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ABSTRACT: 

 

In general, relevant actions to retrofit heritage should be considered before the occurrence of earthquakes. This proactive approach is 

preferred, rather than a reactive approach in an emergency situation, following the earthquake. These preventive actions are known 

as disaster mitigation, risk mitigation, disaster risk management, seismic upgrading and preventive conservation. In the case of 

vernacular heritage, poor workmanship, lack of financial support, vast number of buildings, and the use of weak material lead to the 

need to conduct efforts to develop preventive conservation methods with relevant criteria. All these actions were directed to 

protecting vernacular heritage from multiple potential damages that could threaten this architecture in the future. In recent years, 

records of casualty and losses due to earthquakes reveal that seismic events can be one of the most destructive potential damages for 

building, especially if constructed with a weak material, such as adobe. There is little literature concerning preventive conservation 

of vernacular adobe buildings, which are at risk from earthquakes. Vernacular architecture needs more consideration due to the high 

number of vernacular dwellings worldwide but especially due to the inhabitants’ safety. Failure to recall the effects of destructive 

earthquakes with a large recurrent period of seismic actions, but also economic reasons lead to the neglect of these important 

preventive solutions. The main objective of this paper is to emphasize that a comprehensive conservation procedure related to 

prevention of casualties and damage of vernacular adobe heritage located in seismic-prone regions, should consider relevant 

principles and criteria for the conservation of cultural heritage. In the field of preventive conservation of adobe vernacular heritage 

located in seismic-prone regions, there is some confusion concerning the relation between the conservation process and the seismic 

protection process; the importance and need of conservation principles in seismic protection procedures; and also the role of the 

architect and of the engineer in these processes. These matters will be discussed in the current paper. 
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1. INTRODUCTION 

Destruction of vulnerable construction such as adobe heritage in 

face of an earthquake causes real threats to the safety of 

inhabitants and also to the continued existence of vernacular 

adobe buildings. Due to this fact, there is a need for seismic 

upgrading of adobe heritage at risk of an earthquake. The 

majority of the research, regarding historical adobe buildings in 

seismic area, reflects on the structural and the technical aspects. 

Most of the research considers the terms seismic reinforcement, 

strengthening, retrofitting, stabilizing, protection and 

improvement of adobe buildings. In the engineering community, 

the expression conservation of adobe architecture in seismic-

prone regions is not of common use. There are only a few 

references regarding the historical earthen buildings in the seismic 

area with the title of “conservation of earthen architecture 

heritage” (Montes, Giesen, 2010; Vargas-Neumann, 2012). 

 

Based on the body of literature, conservation is known as a 

process to prolong the life of heritage and preserve it for future 

generations with respect to their cultural and historical 

significance. Based on the Lima Declaration, the first priority of 

conservation of heritage in response to disasters, such as 

earthquake occurrence, is saving human lives. The preservation 

of historical features, the integrity, and the authenticity of the 

built heritage should be taken into consideration as the next goal 

in the conservation of heritage. However, it is important to 

balance between these two main objectives of the procedure: 

seismic retrofitting to provide safety, and preservation of 

historical and cultural values. 

 

In a conservation process, conservation value and conservation 

principles are the two main issues contributing to the definition 

of conservation intervention criteria (Correia, Walliman, 2014). 

Conservation values have fundamental issues in a conservation 

process and help to systematically set overall priorities in 

choosing proposed interventions (Feilden, 2003). Conservation 

principles present the basic concepts of conservation.  

 

In the case of heritage in seismic-prone regions, definition of 

seismic safety criteria instigates better decision-making for 

intervention strategy and techniques in the conservation process. 

Due to the diversity of seismicity in different regions, seismic 

safety criteria should be established for each region, based on 

their specific conditions related to the seismology and probable 

seismic events of each area. However, there are different 

intervention techniques and materials for adobe building 

stabilization.  
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It is noteworthy to mention that methodology of conservation 

for heritage in seismic regions could be classified into two 

categories; conservation of heritage before a probable 

earthquake (pre-earthquake conservation) and conservation of 

heritage after an earthquake occurrence (post-earthquake 

conservation). The former has been considered in the current 

study. As stated in the goals of ICOMOS and ICCROM, 

creating a culture of prevention before the earthquake event is 

necessary and much more cost-effective, due to the fact that 

responding to emergencies following an earthquake cannot be 

efficient, especially when the damage is irreparable 

(UNESCO, 2010). Therefore, considering the vulnerability of 

the earthen architecture heritage in seismic-prone areas, 

conservation principles should focus on preventing the 

irreparable collapse of the structures during extreme 

earthquakes. Accordingly, it is important to evaluate the 

seismic safety before an earthquake occurs to be able to define 

an appropriate intervention strategy. This could result in 

seismic retrofitting and the saving of lives, while also 

preserving the cultural and historical value of the built 

heritage (Correia et al., 2014). Seismic retrofitting of the 

heritage before seismic events, which is a part of a 

comprehensive conservation procedure, could also be named 

as a preventive conservation of heritage. 

 

The main objective of this paper is to emphasize the need for a 

comprehensive conservation procedure related to prevention of 

casualties and damage to vernacular adobe heritage located in 

seismic-prone regions, while considering the relevant principles 

and criteria for conservation of cultural heritage.  

 

In the field of preventive conservation of adobe vernacular 

heritage located in seismic-prone regions, there is some 

confusion concerning the relation between the conservation 

process and the seismic protection process; the importance and 

need of conservation principles in seismic protection 

procedures; and also, the role of the architect and of the 

engineer in these processes. These matters will be deeply 

discussed in the current paper. 

 

2. FIRST QUESTION 

- Is the seismic retrofitting/strengthening process 

considered as a part of the conservation process or does it 

stand on its own? 

 

In the field of cultural heritage protection in specific earthquake 

zones, between all the Charters and Declarations, reference can 

only be addressed to the Lima Declaration. Lima Declaration 

for Disaster Risk Management of Cultural Heritage (UNESCO, 

2010) has been established by cultural heritage professionals, 

architects, archaeologists, structural engineers and other 

specialists in the “Symposium on Disaster Risk Management of 

Cultural Heritage, Sustainable Conservation of Urban Cultural 

Heritage in Seismic Zones”. The Declaration emphasizes the 

need to establish comprehensive disaster mitigation for cultural 

heritage by expert committees and multidisciplinary specialists 

(ICOMOS, 2010, Art 6). Although, this declaration named the 

process of protection of cultural heritage in earthquake zones as 

disaster risk management, and not as a conservation procedure, 

it emphasizes that this procedure should be comprehensive and 

all encompassing. 

 

The ICOMOS Charter of “Principles for the Analysis, 

Conservation and Structural Restoration of Architectural 

Heritage”(ICOMOS, 2003) and the ICOMOS/ISCARSAH 

“Recommendations for the Analysis, Conservation and 

Structural Restoration of Architectural Heritage” (ICOMOS-

ISCARSAH Recommendation, 2005) consider all the 

architectural heritage. It is noteworthy to mention that in their 

title, conservation and structural restoration (and seismic 

retrofitting could be a part of structural restoration) have been 

addressed individually. However, ICOMOS-ISCARSAH 

Recommendation (2005) recommends to provide decisions by 

the conservation team, as a whole and to take into account both 

the safety and the stability of the structure, as well as 

considerations of historical and cultural values of the fabric. 

D'Ayala (2014) also mentions the conservation team, and the 

seismic engineering community as two individual expert teams, 

although, the need for collaboration between these two teams 

has been emphasized more than once. 

 
The majority of the research, regarding historical adobe 

buildings in seismic areas, considers the structural and the 

technical aspects. Most of the research considers the terms 

seismic reinforcement (Blondet et al., 2006; Vatandoust, 

Mokhtari, Nejati, 2008), strengthening (Sathiparan, Meguro, 

2015; Sumanov, 1999), retrofitting (Michiels, 2015; Tolles, 

2006; Tolles, Kimbro, Ginell, 2003; Varum et al., 2014), 

stabilizing (Barrow et al., 2006; Tolles et al., 2000), protection 

(Blondet, Aguilar, 2007) and improvement (Dowling, 2004) of 

adobe buildings. Usually in the engineering community, the 

expression conservation of adobe architecture in seismic-prone 

regions is not commonly used. There are a few references 

regarding historical earthen buildings in seismic areas with the 

title of “conservation of earthen architecture heritage” (Montes, 

Giesen, 2010; Vargas-Neumann, 2012). In Terra Literature 

Review, “Earthen Material Conservation” (Oliver, 2008) and 

“Seismic Damage of Earthen Structure” (Webster, 2008) have 

been embraced separately in different chapters.  

 
The Getty institute named one of the research projects on 

historic adobe structure as “Seismic Stabilization of Historic 

Adobe Structures” which, provides information on how to plan 

for and access further information on the retrofitting of 

historical adobe buildings (Tolles et al., 2000). Another Getty 

project is, named “Planning and engineering guidelines for the 

seismic retrofitting of historic adobe structures”, research and 

testing of adobe structures to evaluate retrofitting 

methodologies have been conducted to ensure safety standards 

while preserving the historic architectural fabric (Tolles et al., 

2003). Although in a later project, the title of the project 

became Seismic Retrofitting, Tolles et al. (2003) claimed that 

seismic retrofitting was a specific type of structural 

stabilization or intervention, which was considered as part of 

the preservation treatment.  

 
In the development of the conservation and seismic retrofitting 

projects performed in Peru by Cancino et al. (2016), the 

retrofitted projects followed a principles-based conservation 

approach, and two groups of engineering principles and 

conservation principles have been determined, in order to 

address decision-making. These retrofitting projects have 

comprised the recommended methodological component for a 

comprehensive conservation procedure and could be named as a 

conservation project. 

 
It should be pointed out that seismic retrofitting actions were 

embraced as part of the broad-scope conservation programs or 

stand alone as an individual project. However, the latter entails 

providing a seismic retrofitting strategy consistent with 

conservation principles and coordinated by a multidisciplinary 

expert’s group. 
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3. SECOND QUESTION 

- In the seismic protection of adobe vernacular heritage, 

respecting the conservation principles is important and 

recommended, but how should this be evaluated? How 

can the conservation team distinguish that the proposed 

techniques are the most adequate? 

 

All the preventive intervention and mitigation measures should 

have a minimum impact on the heritage values and on 

authenticity and integrity of a cultural property (UNESCO, 

2010). Strengthening might be needed if the structure is 

vulnerable to hazards such as earthquakes. In the seismic 

protection of adobe heritage, respecting the conservation 

principles is important and recommended by all the Charters 

and Guidelines. The applicability and efficiency of intervention 

measures could be evaluated, but assessing their respect to the 

conservation principals, such as compatibility, reversibility, 

authenticity and integrity of the heritage, and applying a 

minimum level of intervention, is a complicated task.  

 

The ISCARSAH principles, in addition to determine the more 

generic conservation principles, such as minimal intervention, 

compatibility, and reversibility of repair, introduce specified 

concepts for the structural and seismic behavior of heritage, 

which have direct consequences on their seismic retrofitting. 

The following concepts are presented:  

- “Structural authenticity, which should be preserved as 

much as the architectural authenticity, ensuring that the 

original mechanical and resisting principles governing 

the structural response are not altered and original 

structural elements are not made redundant; 

- Structural reliability relates to the necessity of striking 

the correct balance between the public safety 

requirements and the preservation requirements. 

- Strengthening compatibility relates to the suitability of 

“new” materials and structural elements in terms of their 

physical and mechanical performance when compared 

with original materials and structural elements; 

- Strengthening durability relates to the performance in 

time. The new elements should be durable as to extend 

the expected life of the original structures as intended; 

- Strengthening reversibility relates to the possibility of 

removing partially or totally the intervention if 

monitoring proves that it is not suitable; 

- Strengthening monitorability relates to the possibility of 

observing and recording the performance of the 

intervention solution, to determine its effectiveness.” 

(D'Ayala, 2014, p.491) 

In order to provide applicable and efficient conservation 

intervention techniques, it is fundamental to address 

architectural, historical and structural analyses of heritage. 

Hence, it can be stated that retrofitting strategies cannot be 

planned without identifying precisely specific information on 

the fabric. Tolles et al. (2003) state that in order to initiate 

consideration of retrofit designs for inhabited adobe buildings in 

seismic areas, information should be obtained on the probability 

of earthquake occurrence, the characteristics of the high- or 

low- magnitude of earthquakes that can be expected to occur, 

and also the types and location of historic fabric elements that 

require maximum protection.  

 

For the upgrading of seismic resistance, there is a need to 

understand the nature of historical buildings, especially those 

that are built of weak materials such as adobe architecture 

(Feilden, 2003). However, Tolles et al. (2003) claim that 

structural stabilization and seismic retrofitting of historical 

adobe buildings typically have involved the sacrifice of 

traditional structural systems with the extensive use of structural 

materials that are mechanically incompatible with adobe. 

Indeed, such loss of traditional structural system leads to the 

destruction of the architectural and historical value at the cost of 

providing safety. 

 

In the case of vernacular adobe heritage, lack of standardized 

experimental methods and assessment procedures for evaluating 

the performance of adobe structures cause problems during the 

safety evaluation and treatment measures (Illampas, Ioannou, 

Charmpis, 2011). The complexity of historical buildings; the 

uncertainty regarding material properties; the unknown 

influence of previous phenomena; the incomplete knowledge of 

previous alterations; and the repairs and the lack of information 

about the long-term impact of applied techniques are effective 

factors that makes it difficult to fully understand the historical 

architecture (ICOMOS-ISCARSAH Recommendation, 2005). 

Above the aforementioned reasons, lack of belief of some of the 

conservation experts regarding the importance of structural 

assessment and seismic safety evaluation of historical adobe 

buildings leads to incomprehensive conservation procedures. 

 

For the seismic retrofitting of a vast number of vernacular adobe 

heritage which are in everyday use, besides performing a 

comprehensive understanding and safety evaluation of adobe 

construction, it is important to consider the availability and the cost 

of selected techniques and materials. Tolles et al. (2003) stated that 

funding problems are one of the greatest difficulties addressing 

seismic retrofitting projects. Heritage buildings with private 

ownership, such as the majority of adobe vernacular heritage, have 

encountered funding problems. In such buildings, the current use 

and future use of buildings and the number of permanent and 

temporary settlements are also effective parameters to establish 

intervention strategies. Sometimes, the effect of the 

aforementioned factors on defining the intervention techniques and 

materials exceeds the conservation principles effect. 

 

One of the main problems of defining seismic retrofitting strategy 

for historical structures is to find the balance between structural 

interventions, and the preservation of historical and cultural 

values. Acceptance of the retrofit challenge will provide the long-

term advantage of both historic fabric preservation and life-safety 

guarantee. There is no difference between loss of historic fabric 

following invasive retrofitting techniques and direct fabric 

destruction by an earthquake occurrence, as both are undesirable 

(Tolles et al., 2003). For this purpose, both the conservation 

principles and the heritage condition, architecturally, socially, 

historically and structurally should be considered. This makes it 

clear how the decision-maker should prioritize the public-safety 

concern and the preservation of the heritage value.  

 

It is noteworthy that in the conservation process of a vast 

number of adobe vernacular buildings in seismic regions, it is 

impossible to provide a general technical guideline for all the 

buildings. In such procedures, each intervention method should 

be determined for groups of buildings, based on the studies of 

the building, its typology, building culture and context, the 

defined conservation criteria, and the proposed conservation 

methodology. In addition, the level of intervention of the 

conservation process should be identified considering the 

conservation objective and values, financial resources, building 

function, the life expectancy of the structure and the findings 

emerging from the building studies, addressing historical, 

architectural, structural and social terms. 
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It should be pointed out that the best retrofitting solution for one 

building typology might not be an adequate solution for another 

one, in a different context or constructed with a distinct building 

culture. Besides, in order to specify the best solution, the 

responsible experts should suggest some practical alternatives 

for the conservation multidisciplinary team to consider. 

Furthermore, the compatibility of the proposals with the historic 

fabric together with an estimate for their influences must be 

taken into account by the team. In general, following the 

assessment on how the suggested solutions affect the values in 

the historical building and its significance, one of the best 

according to the Feilden (2003, p.130) is to choose the ‘least 

bad’ solution, considering the fact that every solution has pros 

and cons, in terms of cost, authenticity, durability, reversibility 

etc. The responsible team should generally answer the questions 

of whether the intervention is the minimum required, can it be 

replaced by future interventions, is the authenticity and integrity 

of the built heritage preserved, and many other questions 

regarding the respect of other conservation principles. However, 

the answers for these questions should never be “Yes” or “No” 

and should depend on many effective parameters. Ideally, the 

conservation team should endeavor to reach, an optimum 

solution for heritage in the seismic-prone region. 
 

4. THIRD QUESTION 

- What is the role of structural engineers and conservation  
architects in the protection of cultural heritage located 

in seismic zones? Is seismic retrofitting of adobe 

heritage only an engineering problem? 

 

Structural engineers have developed most of the works on 

heritage retrofitting located in seismic areas and have 

addressed a special focus on the technical aspects. Moreover, 

most of the research about earthen heritage, in particular 

adobe buildings, in seismic-prone regions have been 

developed by the engineering community. The research has 

been concentrated on physical and structural conditions, 

structural performance, material analyses and also special 

strengthening techniques. In the provided recommendations 

derived from such research, no difference between common 

buildings or valuable heritage is observed. Professionals often 

study just the physical aspect of earthen architecture (Blondet, 

Aguilar, 2007; Minke, 2001; Morris, Walker, Drupsteen, 

2011; Tolles et al., 2000; Torrealva, Vargas-Neumann, 

Blondet, 2006; UNIPD, 2012; Webster, 2008).  There is very 

little research that deals with principles addressing 

conservation of earthen architectural heritage in a seismic 

region (Correia, Walliman, 2014), and no relevant 

intervention techniques have been considered (Vargas-

Neumann, 2012; Vargas-Neumann, Blondet, Iwaki, 2010). 

Through the revision of the literature, a few research projects 

have been identified with a focus on the specified adobe 

monument or archaeological site in the seismic-prone regions 

(EERI, 2004; Maïni, 2004; Manafpour, 2003; Vargas-

Neumann et al., 2011; Webster, Tolles, 2000). It should be 

stated that the Getty Conservation Institute has conducted one 

of the projects that has tried to identify and evaluate seismic 

retrofitting methodologies, in order to create a balance 

between providing safety and the conservation of cultural 

heritage. The title is Planning and Engineering Guidelines for 

the Seismic Retrofitting of Historic Adobe Structures (Tolles 

et al., 2003). 

 
Feilden (2003, p.125) states that the greatest danger to historic 

buildings comes from engineers that are not concerned about 

heritage values and just apply the codes or the engineers who 

are unwilling to take the responsibility of making judgments. It 

is observed that some historic buildings have been severely 

damaged by the incorrect use of codes and standards before the 

earthquake occurrence. This could be due to the absence of 

awareness by non-qualified professionals , when addressing 

conservation of historical buildings. As a result of this gap, 

there is a tendency for some engineers to perceive conservation 

projects like new buildings and apply the same intervention 

techniques (Okten et al., 2016).   

 
Regarding the fact that assessing seismic damage and providing 

recommendations for the strengthening techniques, are mostly 

conducted by seismic engineers, the following question arises: 

why is it necessary to engage an architect in the conservation 

process of heritage in seismic-prone regions?  

 

Tolles et al. (2003) answered to this question properly:  

 

The usual training received by engineers is focused on 

structural and life safety concerns, whereas the historical 

architect is trained to understand what needs to be done -

and by whom- to safeguard the historical, architectural, 

and archaeological features of the structure. This architect 

is also better able to deal with the important aesthetic and 

design issues… Architects are trained not only to oversee 

project planning but also to anticipate the possible 

consequences of altering existing buildings, especially 

with regard to the visual or aesthetic qualities. A 

preservation architect brings the additional qualifications 

of understanding the value of preserving historic fabric, 

knowing how to go about it, and being familiar with the 

appropriate specialists to entrust with various tasks. Also 

a preservation or historical architect, in consultation with 

the owner or site manager, can provide guidance in 

selecting the appropriate treatment. In contrast, engineers 

are adept at solving structural problems efficiently and 

cost effectively (Tolles et al., 2003, p. 28, 33).  

 
Ochsendorf as a structural engineer specialized in the analysis 

and design of masonry structures and as a university professor, 

also addressed the same question:  

 

The first responsibility of an engineer is to work closely 

with the other disciplines-historians to learn the history of 

a monument, architects to learn the design intent for 

future use, conservators to understand the challenges in 

terms of material conservation, and also the property 

owner to understand the owner’s needs and challenges. 

Engineers must then offer a range of solutions that can be 

debated on their merits (GCI, 2015, p.19) 

 
Based on the existing Charters and guidelines, planning for 

the seismic retrofitting of heritage requires the participation of 

multidisciplinary groups of specialists (ICOMOS, 2003, 2010; 

SESOC, 2013). The preservation architect and the engineer 

are the principal members of the design team and if necessary, 

a preservation professional or conservator, as a specialist in 

historical preservation of buildings may be added to the team. 

Moreover, according to the ICOMOS-ISCARSAH 

Recommendation (2005), engineers should provide the 

scientific support needed to obtain safeguard of the cultural 

and historical value of the building, as a whole. Therefore, it 

can be stated that decisions in conservation procedures should 

be the result of collaboration between all members of the 

conservation team.  
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5. CONCLUSION 

In general, conservation is known as a process to prolong the 

life of heritage and to preserve it for future generations 

respecting the cultural and historical significance. Therefore, as 

a preventive conservation procedure, there is a need to take an 

effective action to preserve adobe heritage located in high-risk 

regions, before disaster occurrence. 

 
In seismic-prone regions, the engineering community usually 

performs the majority of upgrading actions of adobe buildings 

within retrofitting projects. However, in seismic upgrading of 

built heritage, the preservation of historical features, and their 

integrity and authenticity related to World Heritage Sites, 

represents key-roles. Hence, the retrofitting actions should be 

considered as part of a broad-scope conservation programs. 
Therefore, it is important to balance seismic retrofitting to 

provide safety and the preservation of historical and cultural 

value. It should be pointed out that seismic retrofitting actions 

sometimes stand alone as an individual project. However, it 

should entail a seismic retrofitting strategy consistent with 

conservation principles and coordinated by a multidisciplinary 

expert group. In the seismic protection of adobe heritage, it is 

important and recommended by all the Charters and Guidelines, 

to respect the conservation principles. Ideally, the conservation 

team should endeavor to reach an optimum solution for adobe 

heritage in a seismic-prone region, respecting the conservation 

principles as much as possible. For this purpose, both the 

conservation principles and the heritage condition, 

architecturally, socially, historically and structurally should be 

considered.  
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