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Abstract

The purpose of the present research is to artieulat strategic approach for the
protection, preservation and restoration of a higtdouilding stock. Within this frame, a multi-
variable model has been developed for the asses$sameh monitoring of historic building’s
pathology and architectural quality. The systenb@&sed on two pillars: the Database System
(DBMS “Hermes”) and the Geographical Information sggm (GIS “Hermes”), which are
interconnected. The first pillar addressed the @ncand for reliability and objectivity of the
data, with the development of two specific interoahtrol procedures. The second pillar (GIS
“Hermes”) enables spatial search across historicildings. In this way, one can use different
variables and criteria for composing complex quassi An important question is the ranking of
dangerous buildings, reliably and objectively, inder to make the necessary lifesaving
innervations. This multi criteria decision-makirapt depends on the weight of different variables.
After identifying these variables, a team of expeds asked to rank them with an online
questionnaire. The resulting ranking was used tighteand assess the risk of the dangerous
buildings.

Keywords. Buildings Pathology, GIS, Database, DBMS, Monum@anservation, Restoration,
Historic Center

1. Introduction

One can take great pleasure in observing a citig iEithe pleasure where an essential part
of the industry of tourism is based upon. All gtimay be characterized as large scale “works of
art”. However, this kind of art has a temporaryun@t it cannot be controlled and does not
progress in the rhythm that other form of arts Gargh as music for example. In the course of
time, various people may experience a city in lptdifferent ways (Lynch, 1960). Ingold,
professor of Anthropology in the University of Adeen mentions in his book “The Perception of
the Environment: Essays in livelihood, dwelling akall” that “building is a constantly continuing
process, for as long as people inhabit a certaanesdt doesn’t have a clear starting point based o
a design that we have previously fashioned ana@eésd’t conclude in a ready object. The “final
form” is only momentary....” (Ingold, 2000). Sincerhan beings reside in a city only for a really
brief period of time compared to the lifespan ot thity itself, they should not impose
predetermined schemes on it and its environmettiterathey should integrate to the city, develop
it according to the environment’'s demands and ihitdo succeeding inhabitants.

Buildings express the society and people that coct&td them. They are testimonies of the
cultural and social changes; the way and the timaé lhuildings were designed, constructed, used,
abandoned and ultimately destroyed indicate thmg@and decline of a society. In that sense, the
conservation of buildings as part of the culturaidaritance of a place is of crucial importance
because it helps us arrive to many conclusionstaheuevelopment of our civilization.
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Every facet of human activity has its monuments@ing them with important historical
memories. Therefore, monuments may appear as fiamsain time (buildings, cities, natural
elements, or even music works), as points of raefege(e.g. March 25th, 1821), or even as
prescribed behaviors (e.g. the New Year's Galaienka). However, when it comes to structured
environments, a monument has an even more essegéialvhich is to stimulate people’s memory
and to function as a connecting link between tret pad the future. Indeed, this role is dual, since
the monument provides answers to problems of thegmt, while retaining the memories of the
past. When the monument is placed in an urban &rg#rges memories, excites imagination, and
creates a certain mindset to human beings (Stefalfitb), (Papalexopoulos et al., 2002). The
monument as a work of art is perceptible only igpacific cultural milieu, not everywhere and
always, and certainly not by everybody. Heideggsgsuthe word “Bewahrung”, which means
“conservation”, but shares the same root with tleedw/Warheit”, which means “truth”, denoting
in the term conservation the conservation of thattt' of the monument (Lefas, 2008).

Buildings have their own circle of life; they gelder, have their own pathology, are
restored (sometimes poorly), abandoned and ultigratethe end of their life- they collapse
(Brand, 1995). Buildings have three different agdse age based on the date they were built, the
age based on their materials condition and thebaged on economic and service factors (Levy
and Salvadori, 2002). The aging/deterioration psecef buildings is a complicated procedure
where a lot of research is taking place.
Samuel Harris in his book “Buildings
Pathology” (pages 16-23) in order to
describe the deterioration mechanism, is
viewing the building as an energy model
and the he uses the Second Law of
_ Thermodynamics: Energy flows from
Half-Lite higher (ordered) state to a lower (random)

x state, increasing its “entropy”. Keeping in
mind the First Law of Thermodynamics

0 (the building is a “closed” energy system),
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_ _ - _ Harris is proposing that the deterioration
Figure 1: The Energy loss in a buildingHarris, 2001) mechanism is inherently an exothermic

process and the deterioration is entropic
(Fig.1) (Harris, 2001).

To predict the life span of a building,
one should be able to identify with certainty
all the variables involved in the deterioration
model. Considering that it is simple to
identify the properties of a single material,
one realizes the complexity of the issue when
in buildings hundreds of different materials
are involved. It is also very likely in the same
building to evolve two and more deterioration
mechanisms simultaneously, which further
complicates the prediction process. Therefore,
identification of materials, their properties and
damage-suffered buildings from the environment he first step to approach a complex
interdisciplinary problem as that of determining tmechanism of deterioration and collapse of
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buildings. This matter concerns the engineers of
all disciplines.

With regard to the issue of rescuing interventiobgilding pathology as well as the
monitoring of building pathology, are of major imance. It's a fact that when a building is
abandoned it runs into trouble. The first signshomidity activate dozens of wearing / erosion
mechanisms on the building materials. Shortly attezy all start to rot and collapse, one after the
other. As soon as a building is categorized as ¢devus” in the consciousness of the
neighborhood tenants, it becomes a target for deshment (Brand, 1995). This practice has been
confirmed on many different occasions also in tresent study (Fig. 2). Therefore, the objective
is to monitor the pathology of buildings — monunsg@ind to primarily help the ones that are in the
process of being stigmatized as dangerous.

The use of the Information and Communication hedbgies can be decisive towards that
direction. On a scientific level of the protectioh architectural inheritance, the contribution of
information science was and continues to be of oatnmportance. It provides us with answers
and solutions for the difficulties and problemsttlagise during the evaluation process of the
subordinate state of buildings, as well as theimmeoing and managing. From the relevant
theoretical overview, it is concluded that Plannfagpport Systems infiltrate remarkably slow
mainly due to their limited dissemination, theirakaess in the choice of appropriate tools, their
incomplete -for their ability- update and the naojpction of good practices. This is a
phenomenon that can be traced in general in thebdison of new technologies ((Darzentas et al.,
1997, Vonk et al., 2006).

The main objective of this research is to evauhae vulnerability of historic buildings and
propose a decision-making model ranking the neadtefvention in a historic building stock. In

order to achieve this, it is essential to design a
Figure 2: Historic Neoclassical building in Hermoujsoin ~ database system that enables the recording and

1950, 1980 and 2000 (from top to bottom). i i i i ildi

The pathology that de\(/elops tl?ese buildin)gs, idifen mde_xmg of the historic buildings pathology
them to conditions of collapse or demolition. This profile. Apart from pathology data, historic
phenomenon has been documented in dozens of esample buildings are classified in terms of architecture
and has the effect of altering the character ofuhgan style and type, historic importance and spatial
physiognomy of Hermoupolis. .. . . . . L
The research classifies and proposes (usthgorithms) data (position In the city). Monltorl_n_g bu_lldmg S
the hierarchy of simple and reversible pathology profile has many positive impacts,

interventions aimed at saving historic buildings. Such as knowing the building's conservation
status, the need for intervention, and the risk of

collapsing. In a historic building stock, the sgfet
assessment of buildings is a major research goakdds a rational and quantitative evaluation,
which usually involves six steps: information aisifion, data processing, numerical modeling,
evaluation of potential scenarios, risk analysegision-making (Zonta et al., 2008).
The city of Hermoupolis was chosen because of nigueness that can be traced on its
intact conservation almost as a hole until todayGreece, there are only a few cities that have
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managed to remain unharmed and even less are ttimiskave endured the unbearable pressures
of “land granting”. In addition, the global intetefor this city by dozens of travelers for ove020
years, has maintained its physiognomy alive thrauglimber of literature works and manuscripts,
which served as a protective shield for its unieassn This protection endures until today in the
consciousness of the inhabitants as well as therdsof Hermoupolis, and has produced many
supporters of its physiognomy ready to take actiorcase of its endangerment. Therefore, it
should come as no surprise that Hermoupolis presaniniform image that cannot be found
anywhere else in Greece (Travlos & Kokou, 1980).

2. M ethodology

First, a field research was

Bulding’s Geographical conducted by a team of trained
inspectors (civil engineers and
2 erory and Restoration architects).  Specifically, nine

hundred and twenty four (924)

F —— buildings were recorded, creating
Arenitecture inventories with one hundred and

QUESTIONAIRE ninety two (192) fields for each of
e——— - the examined building. The

- ‘ inspectors were trained by the

7 author. Any questions or problems

were answered by the author and
- the same guidelines were given to
all inspectors, in order to increase
the credibility of the collected
- data. The field research took place
in years 2004 and 2005.

Figure 3: The recording phases. Until today the DM
weekly updated and new records are added in thebdate

Beginning of
Recording Historic
Buildings

For this research, "recording”
of a historic building is the total
process for the building in order to
join the system database "Hermes" in
a reliable and functional way. The
recording of the historic buildings of
Syros was designed to be a process
as much as possible structured and
simplified so as to minimize the
_ factors that may affect the reliability
= of the survey (Fig.3).

Operation of DBMS
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Before starting the

Figure 4: The architecture of the questionnaireeTh recording process, the tool that
questionnaire is based on literature and on speaéarch in  was used for the required purpose,
Hermoupolis has the form of a questionnaire.

The design of the questionnaire is
a very important part of the
development process of database
systems "Hermes". This is
because the items included in the
questionnaire are the database
fields and from processing them
one gets the research findings
(Stefanakis, 2003). Considering
the above, a lot of thought was
spent for each section of the
questionnaire in order to integrate
important data for the building,
but with no unnecessary fields
that could increase the recording
time and the size of the database
(Figure 4).

Special attention was given
to pathology data recording, as this is the primesearch purpose. Every historic building was
divided in sub-structural units, considering wayawreek and international bibliography propose
(Antonakakis, 1996), (Stefanou, 2003), (OAPP, 20QSpanos et al., 2006), (Papalexopoulos et
al., 2001), (Watt, 2007), (Thornes et al., 1998)this research a historic building is divideden t
(10) substructural units (Figure 5).

Figure 5: The five-grade scale in
pathology represents the extent of
problems in buildings. The
selection was based on the
literature and simulates in reverse
the aging process of the building
(the loss of energy). Each
structural unit receives a grade,
and the algorithm computes the
total extent of the building’s
pathology (sketch abov
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. Recording pathology

O Proposed Pathology Grades (A-E) © Proposed Buildings Energy . X . oy s
o Buildings Energy (S.Harrs) problems in a historic building is
100 complicated, because it is
100 100 difficult to measure those

problems. In example, a crack
can be measured and recorded,
but the humidity, the dampness
or the deterioration of a surface
can't be measured that easily. In
order to simplify the process, a
five (5) grade scale was used in
every pathology problem: form
grade “A” (it means that there is
0 no pathology problem) to grade

“E” (crucial pathology problem).

Buildings were also categorized
in five (5) grades (indexes) of pathology, depegdn their deterioration and conservation state.
The best-conserved buildings were rated “A” andviioest conserved buildings were rated “E”, as
shown in Figure 5.
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Figure 6: Logical Diagram of D.B.M.S. "Hermes”. Example of data entry in to D.B.M.S.

The Database System "Hermes" (abbreviated here@fBMS "Hermes") originally
designed according to user requirements and ndettie present research. The main objective is
to record all the pathology data of "historic binlgl’, architectural and historical data and any
other information that helps to protect the buitdin long-term. The database is local (Local Area
Network) and users of the DBMS are working in thme computer (Fig.6).
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The data fed to

‘ D.B.M.S.  "Hermes" s
eyetom cperatonl spatial, which vary both in
A space and time. Specifically,
Mot / it is predicted in advance that

eauaton /  the data collected from

evaluations of engineers in
the field, will be associated
with the Geographic
Information System (GIS)
"Hermes", and thus the
database developed in to a
Geographic Database (Fig.
) 7)  (Koutsopoulos, 2005).
The spatial dimension serves
many variables, especially
when assessing the risk of a
Figure 7: Logical Diagram of GIS Development building (eg location of the

building in the city and

Monitoring and
Maintenance

Requirements

Development of GIS "HERMES'

Coordinate System

Spatial planning

/

}L

distance from a school).

The database "Hermes" was processed with thist&tal analysis software SPSS by IBM.
The D.B.M.S. "Hermes" has the possibility of dey#hy questions in tabular form that can be
easily imported into SPSS. These questions cantdredsin D.B.M.S. "Hermes" and produce
results by recording and entering data to the da®bBefore stored, queries are analyzed to
evaluate the results. The statistical analysiersvariable and in combination with the method of
Cross-tabs. In this case there is a checking ofatier X square with Person's method, in order to
verify the correlation of two variables analyzed.

3. Results

In Figure 8, one notes that from the

buildings that were recorded as “historic”, 85%
Other @ belong to the original three chronological phases

of development of Syros (Folk, Early

Collapsed ; Neoclassical and First Period’s Neoclassical).
This is due to the fact that the database of

Changed 3o "Hermes" records the Historic buildings of
Industrial & Syros that have not been listed as “monuments”.
The listed monuments in Syros are following in

3rd Period 9 the footsteps of Third’'s Period, Neoclassical
2nd Period ~ that were the last chronologically neoclassical
. /S buildings in Hermoupolis. The protection by the

1st Period : . o -

E government applied to specific buildings, led

Early _ ‘ quickly to the thought that only they deserve to

Folk be preserved and the other buildings of

Hermoupolis are very "simple" and without
Figure 8: Graphical presentation of architectural much value. With this concept however. there

classification of important buildings in . . . N
Hermoupolis. P J is a risk of losing a significant part of the
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history of Hermoupolis, as most buildings have tamdéed until 1860, at a time where the
majority of buildings were morphologically "Folk™Early Neoclassical* and "First's Period
Neoclassical".

The Historic buildings of the
database "Hermes" fit into different
categories of protection. Initially, they are
proposed (or not) for listing them as
"monuments”. Figure 9 presents the
buildings proposed for listing them as
“monuments”. Overall, five hundred and
eighty (580) buildings were proposed for
declaring them as protected monuments.
This number supports the view that there is a
large gap in the protection of the historic
buildings of Hermoupolis, which with the
help of the database "Hermes" can now be
covered.

The DBMS "Hermes" has the ability
to store permanent questions that offer
useful information numerically and visually
through the interface with the GIS
"Hermes". One of the questions is the
examination of historic buildings depending
on their degree of pathology, a query
produced at DBMS and exported to GIS
map, showing the ratings of the degree of
pathology of buildings. Recording and identificatiof historic buildings in danger, is an
important goal of this research and this is achddwe using specific "questions” in GIS "Hermes".
In the example of Figure 10 one can see the spatation of the important historic buildings
(protection level "A") in relation to the degree péthology and thereof risk. So, identified 38
buildings, which, while requiring "Absolute Protect” (Grade "A"), have serious risks and
require immediate lifesaving intervention. The systin this case helps us understand the size and
spatial distribution of the problem of protectidntiee building stock of Hermoupolis.

A detailed inventory of 924 Historic ilbings of Hermoupolis, through architecture
ranking and the protection degree, enables the mdewctation of protection framework and
pathology profile of these buildings. For the ab@ueotection and pathology) control procedures
ensure the reliability of data from field recordiagd during processing in D.B.M.S. "Hermes".
The objective of the conservation of the physiogpash Hermoupolis by protecting important
building’s shells, will not be achieved without enag mechanisms slowing deterioration of
buildings and making the necessary interventiongrévent their collapse. In this respect, a key
role has the GIS "Hermes" in combination with thi@imation provided by D.B.M.S. "Hermes".

Proposed for Listing
63%

Not Proposed
37%

Figure 9: Buildings that are proposed for Listing as
“Important Monuments”
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By recording the pathology, tt
GIS and the D.B.M.S "Hermes" wi
the appropriate algorithms entify
the buildings with in danger. In tt
first application of the system tho
buildings were 160 form a total
924 buildings. The prioritization ¢
interventions in these buildings
critical, as it is not possible to low
the collapsing risk simtaneously in
160 buildings, but neither tt
interventions can be judged solely
the reactions of local residen
Bearing in mind the fact that or
@ e eemane given  the  current  econom
e conditions, has to make best use

the funds for this purpose, it

proved hat the relevant decisic

requires multi criteria analys

method of prioritizing intervention:
Figure 10: Analysis and view in GIS of important historic Specifically, the analysis takes ir
buildings at risk. account the risk of collapse of ec

building, but in connection with

series of other variables, such as the role ilding in Hermoupolis, the position in the city,et
influence in other areas of interest, the sociapaot etc. To configure variables, an onl
questionnaire was addressed to thirty (30) expertsthe subject, namely architects, c
engineers, acadac scholars with extensive experience (Figure

Exktipnon a1rd op&da EWdLkwV (experts)

2. Me Trola ogipd Ba ewepfévaTte oTa TTapakdTw emiKiviuva kTijpia; @ Create Chart ¥ Download
(lepapxrficTe pE 1 TO KTHpPIO TTou Ba EMERBEVATE TRWTA, HE 2 TO KTIpIo TToU Ba ewepBEVaTE OTN
CuvEXEIQ, KTA).
Response
1 2 3 4 5 ] T Gt

EmiivBuvo KTipo oTo kévipo T 0.0% 40.0% 16.7% 16.7% 3.3% 3.3% 0.0% 0
TOANS 5) (12) (s} 5) 1) 1) (]
EmkivBuvo KTpio o0& ToupioTikd 6.7% 13.3% 20.0% 300%  200% 6.7% 3.3% a0
Treproxr (Tr)(. Argedvi) 2 (4) (8) =) (6) @) (1)
EmKivBUvo KTpIo KovTd o éva 3.3% 16.7% 10.0% 10.0% 0.0% 0.0% 0.0% 0
axoAeio 9) (5) (3) 3) (o)) (o) (@)
EmKIvBUVO KTNDI0 KovTd OF Eva 0.0% 13.3% 26.7% 23.3% 23.3% 10.0% 3.3% —
Bnuéono kTfipio (Y. Anuapxeio) (e}] ) (8) @) ) 3) (1)
EmxivBuvo KTipio To omoio eivas 3.3% 16.7% 16.7% 16.7%  40.0% 67% 0.0% a0
AaTnenTéo (1) (5) (5) 5) (1z) @) (L]
EmixivBuvo KTiipio To omoio eiveas 3.3% 0.0% 10.0% 0.0% 100% 667% 10.0% a0
ApoAoyo aAhd 6y SanpenTéo (1) (0} (3) 0) (3) (20) @)
EmkivBuvo KTipio Be SyviwoTo f 7 3.23% 0.0% 0.0% 3.3% 33% 6.7% 83.3% 3g
aSiapopo iISIoKTRTN ) @y (o) (3] ) 2) (25)

answered question 30

Figure 11: In an online questionnaire, participamrere asked to rank a dangerous build
depending on seven variables

The surveyesponded thirty specialists (experts), of which ¥@&te civil engineers and 30
were architects. The criteria were converted irtorgg (point system) and joined spat
gueries in GIS.
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With the above-described criteria, a grading syster building’s risk is developed. The result
is to produce a prioritized list with the buildingscording to the risk assessment. In Table 1 are
given the first twenty (20) of the 160 buildingstire hierarchy of interventions to manage the risk
of collapse. The multi-criteria risk assessmenkiag model of historic buildings of Hermoupolis
was implemented successfully. The city continugefitorts to protect the special physiognomy of
Hermoupolis and monitors annually the status ofartgmt historic buildings in the D.B.M.S. and
GIS "Hermes" (Fig. 12).
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Figure 12: Part of a GIS map and example of impletaikson.

Of the total 924 historic buildings, the 160 builgs at risk of collapse are selected by the
system. The algorithm that was developed, ratdstaithnocratic, architectural and social
criteria these buildings. The buildings that areed the highest, are included in the financial
planning of the municipality for restore intervemts. The first implementation gave
encouraging results with minimal cost (5-10000 etbailding). Today, the city continues to
make rescue (reversible) interventions.

CODE PathologT
A.A “HERMES” Grade pl p2p3 p4 p5 p6 p7 p8 ALL
1 0627003 E 143 56 221186 130 126 121 17 1000
2 0627002 E 143 56 221186 130 126 121 17 1000
3 0767001 E 143 56 221186 130 126 121 0 983
4 0587005 E 143 56 221186 130 (126 0 17 879
I5 0725010 E 143 56 221186 130 126 0 17 879
6 0658004 D 0 56221186 130 126 121 0 840
7 0663008 D 0 [B6221186 130 126 121 0 840
8 0752009 D 0 56221186 130 126 121 0O 840
9 0524004 E 143 56 221186 0 126 0 17 [749
10 0528001 E 143 56 221186 130 0 0 0O [736
11 0581005 E 143 56 221186 130 0 0 0 [736
12 0585002 E 143 56 221186 130 0 0 0O [736
13 0585003 E 143 56 221186 130 0 0 0 [736
14 0587004 D 0 56221186 130 126 0 0 [719
15 10654001 D 0 56221186 130 126 0 0 719
16 0767011 D 0 56221186 130 126 0 0 [719
17 0620007 E 143 56 2210 130 126 O 17 1693
18 0690003 E 143 56 2210 130 126 O 17 1693
19 0690001 E 143 56 2210 130 126 O 17 1693
20 0559001 E 143 56 2210 130 126 O 17 1693

Table 1: List of building’s risk grade, rated byetmulticriteria model.
The table shows the twenty (20) of the one hundneldsixty (160) hazardous buildings in

multicriteria model for prioritizing interventionsThe maximum score that a building can

take is 1,000 points. The list is already usedhsy municipality of Syros Hermoupolis for

rescue interventions in seven (7) buildings of Wwiitee (5) were high-rated according to the
model (highlighted in the table) and two (2) lowated (in positions 22 and 30). Today the

list is updated and changed depending on the iet#gfens and changes in D.B.M.S..

"Hermes".
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4. Conclusions

Building’s pathology is a quality assessmemtdg but it is not sufficient enough to
evaluate and rate building’s risk hazard. The ahmeposed multi-criteria model based on
pathology indicators in combination with the arebtural quality ones, as well as with other
variables such as the area, the density, the usfagear buildings (i.e. schools, offices, museums
etc.), the tourist attraction, etc. can produceeaalnchy list of risk assessment (Fig.13). Thelfina
resulted historic buildings’ ranking catalogue vpasposed to the Municipality of Hermoupolis as
the optimal strategy for protecting the physiognowfythe city, with low cost and gentle
maintenance techniques to be applied on the hedboiiidings. It is noteworthy to indicate that this
strategy has already been adopted by the munitigaiid implemented on several buildings. So
far the results have been encouraging since tlegidettion process has been delayed and the risk
hazard has been reduced. These results validatedtiel developed in the present study.

Historic Buildings
Management System

Database
System
Data Reliability
Control System

Inspectors’ Algorithm for
Profile Pathology Data
(ad hoc) Control

| Emememme—me—— Data Correction

Monitoring
Deterloration and

Pathoiogy Guide for

Pathology
Assessment

Y

New Buildings
Assessments
by Inspectors

Figure 13: The complete Historic Buildings Manageir®gystem

Finally, the achievement of the documentatioth m@anagement of important building stock
of Hermoupolis as implemented in this researchichrthe design of the proposal for inclusion of
Hermoupolis in the list of monuments and sites airM/Heritage by UNESCO.
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