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Abstract: Natural disasters such as earthquakes have affected urban historical centers severely.
Considering the limitations of the existing methods in conservation and preservation of these
sensitive areas, and recentadvances in technological devices and techniques such as GIS and 3D
printers, this article aims to propose a new methodology utilizing available knowledge and
resources. The authors of the present research propose an innovative, technological, and highly
accurate method to assess the seismic vulnerability of historical contextures rectifying the existing
obstacles and limitations. Through this methodology, the level of trial and error is substantially
reduced and the output is stronger, more optimized and more conservative as compared with
commonly used methods. Using high tech principlesand theoretical foundations (i.e., sustainability
principles) this method achieves updated analyses, practical plans, and economic optimization.
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1. Introduction

Confronting natural disasters and alleviating their detrimental effects are from among the most
controversial issues in the realm of environmental studies (DAW & UN/ISDR, 2001). Natural
disasters such as earthquakes have affected human residential settlements especially urban
environmentsseverely. Due to the concentration and density of human lives and material and
intellectual capital, urban environments are prone to disastrous demolitions that can lead to
detrimental consequences.

Urban environments are composed of several distinct districts formed on the basis of their
physical andfunctional characteristics. Historical centers in urban areas and historical buildings are
endowed with aunique organic context of sociocultural and identity-oriented features. Consequently,
these areas shouldnot be compared with other urban areas physically, functionally, economically,
and socially. As one ofthe most vulnerable areas to earthquake, historical cores are in urgent need of
attention considering theirunique architectural, social, economic, and historical aspects (Carocci,
2001).

Recent earthquakes have necessitated the investigation of vulnerability of the ancient historical
contextsresiding in the urban cores more than ever. The damage inflicted on the context and buildings
located in the urban historical cores due to earthquakes in various cities [Bhuj (India, 2001), Bam (Iran,
2003),Sichuan (China, 2008), L’ Aquila (Italy, 2009), Gorkha (Nepal, 2015) and recently Amatrice (Italy,
2016)] all bear witness to this fact (Carocci, 2011).

As more significance is often attached to single historical buildings, the aged organic urban
texture intertwined with these single structures is usually ignored (ICOMOS/ISCARSAH Commiittee,
2005). The authors of the present article believe that strengthening historical monuments in historical
cores should be viewed in the context of conservation of their surrounding structures. Otherwise,
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destructionof the surrounding historical texture under earthquakes or the passage of time would
drastically lessen the worth of these monuments.

The methodology proposed in the present research aims to maintain the uniformity and spatial
structureof the historical cores in cities. Thus, along with strengthening of these buildings to lessen
their seismicvulnerability and facilitation of rescue and relief operations subsequent to the occurrence
of earthquakes, the methodology also considers the strengthening of walls and passageways
(Salgado-Galvez et al., 2016; Novelli, D’Ayala, 2015). Various commonly-used novel techniques in
design, construction and prefabrication or in situ elements can be employed for strengthening the
walls (Jahangiri and Jahangiri,2012). Innovative techniques are recommended for connecting prefab
elements or maximal use of optimized highly-effective connections using strands (Jahangiri et al.,
2017).

Finally, it should be mentioned that historical conservation and preservation processes such as
retrofitting and consolidation turn out to be ineffective unless vulnerability studies are undertaken.
In recent years, numerous methods have been employed to assess the seismic vulnerability of urban
structures. Nevertheless, urban vulnerability management has been mostly undertaken outside the
framework of a uniform and comprehensive planning so urban decision makers are usually incapable
ofarriving at a deep spatial understanding of the circumstances. Thus, the decisions adopted in this
regard(lessening the risks involved in earthquakes and strengthening processes) are predominantly
ineffectiveand insufficient.

Considering the above, attainment of sustainable development and conservation of the historical
contexts can preclude the waste of capital and energy dissipation. Hence, a novel organized and
uniformapproach to protection of historical and cultural areas seems to be in order. This research
plans to propose anew methodology that draws upon both vulnerability assessment and vulnerability
mitigation.

1.1. Objectives of the Study

The most fundamental principle governing conservation of historical centers is to minimize
interventions and to maximize conservation of these historical textures (Lourengo and Roque, 2006).
Other subsidiary objectives in proposing the new methodology are:

e  Moving toward the achievement of sustainable development in urban environments

e  Overcoming the existing limitations and obstacles in conserving historical centers

¢  Reducing the substantial level of trial and error in existing procedures

e  Unifying two separate stages of vulnerability assessment and vulnerability mitigation in one
process

e  Facilitating rescue and relief operations

e  Maintaining the uniformity and spatial structure of urban historical centers by conserving the
whole spatial unit and not single monumental buildings alone

e  Conservation of historical and architectural values and worth of the context

e  Improving environmental and ecological health.

1.2. Limitations of the Study

As the present paper focuses on the urban historical cores, a lump of issues, unknowns, and
hindrancesmay be envisaged in the course of advancement of this research. These limitations include
the following:

e Lack of access to data relevant to materials used in the construction of the historical context

e  The intertwined organic and complicated morphology and context of the area

e  Lack of access to geometric data related to the context and its existing monuments

e  The high variety of mechanical features resulting from different skill levels of workforce and
the use of natural and local materials

e The problem and high cost associated with the specification of mechanical characteristics of
materials used in the context/historical monuments

e Lack of access to data on the internal core of structural elements in historical areas
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e  Lack of distinction and indifferentiation in the construction sequences

e  The high variation in the architectural styles during different historical eras and consequently in
the determination of the level of strength of the structure against seismic events

e Lack of knowledge on the present status of damage in the structures

e  Paucity or lack of regulations, laws and practical codes

e  The high number of elements involved

e  Thelaws and regulations on the conservation and protection of historical areas as world heritage
which monitor and restrict detrimental and unjustified interventions, the opportunity for
extensive renovation and reconstruction in these areas, and

e  Substantial changes in the cores and construction of structural elements accompanied with long
construction periods.

2. Methodology

As was mentioned earlier, the authors of this paper aim at presenting an innovative
methodology to rectify the defects of previous methods. Meanwhile, there are numerous approaches
and categories for seismic assessment mainly based on basic analyses (data, methodology, and
results) in each approach (statistically-based, mechanical approaches or based on professional
opinion) or as a function of information resources (operational, analytical, theoretical or empirical).
From among the most commonclassifications and categories one can refer to European Partnership
which categorizes methods on the basis of details, assessment scale, and use of data into three general
levels (Vincente et al., 2014). The first category of approaches employs a large level of qualitative
information, i.e. typological data (Gavarini, 2001; Vicente at al., 2011). The second level of approaches
is based on mechanical models and high quality information (geometrical and mechanical). The third
category incorporates the application of numerical modeling which necessitate accurate and precise
structural assessment and monitoring (Vicente, Parodi, Lagomarsino, Varum & Silva, 2011). The most
recognized and acceptableclassification system, as described by Petrini and Corsanego, is outlined in
Table 1.

Table 1. Vulnerability assessment categories developed by Petrini and Corsanego.

Techniques Descriptions

Two major methods are employed: Typological and mechanical. Using a straightforward
mechanical model, typological methods classify structures in terms of materials,
construction techniques, structural characteristics, and other factors exerting an effect on the
seismic response. The possibility of damage is assessed onthe basis of observation of the
damages sustained subsequent to the occurrence of the earthquake and professional

Direct
Techniques knowledge of the field. Mechanical methods are employed to predict the seismic effect on
the structure using a straightforward mechanical model. Depending on the model selected,
the method can be further subdivided into several subcategories (i.e. simple and
complicated). Methods based

on simple mechanical models are appropriate for large scale analyses (i.e. a large number
of buildings) only requiring a limited number of input parameters.

Indirect techniques incorporate the specification of a vulnerability index and determination
of the relations between damages sustained and the intensity of the earthquake which are
supported the statistics of the casualties and damages after theoccurrence of the earthquake.
Indirect This type of assessment has been extensively employedin large scale vulnerability analyses

Techniques including the determination of the vulnerabilityindex with reference to observations of the

characteristics of the shell structure of the building on the basis of simple structural

calculations and specification of the factorsinfluencing seismic response. The method

requires an extensive database of typological and mechanical characteristics of the
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structure and relies on damages

observed subsequent to previous earthquakes to further classify vulnerability.

Traditional techniques are necessarily of an innovative nature presenting a vulnerability

index independently of the prediction of level of damages sustained. This method is utilized

Traditional
Techniques to compare various structures having a single typology in a specificregion. In this method,
characteristics exerting an effect on seismic resistance
are investigated with the results being calibrated with reference to professional opinions.
Hybrid vulnerability is a combined method for assessment of vulnerability of buildings
against seismic events which blends experimental and analytical methods to remedy the
Hybrid deficiencies of these two methods. In the hybrid method, more than one method is utilized
Techniques to estimate the seismic vulnerability selecting the most optimalmethod as per the available

information whose practice is suitable with

heterogeneous data.

Despite the fact that none of these categories have been fully developed for estimation of levels
of vulnerability in historical contextures, they are extensively employed in the historical cores of cities
(D’Ayala and Novelli, 2013). Consequently, a number of dimensions and factors influencing
performance of historical buildings in existing approaches and methods are ignored. Also, most of
thesemethods have been developed to assess the seismic vulnerability of single structures and prove
to be ineffective in assessment if urban contextures (historical and heritage buildings, old buildings
of no historical and cultural value, paths and passages, walls, ...). In addition, due to the dependence
of somemethods on ability, experience and interpretation of the surveyor the reliability of these
methods are questionable.

Furthermore a large number of these methods are undertaken independently of the vulnerability
of the buildings under study and are based on the basis of observation of the damages sustained
subsequent tothe occurrence of previous earthquakes. Meanwhile, there is a paucity of observations
conducted in the case of low to moderate seismic vulnerability (Vicente et al.,, 2011). Other
disadvantage associated withthe existing methods include the effect of expert perspectives and
opinions, incompatibility with the new environmental conditions (i.e. being inapplicable to new
environmental surroundings), failure to update the information, focusing on single monumental
structures and ignoring neighboring passageways and contextures, discounting factors influencing
the performance of historical buildings and structures, failure to blend strengthening and renovation
stages in analysis and experimentation processes under various scenarios, lack of cost versus benefit
analyses, and the incapability to prioritizestages and areas of intervention in the contexture, inter alia.

In proposing a new methodology that is free from the aforementioned shortcomings, the focus is
mainlybased on the technological advances in the creation of 3D prototypes and the feasibility of
seismic experiments and the investigation of strengthening scenarios of these prototypes. In other
words, it appears illogical to insist on using traditional and unsatisfactory methods considering the
latest developments in 3D printing. Drawing upon the latest technological advances, one can bridge
the gap between seismic assessment and evaluation and the initiation of the historical contexture
strengtheningwith reference to the strengthening scenarios in the mechanical and numerical fashion.
This is especially the case when one considers the fact that the specific features of historical areas and
the incapability ofcompensating for the damages sustained due to seismic events, justify maximal
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application of present knowledge, available budget and technologies. Using this approach, various
seismic scenarios and urban contexture reactions can be examined to adopt the most optimal
strengthening method considering the budget and facilities available.

Due to the idea of using 3D printing techniques in conserving historical city centers, this study
focusedon how practitioners and professionals viewed this application and methodology making the
Delphi Technique a logical choice as it utilizes open-ended questions, makes it possible to interview
practitioners, and investigates the likelihood of reaching a consensus (Linstone, 1975). In addition,
the Delphi technique allows for the iterative process of refinement and provision of feedback to the
participants furnishing the participants with the opportunity to adjust their opinion(s) anonymously
(Reynolds et al., 2007). For the objectives contemplated in the present research, a panel consisting of 15
national and international experts from various backgrounds was selected on the basis of their
publications, academic positions, and qualifications. A Delphi study consisting of three rounds was
adopted to investigate the research proposed methodology thus exploring how professionals view
3D printing applicability in conserving and strengthening historical centers.

In phase 1, the first draft of conserving historical areas by the use of 3D printers was emailed to
the panel who were asked to write down their opinion on 3D printing application methodology in
urban historical district conservation processes. The first phase resulted in several suggestions and
modifications to the process. In phase 2, the second draft was developed on the basis of the analysis
of responses to the first draft. In this stage the correspondents were asked to indicate the extent to
which they (dis)agreed with the application of 3D printers and the chronology of the process
developed for conserving urban historical centers using this technique marking a six-point scale
ranging from “strongly agree” and “mostly agree” to “strongly disagree” while justifying their
rationale for their vote. Phase 3involved administration of the second modified version of the
methodology (with the use of the information gathered in phase 2) which asked the participants to
vote on the applicability of the proposedmethodology emerging from the analysis of the second
phase. By the use of the Delphi technique, authors of the present paper were able to achieve
consensus on the use of 3D printers in conserving historical centers among the experts. In other
words, after comparing and justifying the opinions and suggestions of the panel, the efficiency of the
methodology was approved. The application of Delphi technique was most effective in omitting
parallel procedures such as public reinforcement of walls andhistorical paths and the use of 3D
printers for completion and optimization of the process. The detailedresult of this process is
presented in the next section.

2.1. Procedure of the New Method

The new methodology will be conducted in three stages (Figure 1): First, using GIS techniques,
positioningand geometrical modifications of the selected area are performed (as depicted in Stage A).
Secondly, inStage B, simulation of the selected block/area will be conducted through numerical and
experimental analyses. All the procedures related to prototype testing will be performed using 3D
printing in appropriate scales and simulation of the materials will be conducted via direct
experimentation. The results emanating from stages A and B will be employed as the finalized
geometry of the selected blockaccompanied with the properties of materials in monuments and strong
elements. Finally, in Stage C theconditions governing urbanization, architecture, and optimization will
be elicited and directly employed.Using 3D modeling, remote sensing, and 3D printing techniques,
the enhancement of accuracy of processes is made feasible (Moradi et al., 2015).
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Figure 1. Stages involved in surveying, scaling, 3D printing, numerical analysis, and experimentation
on theselected block prototype.

For data collection and data base formation and to overcome the limitations arising from lack of
accessto structural, constructional, and architectural information on the urban historical contexture,
aerial photos, remote sensing techniques, and GIS were employed. This technique is also capable of
being utilized in areas lacking basic information. In this method, data collection occurs at three areas
of architectural typology, defects and structural and nonstructural characteristics of the buildings,
and social and demographic features. All the data collected are blended into a data base management
systemin GIS subsequent to processing so as to manage, compare, and analyze the data being
collected. The output of this stage consists of a 3D environment of the case accompanied with
information on the materials in mesh fashion and appropriate format, capable of being transferred to
other software environments.

At the next stage (i.e. seismic vulnerability evaluation and assessment), both analytical and
experimentalmethods are employed. In the analytical subdivision, numerical methods are employed
to estimate seismic vulnerability and, in parallel, direct experimental tests are conducted on the
prototype scaled from a simulated historical area using 3D printing and seismic table. During the
process, numerical analyses are verified using FEM and experimental records optimizing the process
with the least trial anderror.

Finally, in the process of vulnerability mitigation, the proposed method is investigated,
simulated, and verified with reference to various criteria. Although the recognition of the level of
intervention, strengthening techniques, and feasibility of applying strengthening elements all depend
on feasibility ofthe method selected in view of the principles and criteria for intervention in historical
contextures.



Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 7 March 2023 d0i:10.20944/preprints202303.0124.v1

3. Conclusions

On the whole, it can be asserted that the present paper aims at investigating the seismic
vulnerability ofhistorical contexts in urban cores and to estimate the level of vulnerability using an
innovative and technological approach to lessen these damages. As the main issue in the economic
optimization of historical areas conservation techniques is the lack of modularity and prefabrication
of strengthening elements, prefabrication techniques are also utilized to renovate, strengthen, and
consolidate these urban contexts. It is strongly hoped that using this method, a compatible approach
to sustainable developmentof historical contexts across the globe will be obtained. It is worth
mentioning that the results emanatingfrom the present research may exert a substantial positive effect
on the attainment of sustainable development through savings in energy consumption (lessening the
casualties and damages inflicted onthe structures, substructures, and human resources), and
enhancing seismic resistance. The advantages emanating from the present research include, but are
not limited to the following;:

e Innovation and creativity in vulnerability assessment procedures for context and intervention
techniques

e  Facilitation of community and private sector participation and preparing the groundwork
necessary for collaboration of general and public sectors of the society

o  Feasibility studies on the expansion and correspondence of the approach contemplated in the
present proposal in countries possessing historical and earthquake-stricken contexts

e  Preparing the groundwork necessary for simultaneous occurrence of the three stages of
rehabilitation, strengthening, and renovation in the process of intervention and consequently
saving on financial, temporal, and workforce-related costs.

e  Maintaining the cohesiveness and uniformity of urban historical contexts and precluding the
disjuncture in spatial structure of these unique contexts, and

e  Facilitating supervision of the quality of design, construction, and implementation of
prefabrication parts.
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