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ABSTRACT

By conceptualising local seismic construction pras as capital, this paper proposes a theordtialework
within which its conservation can be envisione@aseans to reducing vulnerability and moving towartre
sustainable development. The application of the@sed conceptual framework is demonstrated in éise of
Lefkada Island in Greece. Each of the four key trowts (local seismic construction practices, ptaisi
vulnerability, social vulnerability, perceptions dfcal seismic construction practices) that cousitthe
framework are analytically examined, while intelatmnships between the key constructs are hypsthésand
corroborated through the integrated interpretabbrthe findings emerging from the study of the indual
constructs. In particular, measures of social walbility are developed which are used to disceffedint
levels of social vulnerability on the island. Thdluence of social vulnerability on perceptionstbé local
population pertaining to conservation of local setsconstruction practices is subsequently demateir The
physical vulnerability relating to the building stois assessed through damage data of the Augus2003
earthquake, and vulnerability curves are develdpethe building typologies found in Lefkada. A othetical
loss scenario is examined that demonstrates, thr@mognparative means, the importance of local seismi
construction practices in reducing physical vulbéity, and subsequently expected losses. The relsesdso
studies the contribution of conserving local setsoanstruction practices, to reducing vulnerabiitgd moving
towards more sustainable development.
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1. INTRODUCTION

The study and conservation of local seismic coestrn practices, as a valuable source for techiézahing,
has been recently recognised [1-4]. However, aepi@l gap is identified in addressing their covon in
the wider context of vulnerability reduction andstsinable development, compromising the potential f
success of supportive policies [5]. The overarctubgective of this study is to demonstrate the ificgmce of
conceptualising local seismic construction prastias a means to reducing vulnerability and movaivgatds
more sustainable development. In particular, theahjectives are i) to provide a theoretical frarogwwvithin
which local seismic construction practices can lbaceptualised as part of vulnerability reductiord an
sustainable development and ii) to demonstrateafi@ication of this framework in the chosen caselgt
developing appropriate methods, where necessary.

2. CONCEPTUAL FRAMEWORK

Using sustainable development as a conceptual lmxz| seismic construction practices need to besidered
within the broader contexts efistainabilityanddevelopmenand thus their conservation needs to be examined
beyond the confines of an earthquake engineerimgppetive. The feasibility of their conservationlwimost
certainly depend equally, if not to a greater eiteon wider economical, social and environmental
considerations [6].



A starting premise of this research is thastainabilityis based on the notion of conserving capital \ufich
points to the conceptualisation of local seismiestauction practices as capital in themselves\|djile several
forms of capital have been identified (e.g., ndtusmcial, human, manufactured and financial cépita
distinctions among them are not always simple. figation, however, is not critically importants anost
capitals are interdependent and co-exist both ianing and practice. The importance stems from #rg v
conceptualisation of local seismic constructioncpcas as a form of capital, as this offers a bapi@n which
different perspectives are argued and may be eealu®orrowing fromecological economicén order to
elaborate on this point, the theoretical propositid capital substitutability]9-11] is consideredis-a-visthe
notion ofdevelopment

In its earlier conceptiorgevelopmentvas understood from a purely economic perspectinkveas frequently
employed synonymously tgrowth, realised through the expansion and increase ofifaatured and financial
capital to the detriment, most frequently, of natucapital [12, 13]. However, later on, the advesabf
ecological economicsame to understardkvelopmenas distinct frongrowth, adopting the former to describe
qualitative rather than quantitative change. This distinctimmovides the first point of criticism of the
technocratic approach, wherelglevelopmentis perceived as the expansion of the physical tijyaand
technological capabilities of human capital [14]dgéfinition of development as growth renders thecept of
sustainable developme(drowth) an oxymoron, as it implies an endlessaase in quantity, neglecting limits
to growth, which have been long established [19, This demonstrates that sole reliance on teclyicdd
renewal and subsequent (economic) growth is ndiaisiable in the long term. However, a definition of
development as qualitative improvement rendsustainable developmers meaningful concept [17-19].
Qualitative improvements, in this research, maypéerceived in the form of physical and social vuliity
reduction through conservation of local seismic starction practices (i.e., human/cultural/manufesdu
capital).

Commonly, development is called sustainable whdaeaites the total capital stock at least unchangett
improved [20-23]. In other words, in addressinigr-generational equitydevelopment is sustainable if the next
generation has at least as much capital as thedirecgeneration. Within this dominant view, howevetal
capital conservation has been interpreted diffeyearid debates have culminated into what is forynlaiown
as thecapital substitutabilitytheory with the establishment of two main oppostagnps, theveak and the
strong[24]. The fundamental element of dispute is basedhe interpretation of capitabnservatiorin regard
to its exclusion ofor allowance forchange. Given that total capital comprises of {memore) interdependent
sub-capitals, questions are raised as to the etttentapital stocks are to be conserved in #ggregateform,
thus, allowing for substitution between the varidosnms of sub-capital or whether each sub-caphalu& be
conserveger se(leading, naturally, to overall capital conserga)i without allowing for change to occur in the
form of substitution. For advocateswéak sustainabilitysubstitutability is permissible such that onenfaf
capital may be reduced, as long as another foraugsnented accordingly [25]. Technocrats embraceakw
sustainability stance, as they tacitly accept teeletion of natural and cultural capital by coni@nsto
manufactured and financial capital [26]. Under fhesspective, it may be argued that, local seismmistruction
practices should be substituted by state-of-theemtinology and the more advanced knowledge pértpio
such technology. This approach is fostered by naidhe current training and practice of engineeaisereby
university curricula, research programmes and desagles exclude, in most cases, the study, expetéatien
and use of local materials and practices [27, 28fvocates ofstrong sustainabilityhowever, argue that for
development to be sustainable, it is not sufficienimaintain a total aggregate capital, but insteagreserve
individual sub-capitalgper se as at least parts of these sub-capitals (termeticatrportions) are non-
substitutable (i.e., they complement each othe®) P5]. In particular, it is the natural capitabtineeds to
remain constant over time, given that some oftasksis non-renewable. According to Turner [30]sthiew is
founded on the principles afncertaintyover the functioning and total value of sub-cdpjtareversibility
stemming from degradation and loss of sub-capitaiscality of some sub-capitals (especially natural capital)
and the relative scale between one sub-capitaspect to another.

Under such a perspective, local seismic constmgifactices and the buildings constructed with qureletices
may be perceived as a non-renewable form of capitdltherefore should be conserved intact, asacyetp
future generations. Critics may, however, argueattgurdity of this extreme form of strong sustaititgion the
grounds of countering the continuous and unavo&phbbcess of evolution, stifling, thus, developm&6t 31].



Furthermore, such an extreme perspective failgltivesss the shortcomings and incompleteness of@ny 6f
knowledge or artefact, by resisting change andvation and assuming that non-renewable resourcasicgsh
never be used up [32].

It becomes clear that a spectrum of sustainalmityceptions has emerged over the years, wéhkandstrong
occupying the very ends of the spectrum and moelévetak or strong) sustainability the space in betw In
regard to this research, a (moderate strong) sadtidity approach would entail the conceptualisatid local
seismic construction practices as capital, whoses@wation needs to be addressed not only vis-dtwis
perceived physical purpose (i.e., with regardsht ghysical vulnerability of buildings constructeith such
practices), but also vis-a-vis the effects its eowation will have in the wider context of develogmh (i.e., to
what extent this conservation is feasible and dbhai), as advocated also in the Charter on the Bainacular
Heritage [33].

Until recently, for engineers (and other technicélbsed specialists), local seismic constructi@tipres have
rarely comprised an explicit subject of inquiry. timost cases, it was the buildings constructed witbh
practices that have posed concerns over their ooatsen. However, for engineers, conservationkslii to be
premised upon the structural ability of buildingsresist future earthquakes and provide adequatdsief
safety; namely, avoiding collapse and minimisingneges [34]. While unarguably structural capacityais
critical concern in the decision-making processrothe buildings’ conservation, assessment of playsic
vulnerability and establishment of required actidos structural strengthening, repair and maintepaare
unlikely to resort to conservation of local seismimstruction practicgser se.In other words, for local seismic
practices to be conserved, they need to be actamhied in the construction of new buildings amd only in
thead hocrepair of existing structures following earthquakemage. This is a second point of criticism of the
technocratic approach, which by failing to concefite local seismic construction practices as agdimits
decision-making on technical grounds and allows gnadual degeneration of a, strictly speaking, non-
renewable resource [35].

The conceptualisation of local seismic constructicactices and the buildings constructed with quelttices

as capital extends the debate over its conservatoa much wider group of stakeholders. In thiswyie
conservation is no longer confined to the judgmeiexperts [8], albeit this is of crucial importadout

involves also those directly affected by the outesrof the decision-making process [36]. Conseqyetitis

leads to a more participatory process addressingpine extentintra-generational equity8] and providing

useful insights [37] on the major obstacles tha perceived to render the conservation of locatnsiei

construction practices unfeasible. In addition, pkeespectives of many stakeholders are likely forin better

future development plans and policies and enswaie kbng-term effectiveness, as it is now widelgagnised

that failure to account for the needs, aspiratiand attitudes of local people jeopardises the sscemd

survival of future policies [38].

Borrowing fromcultural ecology an important hypothesis formulated by Firey [8&@ftes that the interaction of
socio-economic, ecological and cultural aspectgspln important role in determining local percepsi@ver
resource management (in other words capital coagen). Empirical evidence in support of this hyesgis
[38] suggests the importance of interpreting Iqguaiceptions with regards to the demographic, secaomic
and cultural backgrounds of their holders. Undervthinerability discourse employed in this resed&jhthis

is effectively understood as the influence of ddfa levels of social vulnerability on people’s gegtions. It
follows, therefore, that it is necessary to essdblhow different forms and levels of social vultlity
condition perceptions that in turn affect the deciamaking with regards to capital conservation lbgal
stakeholders.

By synthesising the key ideas introduced in theviptes discussion, the following conceptual framewor
(Figure 1) is proposed for this research, seekimgexplore the contribution of conserving local sets
construction practices as a means to reducing ratilgy and moving towards more sustainable dgwelent.
While some authors have recently demonstrated émeflis of conserving local construction practiegth
regards to augmenting social, financial, environtaleand manufactured capital [7, 40] and, thugirth
contribution towards sustainable development, grelatices have not been, explicitly, linked to doatext of
vulnerability.
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Figure 1. Proposed conceptual framework

FRAMEWORK APPLICATION
3.1 Local seismic construction practices (LSCP)

Lefkada Island off the west coast of Greece wasehas a suitable case-study for the applicatiothef
framework as the research intentionally focuses liigh HDI' country and an area of high seismicity, whereby
LSCP have developed and are still used to a lingtednt today.

Local seismic construction practices in Lefkada pose a dual system of stone masonry (LBSM) andeim
frame (TF) structures. A typical building consiefdwo storeys (4-5 m in height) with stone masocioynd on
the ground storey and timber frame on the firstestoThe first storey is supported by the stoneangsof the
ground storey, as well as an additional set of éimimlumns erected in the interior of the grourtdest. This
secondary (or in some cases primary) system ofstgmown in the local vernacular pentelarismajs what
makes this construction system unique.

These practices demonstrate typically several jplies of good seismic performance such as: sufficie
ductility through the provision of appropriate cestions, adequate stiffness through the use oesteasonry
and timber elbows, structural redundancy that esssgafe failure, structural independency betweentwo
systems to avoid pounding, strength reserves duwéo-design of timber members, multiple pathslo&d
transfer, enhanced damping through infill comparttaksation, diaphragmatic action of roofs and o
lateral bracing to resist shear forces, moderatghhef storeys, moderate weight of storeys to &eied by the
ground storey, symmetrical openings in plan antiaeas well as regular layouts [41].

However, knowledge degeneration coupled with changieeds and socio-economic contexts have imposed
changes in the use and function of structures.dxample, the conversion of the ground storeys ofiyna
buildings into shops has led to the demolition e stone masonry walls and their replacement wiksg
facades. This, in turn, has lead to a critical lfsstiffness of such structures, in cases whegerthsonry serves

! HDI: Human development index as proposed by UN:(kép://hdr.undp.org/reports/default.cfm)



as the main stiffening element [42], compromisithgis, the seismic safety of such structures. Thgies the
pronounced need to study such practices as p#reatider development context in which they cuiseaxkist.

3.2 Social and physical vulnerability

Social vulnerability was assessed using Princigah@onent Analysis (PCA) applied to a series ofdattirs
(e.g., age, gender, education, income level, baNironment, geographic location) for each of ayfdistricts
of Lefkada. The application of PCA allowed for sfgrant reduction in the number of dimensions asnahich
districts need to be compared in order to identiynmon levels of social vulnerability among thenmeT
original data compiled from the latest national wlagon and building censuses [43, 44] was reducedmore
comprehensive set comprising four principal compisienamely, lack of access; oldness of buildiraglst
density and mobility. The principal components wiren used to delimit groups of districts charasest by
maximum within-group similarity and between-groupsimilarity; a process known in mathematical temass
cluster analysis [5]. The optimum number of clusteas identified as two; one representing the moral
interior and declining districts of the island, Vehthe other the more urban coastal and expandstgots
(Figure 2a).
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Figure2: Social (a. left) and physical (b. right) vulnedaliof districts

A physical vulnerability assessment was undertdieesed on damage data collected after the Augu2QD8
earthquake and complemented by worldwide data [A%.PSI methodology developed by Cobuwehal. [46]
was used to obtain a first estimate of the vulnétalmf the building stock of Lefkada. Vulneraliii curves
were then developed for each of the main structtypblogies identified on the island. Figure 3 skow
indicatively vulnerability curves developed for tbaearing stone masonry structures (LBSM) and mgkl
constructed with Lefkada's LSCP (LBSM & TF) (cansted between 1945 and 1960). LBSM & TF is shown
to perform better than LBSM, demonstrating therefits conceived role as an improvement to therlattess.
This finding is important in view of the potentiabplication of the secondary system of support t(pos
construction) as a strengthening means to theirgisBSM building stock. In general, LBSM & TF bdihgs
appear more vulnerable than reinforced concretedrauildings [5].
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Figure 3: PSl-based vulnerability curves developed for boddypologies in Lefkada

To estimate the vulnerability of the stock in eaistrict of Lefkada, each damage grade was firsigasd a
central damage factor (CDF), which represents dlie of the cost of repair over the cost of repfaent of a
building, expressed as a percentage. This allolWwedcomputation of a loss ratio for each districider a
hypothetical earthquake scenario. Through comparigdhe computed ratios, the relative vulnerapitf the
stock of each district was assessed. In order topace the levels of physical and social vulnergbéit the
district level, clustering of the districts based thhe obtained loss ratios was performed usingTtheStep
method, and verified by Ward's and the k-means outh(Figure 2b). Similarities may be discerned agnon
patterns of social and physical vulnerability. &ctf a highly significant, strong correlation wasirid between
the two constructs (variables) (r=0.66 p=0.01), ficoring the initial hypothesis. Finally, superpasit of
physical and social vulnerability patterns in Lefeaevealed that a more appropriate demarcatids dfstricts
amounting to what might be calle@mpositevulnerability, may be based on a three-clustet ahianalysis
(Figure 4).

clusteLOW

B High
—IMediurr

Figure 4: Composite vulnerability by superposition of sbeiad physical vulnerability

For the districts of cluster 1, social and physiadherability were both shown to be lowest, in garison with
the remaining districts of the island. For theriit$ of cluster 2 the converse was shown to be tistricts of
cluster 3 were shown to have high levels of soaigherability, but low levels of physical vulneréityi. This

finding has significant implications for local pleers, as it demonstrates how partial approachesiterability

may fail to identify areas whemmposite (totaljulnerability is likely to be highest, and to higtlt the need
for prioritisation when drawing strategies towavdinerability reduction.



3.3 Perceptions

Perceptions of local seismic construction practigese analysed by means of data collected by aiguesire,
with the aim of exploring differences in perceps@and behaviours between the populations of thectuaiers
and examining thus the hypothesised link in theppsed framework. Significant differences in pertep held
by the respondents in each cluster, as well as theaviour vis-a-vis construction and attributdéstheir
residences, were detected for more than half oinitladed questions. The key barriers for the corat®n of
the unique local seismic construction practiceswébin Lefkada (LBSM & TF and TF), as perceived hptth
groups of respondents, are considerations pergpioipurchase/construction costs, maintenancentiéetosts,
and incompatibility with basic building requiremejb].

While earthquake safety and cost considerations tlaee most fundamental factors for all questionnaire
participants, the respondents of cluster 1 appeletmore sensitive to environmental, aestheticlamdiscape
compatibility issues, while those of cluster 2 appmore concerned with the support of the locaheowy.
With regards to trade-offs, earthquake safety issiered by all respondents as the parameter tledst
compromised. However, while this may be perceivedttee desired behaviour in decision-making (i.e.,
prioritising safety in earthquakes above all otharameters), the mismatch between those residitignlver-
frame buildings and those considering timber-framaidings to be the safest construction material practice
reveals that behaviours do not always adhere tceptons. Respondents in cluster 2 tend to aspiradre
contemporary construction practices and the adsacigerceived) improvements in the quality of betion,
and are likely to prioritise this aspiration ovéher concerns. However, support of the local econ@among
their key criteria, given their deprived economamditions. Respondents in cluster 1 appear to ke mvdling

to prioritise environmental, ecological and soaahcerns over cost concerns. These findings malyekter
understood and more formally explained by Inglébaif47] theory postulating thatpeople with
‘Postmaterialist’ values — emphasizing self-expmssind the quality of life — are much more apt t@edigh
priority to protecting the environmeipt..], than those with ‘Materialist’ values — emphasiziegpnomic and
physical security above all

Taking into account the historical evolution of tis® clusters, and the current demographics in eaeh it can
be seen that the older and less educated populatiioh Inglenhart termMaterialist, is found in cluster 2.
This population is the most economically depriviadr(g under the poverty threshold) and occupies didest
stock, constructed in its majority of stone masoyrthermore, physical security in earthquakesappto be
still a major concern for this population, as tlewels of perceived safety reveal. It becomes cleam
Inglerhart’s theory, that for this part of the ptgiion, conservation of local seismic constructjpactices is
only likely to be endorsed, if the direct links thie contribution of conserving this form of capitalthe less
developed and highly desired forms of capital (digancial) are made explicit. For the populatiorcluster 1,
however, conservation may be endorsed not onlyherbasis of economic benefits, but on perceiveikoc
aesthetic and environmental benefits for the isldimik is an important finding for decision-makatghe local
authority level, which should be taken into accowhien drafting policies to incentivise the localpptation
towards conservation of LSCP and buildings congddigvith such practices. The analysis highlights lhacal
context can be taken into account and how localikedge of the population vis-a-vis its needs argirasons
is likely to offer valuable information towards ettive policy-making.

5. MAIN CONCLUSIONS

The application of the proposed conceptual fram&worthe chosen area of study revealed among others
high degree of correlation between patterns ofad@eid physical vulnerability; ii) the significant@r planners
to considercompositevulnerability rather than partial conceptions (giogl or social), in order to demarcate
appropriately and attend to the needs of, the malsierable areas; iii) the influence of social \eribility on
perceptions pertaining to capital conservation, aadsequently the importance for planners and ieeis
makers to address the different needs and prisiitiethe concerned populations when drafting relepalicies
[5]. Indicatively, it is acknowledged that furthetork is necessary in order to refine the proposathéwork
and examine its applicability in different settings
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