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ABSTRACT: This paper addresses the relationship between the added earthquake-

resistant structure and the existing architecture of a building in the context of seismic 

retrofitting. The quality of interaction between seismic retrofitting structure and the 

architecture may vary greatly from one building to another. Two extreme scenarios can 

be observed: one where retrofitting structure appears unrelated to the existing 

architecture, and one in which structure engages with it. In this second scenario, structure 

can express architectural qualities such as making a building more functional or a façade 

more interesting. Structure is exploited to its full potential where it enriches architecture.  

As part of a larger PhD research project aimed at improving the integration of seismic 

retrofitting and architecture, a review of several recent retrofitted buildings in Wellington 

has been undertaken. The aim was to determine their status regarding architectural and 

structural integration. Six buildings were visited and an analysis of their seismic solutions 

was made using pre-established architectural criteria. The outcome of this review 

identified the architectural qualities emphasised by the seismic retrofitting solutions, as 

well as some of the most common problems regarding integrating the new earthquake-

resistant structure with the existing architecture.  

1 INTRODUCTION 

Working on the design of seismic retrofitting solutions to be implemented in existing buildings 

remains a sensitive issue for structural engineers and architects. Existing technical and architectural 

constraints have to be taken into account and the flexibility designers usually possess when working 

on new project is reduced. Despite these difficulties, seismic retrofitting solutions have greatly 

improved over the years thanks to new technologies, enhanced collaboration between architects and 

engineers, and guidance from several official organisations (FEMA 2006; Egbelakin & Wilkinson 

2008; Thornton 2010; Dhakal 2011). One aspect however remains lightly explored although its 

consideration would enhance the overall effectiveness of seismic retrofitting designs. That is, the 

interaction between seismic retrofitting and existing architecture, and more importantly, their 

integration. 

The addition of new seismic structure in a building is never superfluous and it impacts in different 

ways on the architecture of a building. Special care has to be taken by designers to ensure that the 

presence of the new structure fits with the actual architecture. In order to do so, an understanding and 

acknowledgement that structure is not only a technical component but also an architectural one is 

necessary. Like new projects, seismically retrofitted buildings should comply with both technical and 

architectural requirements. Several papers and publications stress the importance of respecting the 

existing architecture and encourage designers to be vigilant when proposing solutions. However the 

integration issue is barely addressed. Critical reflection on this issue is a necessity for architects and 

structural engineers, and both should be ready to review their own seismic retrofitting propositions 

regarding this aspect.  

The current paper reviews the approaches considered by designers when adding new seismic 

retrofitting structure and the capacity of the latter to engage with and to contribute to architectural 

qualities. Divided in different categories, the architectural qualities listed below are the basis of 
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analysing seismic retrofitting designs regarding the integration of engineering and architecture. This 

list has been used to review retrofitted buildings in Wellington and to start identifying how 

architectural qualities have been considered when seismically retrofitting a building. 

2 THE IMPORTANCE OF INTEGRATION BETWEEN SEISMIC RETROFITTING 

STRUCTURE AND EXISTING ARCHITECTURE 

2.1 Seismic structure as an addition to the existing building 

When seismically retrofitting a building, a new structural system is usually added in order to ensure 

appropriate resistance to earthquakes. This newly added structure joins a series of existing components 

including the actual load-bearing structure and architectural features that most likely already form a 

completed building. To different degrees, this addition undoubtedly impacts on the existing building. 

Retrofitting should therefore be undertaken through an integration process that ensures a sense of 

harmony between the new and existing components.  

The risk of adding seismic structure without reflecting on its integration can see the new structure 

identified as an intruder, negatively impacting on a possibly already architecturally satisfactory 

building. This situation is regularly witnessed when a new structure provides sound seismic resistance 

but poor architectural integration. It usually results from an approach based on the common 

assumption that seismic retrofitting is solely a structural engineering issue. This attitude is 

understandable in some ways as the seismic strengthening of an existing building is a response to the 

inability of the current structure to withstand earthquake loads. However, this approach may cause an 

imbalance between the new structure and the existing architecture where the former impacts 

significantly on the architectural qualities the latter may possess. The consequences can vary from the 

visual and physical disturbance of the building's architecture to the damage and loss of architectural 

features and qualities (Cattanach et al. 2008; Goodwin et al. 2009). Examples of buildings with 

inadequate combinations of seismic retrofitting structure and existing architecture may be found in 

earthquake-prone countries. Some of these combinations include the poor detailing of structural 

connections, the installation of shear walls against existing refined walls, or the use of braced frames 

in front of or just behind a building's access areas and windows (Fig. 1). As a result, these retrofitted 

buildings often suffer from functional, circulation, and aesthetic problems. 

 

     
Figure 1 - Seismic retrofitting where the structure is not well integrated with the existing architecture 

Right: San Francisco; Centre: Skinner Building, Seattle (image retrieved from http://www.djc.com/); 

Left: Tokyo. 

The addition of the seismic structure can be undertaken between two extreme approaches. In the first 

case, the visual presence of the seismic retrofitting is undesirable and thus designers strive to hide it. 

The main decision justifying the hiddenness of seismic strengthening structure relates to the desire to 

preserve a building's original architectural and historic character (Look et al. 1997; Goodwin et al. 

2009, 2011; WCC 2013). However, the reality of retrofitting work means that some parts of the 

existing building need to be modified or removed in order to install the newly added structure 

(Charleson 2008). Most commonly, designers require structural components to be masked by materials 

and coverings providing a sense of visual continuity with the existing architectural features and 



3 

causing minimal physical alterations. As pointed out by several authors (Taylor et al. 2002; Goodwin 

et al. 2011), this design approach can be considered self-contradictory. On one hand designers and 

clients seek to preserve and express the authenticity of the building, on the other hand they use newly 

added covering materials and components that are intended to be considered as original. 

At the other extreme seismic structure is expressed. Within this approach the presence of structure and 

its interaction with the existing architecture can be treated in different ways. Some designers, for 

instance, aim to distinguish the new seismic structure from the existing architecture in order that both 

layers of work are read separately (Goodwin et al. 2009). In this approach, the necessary presence of 

seismic retrofitting structure in the earthquake-prone building is acknowledged by the designers but a 

distance and contrast is set between existing and new components. This option aims at preserving, 

both visually and physically, the existing architecture as much as possible. The difficulty lies in 

balancing the newly designed structure and the existing architecture. The new structure should neither 

overwhelm the existing architecture nor, on the other extreme, become an indistinguishable layer of 

work (Southcombe & Charleson 2014). Other designers aim for a strong interaction between the new 

and existing components of the building. In this case, an analysis of the building's existing 

architectural qualities and flaws is undertaken by the designers. Their intent is to use the seismic 

structure to enhance the architecture of the building. As a result the new structure and the existing 

architecture interact and interweave with each other. The outcome leads to a seismically retrofitted 

building with a complete new architectural character. 

The impact of the presence of the seismic structure depends on how it has been considered. Whether 

hidden or exposed, structure should be identified as a legitimate component of the building. Such an 

achievement can only be obtained by the integration of the new structure with the existing 

architecture. 

2.2 Architectural status of seismic structure 

For the integration between structure and architecture to be successful, seismic structure has to be 

considered architecturally, and not only through technical and economic criteria. This stance is more 

commonly accepted by designers when working on new buildings as architects and structural 

engineers have greater liberty in their designs. Yet, the architectural consideration of structure is 

equally as important in the context of seismic retrofitting. Taylor et al. (2002) stress the importance of 

the architectural role of seismic structure by pointing out that the resisting function of the structure 

only activates during a quake and that it acts as an ornamental feature the rest of the time. This stance 

highlights the necessity to acknowledge the role seismic structure endorses most of its time; that is, 

being an architectural component that, by its presence, influences existing architectural features (Fig. 

2). 

  
Figure 2 - Veterans Affairs San Diego Medical centre. In addition to their engineering qualities, the new 

braced frames also enrich the existing façades by creating new ornamental motif (images retrieved from 

http://info.aia.org/)  

An example of a careful consideration on the architectural role of seismic retrofitting structure can be 

found in the California College of Arts and Crafts (San Francisco, USA, Leddy Maytum Stacy 

Architects, Merrill, 1998) (Fig. 3). The building possesses inverted V braces in both orthogonal 

directions. Those oriented transversally interact with the existing architecture so that several 

architectural qualities are enhanced. Aligned with the entrance, the braces represent the spine of the 
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building both figuratively and physically. The seismic structure symbolically appears as a series of 

vertebrae. Such an impression is reinforced by the light and skeletal nature of the steel braces. Also, 

the alignment and repetition of the structural components clearly establish the main direction of 

circulation. The layout of the seismic structure also results in the division of the main space into 

smaller spaces which help highlight their distinctive functions. The interior character of the building is 

strongly defined by the contrast between the existing structure composed of concrete frames and the 

new steel structure. Apart from differences in materiality, their contrast may be appreciated through 

several other features such as: curved against angular geometries, dark versus light, and raw in 

opposition to smooth. Finally, the existing skylights are preserved by using a diaphragm system 

composed of steel bracing similar to the vertical braces. Their thin structural members offer little 

obstruction to natural light. 

  
Figure 3 - California College of Arts and Crafts. The inverted V braces and the steel bracing diaphragm 

introduce a  range of architectural qualities (images retrieved from http://www.lmsarch.com/) 

For each existing building, many alternative seismic structures and solutions can be designed 

(Charleson 2008; Nishizawa 2008). Options regarding the scale, materiality, layout, volume, geometry 

and location of seismic structures, present opportunities to enrich specific architectural qualities.  

3 USING EVALUATION SYSTEMS TO REVIEW INTEGRATION 

3.1 Existing approaches 

In order to assess the impact of a seismic retrofitting solution on an existing building, and therefore its 

integration with the architecture, an architectural analysis of the seismic retrofitting design is 

necessary. Some designers have proposed systems to help design teams in this way. However these 

systems are rare and, despite providing interesting criteria, are limited in their architectural 

consideration. 

Nishizawa (2008) presents a table using written observations and scores to evaluate and compare a 

series of seismic solutions against a total of six criteria. The observations describe how the criteria and 

sub-criteria are impacted by each solution and scores are assigned to each criterion. This system 

allows review of the impact of the proposed solutions but could be more relevant if the 'objective' 

observations were replaced by critical reviews. The main issue with this approach however, is there 

are only two criteria related to architectural issues. The first of these criteria focuses on the 

consequences of the seismic work on the building's operations. The second relates to the effects of the 

retrofitting on the building as a cultural asset. Two sub-criteria arise from this last consideration: the 

"Changes to the exterior of the building" and the "Degree of effects on the registered cultural asset". 

Despite their relevance, these criteria and sub-criteria are too simplistic from an architectural point of 

view and do not allow for an in depth review of engineering and architectural integration. 

The "appraisal framework" proposed by Cattanach et al. (2008) is another system to promote 

reflection on seismic retrofitting solutions. Similar to Nishizawa's evaluation and comparison table, it 

reviews design propositions using both technical and architectural criteria. Mainly focusing on historic 

buildings, the impact on the existing architecture is assessed with the commonly acknowledged 

preservation principles from Look et al. (1997) and Robinson & Bowman (2000). Minimum 

intervention, reversibility of the seismic work, respect of the existing character of the building, and 
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distinction between new and existing layers are all listed as criteria to be considered. Despite greater 

emphasis upon the existing architecture, this system also remains limited. The criteria almost 

exclusively focus on conservation and preservation principles.  

Both Nishizawa and Cattanach begin to consider the impact of seismic retrofitting on architectural 

quality. However, the integration issue remains barely explored as the number of architectural criteria 

used is too limited and there is no consideration of the capacity of the seismic structure to enrich them. 

3.2 Proposed evaluation system 

In order to review the integration of seismic retrofitting on an existing building, it is necessary to 

identify the architectural impact seismic structure is capable of. Due to the difficulty of establishing a 

definitive list of all possible architectural qualities, we consider some of the most common uses of 

structure in architectural projects. Several sources have been examined (Holgate 1986; Von Meiss 

1990; Jones 1999; Macdonald 2001, 1997; Charleson 2015). From these, a record of architectural 

qualities related to structure has been established and adapted to the specific context of seismic 

retrofitting. Addressed as questions for designers to answer, the architectural qualities have been 

divided into six main categories, each one focusing on a specific use or approach of structure: 

 A focus on the use of hidden seismic retrofitting structure. It queries on any architectural 

reason to justify the hiddenness of the structure. The selected technique for hiding the 

structure is also considered as it may serve specific architectural purposes. 

 This category concentrates on exposed structure and is divided in two parts. The first 

corresponds to seismic structural components located outside the building, and the second part 

to the ones installed inside. Since exposed structure impacts directly with existing architecture, 

a larger number of questions are introduced. Some of them query the approach of new and 

existing layers being read separately, or to the contrary, jointly. The expressed nature of the 

structure including its detailing also lead to further questions. In addition, the interior structure 

needs to be assessed from the perspectives of spatial and functional qualities. 

 Preservation and conservation principles identical to those used by Cattanach et al. (2008) and 

already discussed are assessed. Primarily applicable to heritage buildings, these principles can 

be used to review non-listed buildings as some may possess certain architectural features that 

need to be preserved. 

 The potential relationship between added seismic structure and natural light. The ways a 

seismic solution modulates light to serve architectural purposes or affects it adversely, is 

considered. 

 The possible uses of structure for ornamental purposes are identified: structural components 

used as ornament, application of ornamentation over the structure, and the sculpting of 

structural components. 

 The relationship between seismic retrofitting and architectural design concept. Architects 

commonly design a project following a main concept, an idea that justifies their architectural 

decisions. The use of structure to express architectural concepts is therefore explored.  

Combined together, the criteria and sub-criteria of each category lead to more than 50 questions for 

designers to use when reviewing seismic retrofitting solutions. Obviously not all questions need to be 

answered as some may be irrelevant depending on the nature of the buildings and the proposed seismic 

solutions. For instance, if the seismic solution is exposed then the criteria related to hidden structure 

are not applicable. The reviewers need to select the categories and criteria relevant to the seismic 

retrofitting solution being analysed. 

3.3 Testing the proposed elevation system on seismically retrofitted buildings  

The evaluation system is tested on six seismically retrofitted buildings in Wellington. The aim is not to 

provide an individual analysis of each building. Instead, the outcomes of the reviews are combined to 

identify trends in the integration of architectural qualities and seismic structure. The selected 
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buildings:  

 were seismically retrofitting between 2000 and 2015, 

 possess at least one of the three main seismic structures, namely shear wall, moment frame or 

braced frame, has been used in each building, 

 are at least two floors high in order to take into account the potential retrofitting of floor 

diaphragms, and 

 an architect and a structural engineer were involved in their retrofitting design. 

3.4 Preliminary findings of the retrofitting evaluations 

 Hidden structure 

Two buildings have hidden part or all of their seismic retrofitting structure, including their 

strengthened diaphragms. In both buildings, the decision to install structure behind 

plasterboard appears to be justified by the intended architectural character of the interior 

spaces. These spaces express a clean and refined aesthetic that would have been disturbed by 

the visual presence of seismic structure. Since the interior spaces of one building are used as 

offices hiding the structure avoids it affecting their functionality.  

 Exposed exterior and interior structure 

Three buildings have part of their seismic structure installed on external façades. For two of 

them, the seismic structure is not read distinctively from the existing façade. Both actually 

merge together. The new structure refers to the existing architecture, and adapts its geometry, 

scale, and aesthetics accordingly. In the third building, while also sharing some characteristics 

with the façade, the new structure appears as a component highlighting the existing structural 

inadequacy. The new structure is distinct from the existing architecture and therefore appears 

as a structural add-on.  

Seismic structure is also used for expressive purposes. One building, for instance, takes the 

advantage of new structural components to reinforce the visual presence of the building's exit. 

On two occasions, the new seismic retrofitting structure follows the pattern of the existing 

façade which expresses and enhances communication of the inner organisation and function of 

the building. The detailing of the structure is also exploited in two buildings to contribute to 

their aesthetic and architectural character. However, none of the buildings took advantage of 

the structure to express structural action or relate symbolically to the building's architectural 

form or function. 

Regarding internal structure, the six buildings have part or all of their seismic structure 

installed internally. Two of them have their main seismic solutions distinct from the existing 

architectural and structural elements. Three others have a less drastic approach as only some 

of their structural components are distinct from the existing architecture or structure, and the 

others merge with it. Finally, one building possesses interior seismic structure that blends with 

the existing architecture.  

Only one building has emphasised the distinction of its seismic structure with the existing 

architecture. The other five have some of their interior seismic structural components 

contributing to the architectural character and others not. Among these five buildings, three 

retrofits relate to the existing architecture. All the buildings reveal to different degrees their 

existing structural inadequacies by exposing their seismic solutions. The expression of seismic 

structure also allows two buildings to use the new structural detailing to express aspects of its 

materiality and construction. Five buildings also used the detailing of their structural 

components to contribute to the aesthetic and architectural character of the interior spaces.  

In terms of spatial design, the seismic structure fully or partially delimits interior spaces in 

five buildings. Four of them also use the new structural components as visual features 

characterising these very same spaces. In terms of functionality, the seismic structures 
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contribute to the overall interior flexibility of five buildings. However, in two of them, the 

depth of the structure is not great enough to be used for architectural purposes, such as the 

formation of servant spaces, and leads to a footprint that reduces the usability of the space 

around it. None of the retrofitted buildings use the new seismic structure for spatial division, 

with the exception of one that takes advantage of new braced walls to create spaces with 

specific functions. Seismic structure also engages with circulation in various ways. In one 

building it visually suggests the direction for users to take, in another one it imposes 

movement by framing a corridor, finally and in one building, it both houses the stairs and 

dictates direction of circulation. In only one building does the seismic solution impact on 

circulation. 

 Conservation and preservation principles 

All the buildings except for one are listed as heritage. Their seismic solutions therefore take 

into consideration the minimum removal of existing features and compatibility with existing 

architectural character. Yet, the reversibility principle appears to be ignored. Out of the six 

buildings, four possess a seismic retrofitting solution that cannot be removed without 

damaging architectural features. For some only, the damage could be easily repaired. 

 Interaction with natural light 

Four buildings possess seismic structure that carefully respects the existing openings. It does 

not restrict nor impact on the availability of natural light. Two other buildings interact with 

natural light by using their plastered shear walls to reflect and diffuse it. In one of them, the 

modulated light reinforces the clean, ordered and plain architectural character of the spaces. 

However, this very same building uses interior braced frames right behind existing openings 

therefore limiting the amount of natural light and reducing views outside. The structural 

elements appear as silhouettes against the natural backlight. 

 Retrofit structure and ornament 

Five buildings use technical structural components differently as ornaments. Three use 

repetition of a structural system to generate an ornamental pattern. Four take advantage of the 

inherent aesthetic of their materials, such as the veins grain of plywood panel bracing walls. 

Three buildings have also used part of their structures to support ornamented surfaces or 

components. Finally, two buildings have shaped their seismic structure to match the existing 

architectural character. 

 Expression of an architectural concept  

In one building such an achievement is obtained by the contrast between the old architectural 

features of the existing façade and the new refurbished interior using contemporary structural 

and non-structural components. The other five buildings do not express any particular concept 

but to various degrees have seismic solutions coherent with either the existing architectural 

character or the new one generated by interior refurbishment. Several approaches are used 

such as to copy and repeat an existing pattern by the seismic structure, the detailing of new 

structural components referring to existing architectural features, or using seismic structure 

possessing similar materiality, geometry and dimensions of existing elements in order to 

merge with or replace them. 

4 CONCLUSION 

This paper highlights and emphasises the need for seismic structure to be considered as a primary 

architectural component. It is through this understanding of structure that its integration with 

architecture can support and enhance architectural qualities, and reduce negative impacts on the 

existing architecture. As a result, the seismically retrofitted building can enrich the architecture in 

which structure is exploited to its full potential. 

The paper also stresses the responsibility of designers to reflect on their proposed seismic retrofitting 
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solutions. What are the architectural qualities seismic retrofitting structure integrates with and how? 

For such a review to be possible, a set of six categories of architectural criteria is generated. This 

approach represents the core of an evaluation system that can be used on any building about to be 

seismically retrofitted or already seismically strengthened. 

The evaluation system has been used on several existing buildings. It provides a first glimpse of 

architectural qualities supported and enriched by seismic structure in a real life context. It also reveals 

the variety of approaches undertaken by design teams to integrate seismic structure with existing 

architecture. This research project will be further developed by incorporating additional buildings and 

undertaking interviews with the architects and structural engineers. The interviews will ask designers 

the reasons and constraints that have influenced integration. 
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