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1 Abstract
Buildings with historical value are regional cultural assets worth preserving. At times, they also represent a potential source of revenue and stimulus for the economical revitalization of their neighbourhoods. The building preservation and restoration is an multidisciplinary activity which makes it difficult to establish rules and codes, and this leaves the designers tapping in the dark. Lack of clear guidelines can easily lead to ambiguities and weakly funded decisions based on past experiences that may also be phallic.

Recently, earth has on numerous occasions shown its power of nature and natural forces by earthquakes. Replacing the existing buildings with “earthquake-resistant houses” is neither feasible nor desirable. Giving the building occupants a fair chance of escape in the once-in-a-lifetime event of a large earthquake should be in everyone’s interest.

Seismic retrofitting of buildings is still a new activity for most structural engineers, and in many countries still a quite neglected topic. This article is presenting the structural renovation theory for historical buildings. The needed approach to the challenge of retrofitting a historical building is shown.  Due to length restrictions the theory is supported by a historical building example strengthened keeping reversibility of retrofitting in mind with only several examples.
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2 A challenge of retrofitting a historical building
Buildings with historical value are regional cultural assets worth preserving. At times, they also represent a potential source of revenue and stimulus for the economical revitalization of their neighbourhoods. The factors used to classify a building as historical may vary in different countries and cultures, so obviously not every aged building falls into historical or monumental category. Though restoration and retrofitting aged buildings is always a challenge.

Retrofitting is a general term that may involve a list of treatments including preservation, rehabilitation, restoration and reconstruction. Keeping that in mind renovating built heritage requires a multidisciplinary approach involving a variety of professionals. The combination of disciplines makes it difficult to establish rules and codes, which leaves the designers tapping in the dark. Lack of clear guidelines can easily lead to ambiguities and weakly funded decisions based on past experiences that may also be phallic.

Built heritage conservation on the other hand has also some clear recommendations like:

· Therapy should address root causes rather than symptoms.

· No actions should be undertaken without demonstrating that they are indispensable

· The design of any intervention should be based on a full understanding of the kinds of action (forces, accelerations, deformations etc) that have caused the damage or decay and of those that will act in the future.

· Where possible, any measures adopted should be “reversible” so that they can be removed and replaced with more suitable measures if new knowledge is acquired. Where they are not completely reversible, interventions should not compromise later interventions.

· etc...

As the time evolves the change in materials and techniques is changing rapidly. This article presents reversible retrofitting techniques used on previous experiences.
3 Building materials and structure evaluation
Recently, earth has on numerous occasions shown its power of nature and natural forces by earthquakes. Casualties and damage associated with older buildings, which were designed and constructed using codes that are now known to provide inadequate safety, are far worse than that for newer buildings which have been designed and built in accordance with strict code requirements. In most cities older buildings built before 1980’s are more numerous than the newer once, built to resist seismic forces. 

Planning the interventions on a historical building differs from that of new ones in an important aspect: the existing construction is basis for all planning and building efforts. The conventional upgrading techniques usually include the addition of walls and foundations and frame strengthening. Most of these techniques often lead to costly consequences such as heavy demolition, lengthy construction time and occupant relocation. Such costly and intrusive approach associated with conventional techniques often deters building owners from preventive retrofitting of their buildings.

The replacement of existing buildings with ‘earthquake-resistant houses’ is neither feasible nor desirable. But preventive upgrading of traditional structures, with the aim of limiting damage caused by average earthquakes and giving their occupants a good chance of escape in the once-in-a-lifetime event of a large earthquake should be in everyone’s interest.
Each building is unique in its own way and hides different problems. Therefore a unique retrofitting approach cannot be specified. When approaching an old building one should be aware that repair and retrofitting techniques should always respect the original state of existence. Any intervention not respectful of the original construction and materials, can create incompatibility in the structure and result with destruction. 
Relatively speaking, seismic retrofitting of buildings is still a new activity for most structural engineers, and in many countries still a quite neglected topic. The past earthquakes around Croatia, like Turkey and Italy were mostly not so much destructive to leave only ruins, but their intensity was such that many errors and mistakes were stressed out. 

In fact, most of the failures were due to lack of knowledge of the materials and of building construction details, which caused a wrong choice of the repair technique and, very frequently, the poor application of it. It is safe to say that there are no bad techniques, but only inappropriate and poor applications due to lack of knowledge and of application skills. Intelligently planned intrusions into the building’s structure can preserve the architectural and the artistic expression of the building.
4 Retrofit planning
If assumed that the structural evaluation is done and the decision to upgrade the existing building has already been reached, identifying the existing problem in the structure is the finest work. A big role in identifying the weak points in an existing structure plays the analysis, which if done correctly can suggest how and what part of the structure to upgrade.
The key to a successful project is determining early in the planning process which areas of the historical property can be altered and to what extent, without causing loss of significance or integrity. In order to do this, historical property owners, working together with preservation professionals, need to identify accurately the property’s character-defining features and the specific work needed to achieve accessibility. The retrofit design may not be a one man decision.

The next step towards retrofitting is creating an exact insight into the existing state of the building to be retrofitted. This way the wide range of retrofitting methods can be narrowed down to the specific ones that are compatible with the building and can be tailored and adjusted to the buildings state and shape. To do this next steps could advised:

· Limited destructive investigation - Evidence of previous earthquake damage or other conditions which may be camouflaged by cosmetic repairs. It might be advisable to perform a limited removal of wall renderings in order to understand the past events that effected the state of the structure since the future retrofit may damage the structure even more.
· Testing – numerous non-destructive testing systems may provide additional information about the structure behaviour, which simplifies the procedure of designing the retrofit by modelling a finite element models. These tests may also include tests to analyze mortar, adobe, foundation surveying, or fired bricks to determine their material properties and geotechnical testing.
Critical conditions – These are special circumstances that need to be attended as soon as possible in order to prevent collapse of the building. Serious building conditions that require attention are basal erosion, poor site drainage, excessive moisture in the walls, missing bearing walls, evidences of previous earthquakes that were only cosmetically repaired.
5 Structure strengthening on example structures
Curia Hrašće is situated in a village Svetičko Hrašće near Ozalj in the central Croatia. The character of the building clearly states its central position within the property. The curia is rectangular shaped with 3 floors. The house has a highlighted entrance area with a steep roof. Under the southern building area there is an arched basement.

The change of the house owner started the process of the adjustment of the house to the countryside. All the guidelines from the local conservation office were followed. The narrow area of the Curia was covered with the restoration design/1/.

The renovation start was marked with a house in a seriously bad shape (Fig.1) which had numerous and serious cracks and damages which were documented in detail in the architectural survey of the building (Fig.2). Main reasons for that level of structural degradation of the building were years of no maintenance, series of design errors, weak soil under a part of the house, and an earthquake during the 20’s of the past century.
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Figure 1: Hrašće curia in the original state
Architectural surveying of the building was the foundation for the research of the historical development of the house and for the renovation design. According to the findings at least three development phases of the house can be identified. The thorough investigations led to the conclusion that all the layers of the house, from its baroque body to the upgrades from the late 19th century are equally important. Therefore the last developing phase was going to be preserved as the representing one, taking in account every detail, but removing the design deficiencies which greatly endangered the construction.
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Figure 2: Architectural survey of the curia Hrašće, main façade

Retrofit of the Hrašće curia was extremely demanding. The retrofit fully respected the heritage with a special care to the high earthquake activities zone. Almost instantly after commencement of the works a problem presented itself. The basement had almost no foundations, so it was necessary to additionally derive new foundations. The counterfort on the south side additionally endangered the building due to a bad original design, so it had to be stringed with steel strings.
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Figure 3: Coupling of the wooden floor structure with a lightweight concrete plate and anchorage of the floor structure
The physical unity of the vaults was achieved by filling the vaults with lightweight concrete and hereby was the stresses on the side walls reduced. The whole building was constrained though walls in the floor levels. The dynamic unity of the walls was achieved by turning the oak wood floors into a stiff structure by coupling the wooden floor structure with a reinforced concrete plate on its top, and anchoring the floor structure into the walls (Fig.3 and Fig.4). The coupling of the wooden flooring and the reinforced concrete plate was achieved by a high strength, structural epoxy adhesive. The walls were additionally injected with a mixture of hydrated lime, crushed brick, bentonite and white cement. The wall corners and T-junctures were prestressed and anchored whereby the behaviour of confined masonry was achieved. The roof-walls were partially reconstructed due to low quality of the original walls, and the roofing was constructed completely from scratch, due to a bad original design.
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Figure 4: Floor to wall anchorage and floor-level embracement; floor plan

6 Conclusion
Planning of interventions on historical buildings differs from that of new ones in an important aspect: the existing construction is basis for all planning and building efforts.
Each building is unique in its own way and hides a different problem created during time and due to different design rules of the past. Therefore a unique retrofitting approach cannot be specified. When approaching an old building one should be aware that repair and retrofitting techniques should always respect the original existence of materials, and design. Most of the failures in an unexpected event happen due to lack of knowledge of the materials and of building construction details, which mainly cause a wrong choice of the repairing technique and, very frequently, the poor application of it. The incompatibility of any intervention not respectful of the original construction and materials can create incompatibility in the structure and resulting with even worst state of the structure endangering not only the stability of the heritage but also human lives.

In retrofit of historical buildings these guidelines may come in handy:

· Interventions should address root causes rather than symptoms.

· No actions should be undertaken without demonstrating that they are indispensable

· The design of any intervention should be based on a full understanding of actions that have caused the damage and of those that will act in the future.

· Where possible, any measures adopted should be “reversible” so that they can be removed and replaced with more suitable measures, if new knowledge is acquired. Where they are not completely reversible, interventions should not compromise later interventions.
· The interventions should respect the historical heritage in extents that are known and possible

· A close collaboration of a architectural and civil engineering specialist is advisable in order to achieve best results

7 References

/1/ Retrofit design authors: Alan Braun, M.Sc.Dipl.Eng.Arch.; Maja Tedeschi, Dipl.Eng.Arch.; Egon Lokošek, Dipl.Eng.Arch.
/2/ Domin, S; Dvor Hrašće – Evidence of cultural monuments; Directorate for the Protection of Cultural and Natural Heritage (1979)

/3/ Feilden, B.;Conservation of Historic Buildings, Architectural Press, Oxford (2003)

/4/ Jokilehto, J.; A History of Architectural Conversation, Butterworth-Heinemann, Oxford (2002)

/5/ Kruhek M.; Graditeljska baština karlovačkog pokuplja, Matica hrvatska, Karlovac (1993)

/6/ Newman, A.; Structural renovation of buildings: Methods, details, and design, McGraw-Hill (2001)

/7/ Cheung, M., Foo, S., Granadino, J.; Seismic Retrofit of Existing Buildings: Innovative Alternatives (2001)

/8/ Penazzi, D., Valluzzi, M.R., Saisi, A., Binda, L., Modena, C.; Repair and Strenghtening of historic masonry buildings in seizmic areas

/9/ Tolles, E. L., Kimbro, E. E., Ginell, W. S.; Planning and Engineering: Guidelines for the Seismic Retrofitting of Historic Adobe Structures; Getty Publications (2002)

/10/ ICOMOS; Recommendations for the Analysis, Conservation and Structural Restoration of Architectural Heritage












� Zvonko Sigmund, M.Eng.Civ.Eng., University of Zagreb, Faculty of Civil Engineering, Department of Constructon Management and Economics, Kačićeva 26, 10000 Zagreb, zsigmund@grad.hr


� Ivanković Vedran, PhD; M.Eng.Arch,, University of Zagreb, Faculty of Architecture, Department for Urbanism, Kačićeva 26, 10000 Zagreb, vedran.ivankovic@arhitekt.hr


� Alan Braun, M.Sc., Dipl.Eng.Arch., University of Zagreb, Faculty of Architecture, Department of Theory and History of Architecture, Kačićeva 26, 10000 Zagreb, abraun@arhitekt.hr










1


1

