mode of manufacturing); 
• independent and associable sets only with special expressions (i.e. 

ode of operation). m
 
 The independent sets are formed onto isolated modules called micro 
thesaurus. The introduction of this type of set aimed to simplify the 
structure of the thesaurus. For this reason, the ‘mode of manufacturing’; 
‘localization’; ‘mode of operation’; ‘shape’; ‘construction of layer’ and the 
‘solution’ micro thesaurus were created. 
 As distinguished from the antecedents, the thesaurus of building 
elements does not contain the terms of their materials. The thesaurus of 
building materials is constructed separately. There were two cardinal 
reasons for dividing: 
 
• the results of diagnostic surveys belonging to the building materials 
(although they are not independent form the diagnostic of building 
elements) treat the deteriorations from a specific aspect; 
• different building elements which are to describe with different sets of 
terms can be made of the same material, but a part of their deterioration 
derives from their materials’ attributes (avoiding the information 

uplication). d
 
 Gathering and systematizing the terms using for phenomena related to 
the deteriorations and the terms for evaluating and describing these 
deteriorations was an extraordinary task. The emotional surcharge of top 
terms means its speciality. The rank of colours (“traffic light system”) was 
used for indicating this attribute of the terms. 

4.6. Relations between the thesauri of building elements, materials 
and phenomena 

The use of coordinated indexing applied in earlier thesauri the relations 
between the group of words can be brought on; one may navigate between 
the top terms (i.e. the phenomena related to a specific building element can 
be reached easily from the thesaurus of building element by a simple link).  
 
 The indexations [XM; XPh] indicate the mentioned relations on Figure 
CIB2007-143.2. The interrelation system may offer a thorough knowledge 
background for the user. 
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Figure CIB2007-143.2 the interrelation system between the thesaurus of building elements 
(E), materials (M) and phenomena (Ph) 

 

 
 

Figure CIB2007-143.3 the indexing and visual appearance of a top term 

4.7. The view of thesaurus: the word clustering  

As it existed in the previous Hungarian semi-finished thesaurus of building 
science (1974), a new word cluster showing the hierarchy of groups of 
terms has been created with several modifications. The shape of the graph 



The Knowledge Base of Fuzzy Expert System in Building Pathology 9 

is adjusted to the natural line of reading: the sets crumbling to each other 
(the super- and subordinating) can be followed from left to right (see Figure 
CIB2007-143.4). 
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Figure CIB2007-143.4 the word clustering of ‘localization’ micro thesaurus 

4.8. The code-system of thesaurus 

 
The computer infrastructure made possible to build the code-system of the 
thesaurus, which means the solution of data storing and browsing. 
 The size of the codes was arranged to the size of micro thesauri. 
Each module of the vocabulary owns a two-digit integer. With the help of 
the established code-system an examined building element with its 
material can be described with a 24-digit integer. The place values 
correspond to the micro thesauri as it is shown in the Table CIB2007-
143.3. 

5. EVALUATION OF DIAGNOSTIC SURVEYS 

Assuming the hypothesis (an accurately designed thesaurus of the applied 
terminologies of the building pathology area is essential for a well-
constructed expert system’s knowledge base) our team has embarked on 
collecting the used terms directly from the diagnostic reports.  
 The Institute of Building Construction (Technical University of 
Budapest, Hungary - BMGE) served its collection of specified building 
diagnostic reports to the evaluation. The amount of these reports allows us 
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to focus only to the crucial terms (for the general data of the building 
diagnostic surveys of BMGE see Table CIB2007-143.4).Keeping in mind 
that a human generated thesaurus may produce several serious problems 
(Hodge et al., 2001), a sort of classification of used expression is going to 
be done.  
 After this classification, a whole word clustering is planned, involving 
the expressions of specific failures (leakage, moulding, etc.), showing all 
relations among the expressions of building elements, materials and 
phenomena. In the following steps a series of pilot test will be executed on 
the concerned building elements (visual examinations) on site. An 
estimation of these tests may refine the created thesauri. The widening of 
the examined failure types and areas may follow these preliminary actions. 
 

Table CIB2007-143.3 code-system of the thesaurus 
 

Rule of code 
(micro thesaurus) Meaning Place 

value Examples 

group descriptor basic level of systematization 01-02 foundation; 
framework     

manufacturing the mode of fabrication 03-04 prefabricated; 
brick-lined     

specification the exact determination of 
building element 05-06 pillar; pier 

foundation     
accessory 
function 

the accessory (or emphasized) 
function 07-08 fire-retardancy; 

waterproof     

operation mode of the operation of building 
elements 09-10 middle-opening; fix 

    

localization localization of the element inside 
(or outside) the building 11-12 bordering; loft- 

    

shape shape of building elements 13-14 arch; mansard 

    

B
ui

ld
in

g 
el

em
en

t 

layer construction the layer construction of building 
element 15-16 straight; inverted 

 

    

category of 
material 

general category of building 
element’s material 17-18 polymer; wood; 

mineral     

specification of 
material 

exact description of building 
element’s material 19-22 stainless steel, 

PVC   
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l 

form of material occurrence of the typical material 
of the element 23-24 foil; net; pipe 
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Table CIB2007-143.4 general data of evaluated reports of BMGE 
 
Period of examinations 1980-1995 
Number of reports  
(concerning the building elements’ failures) 

117 

Failure areas moulding 37% 
leakage 41% 
moisture 4% 

 

else 18% 

Functions of building residential house 49% 

public building 43% 
industrial buildings 6% 

 

else 2% 

Building element’s group flat roof 27% 
external wall 27% 
shell-roof 3% 
drainage 2% 
basement 3% 

 

else 38% 
 

6. SUMMARY 

Summing up the statements above the proposed knowledge base of the 
fuzzy expert system (which may support the visual examinations of building 

lements) consists of three connected parts: e
 
• thesauri containing the terms of building elements and materials; and 
the thesaurus containing the terms of phenomena related to each other; 
• the “word cluster”, which represents the hierarchy and relation system 
of thesauri; 
• the code-system, which supports the classification and de information 
ordering 
 
 The store of learning about categorization process in human mind 
leaded us the fact that keeping the process of human thinking in mind may 
drive us to the origination of a user-friendly diagnostic tool. 
 The following steps in the construction of knowledge base (after the 
refined and enhanced thesauri) concern to collecting and involving the 
rules to specific frames. For this task the methods of failure analyses of 
engineering science have to be taken into consideration, which are already 
used in service life prediction as FTA and FMEA (Moser, 2004; Talon, 
2005). The realization of fuzzy sets of conditions and consequences, and 
the creation of fuzzy rules are to be based on practical results of fuzzy set 
theory. 
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 In the actual state of “word cluster” can represent only the super- and 
subordination; but after additional development a three-dimensional graph 
may indicate the mentioned relations between the three thesauri. 
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