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Abstract: The pandemic Covid-19 has distorted the way of living and enjoying the spaces. Unfortunately, 
cities are often saturated and many of the public buildings fail to meet the new needs. The need to expand 
the spaces is a problem and an opportunity: intervening on the existing patrimony, however, requires a 
multidisciplinary commitment. The interventions on the built heritage have several problems, on the one 
hand technological, aimed at improving the energy impact of the new building, and on the other properly 
structural, because the existing heritage was not always built with seismic requirements. 

This article presents some possible solutions for intervention on the existing patrimony for the 
implementation of the spaces through volumetric addition, "parasitic architecture", and how the use of 
wood and its derivatives can allow it. 
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1. Introduction

In this pandemic period, the use of space is changed. The need to expand the spaces becomes an 
opportunity even if the interventions on existing buildings involve two major problems: technological 
(Arena et al., 2017) aimed at improving the energy impact of the “new” building, and urbanistical, aimed at 
respecting urban planning regulations and structural, which requires the achievement of an adequate 
seismic safety index according to current regulations (NTC 2018). 

There is static implications in terms of increased load and require, through understanding the state of fact, 
appropriate checks to design both local interventions on the existing building. Such interventions can 
concern both R / C buildings and masonry heritage (Monaco et al., 2020). For the latter, however, it is 
better to intervene with local reinforcements (Monaco et al., 2018). In order to preserve green space, the 
only way to expand spaces by reducing land consumption is to "build on the built". There are three types of 
intervention: 

 Rooftop architecture, an elevation that uses roofs as new soils for localized expansion interventions or
real complex urban systems of functions and equipment (Khalfi, 2019) (Figure 1a).

 Parasitical Architecture. In this typology, new inhabitable volumes are grafted onto existing buildings.
The new parasitical volume is distinct from the host building both formally and spatially, but linked to
it by a state of necessity (Figure 1b).

 Exoskeleton systems, independent volumetric expansion to be superimposed on the facades, defined
by a structure on autonomous foundations. It can accommodate new spaces and support possible
elevations (Di Giulio, 2010; Bellini, 2018).
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 a)  b) 

Figure 1 - Enlargement of the University of Graz, Atelier Thomas Pucher 2019 (a); Rucksack House arch. Stefan 
Eberstadt 2004 (b) 

This article shows an overview of these types of intervention that can represent an interesting opportunity 
to study all the aspects that affect the building on the built. In particular, functional and structural aspects 
depend on the choice of materials. (Bergamasco et al., 2018; Violano et al., 2020). For example, the 
construction of new volumes in wood or with products derived from wood allows both the respect of high 
structural and architectural standards, and the increase of energy efficiency and environmental 
sustainability. A brief overview of the materials and technologies will be presented which, in the authors' 
opinion, go well with the types of intervention identified. 

2. Parasite Architecture Technologies

In the context of wide strategies of urban regeneration, these interventions can produce virtuous effects of 
energy efficiency, creation of new living spaces, social services, and common areas without further land 
consumption. 

Four layouts, three of which involve the building envelope, while the fourth is located inside open spaces 
delimited by building curtains, are considered (Figure 2). 

Figure 2 – Types of parasitic volums 

Type 1 is a new volume built at the roof level and carried by the existing structures. It replicates the 
typology and technologies of the underlying building reproducing its configuration without variations or 
differ from it in terms of shape and materials. 

Type 2 is an independent structure from the existing one. It is autonomous, founded and detached from 
the pre-existing envelope (exoskeleton) (Figure 3). 

Figure 3 - Addition with exoskeleton for A. Volta Institute of Aversa (CE) Italy. (Fabozzi, 2016) 
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Type 3 is a parasitic volumetric additions attached to perimeter walls and/or roofs of existing building 
(Figure 4). The new volumes can be expansions of housing units or constitute independent units to serve 
with new vertical connections. 

Figure 4 - Parasitic volumetric additions in the district "le fornaci" in S. Maria Capua Vetere (CE) Italy. (Borriello, 2015) 

The type 4, without occupying free surface usable for outdoor activities, partially fill the courts. The new 
"aerial" volumes ensure the original aero-illuminating ratios. It can be appropriate for school buildings with 
large courtyards to maintain the function of spaces for sports and educational activities for large groups. 

The load-bearing structures of the new volumes should be large span beams connected to the courtyard 
perimeter walls and the horizontal connections are represented by the structural walkway. 

The benefits of volumetric additions should be verified in the light of some aspects, like: 

 problems related to the interface between the new volumes and the existing;

 assessment of the actual technical and functional improvement of the building (accessibility, energy
efficiency, safety, new services, etc.);

 structural problems due to the addition of new loads the load-bearing structure and on the foundation
systems of the existing building;

 the "weight" of the new volumes on the balances (architectural, environmental, social) of the urban
context.

Some of these types, for example 3 and 4, are of more complex application as regards masonry buildings, 
as better illustrated in the following paragraph. 

3. Parasite Architecture: Structural Aspects

The complete knowledge of the original building is not simply expressed in a series of investigations aimed 
at determining the mechanical parameters that govern the structure, especially for masonry buildings 
(Frunzio et al., 2019). The knowledge allows finding information also and above all on the technologies, the 
structural schemes, and design choices made previously. The type of interactions between new and old 
represents a milestone for any volumetric addition. In other words, depending on the type of addendum, it 
is possible to understand which of the above types it falls into. The new structures can have relationships of 
connection or independence from the original ones. 

Types 1 and 3 described in paragraph 2) are a clear example of a parasitic relationship of dependence of 
the "host" structure. Therefore their construction is subject to the global verification of the new 
configuration of the building (NTC, 2018). This mainly derives from an evident increase in the loads on the 
original system. Even if this does not necessarily involve in type 1 a modification of the static schemes 
except in terms of an increase in the load-bearing sections, in type 3 where the added mass is eccentric, a 
modification of the static schemes is reasonable. In both cases, the increase in masses, the displacement of 
the center of gravity of the stiffnesses and the modification of the shape ratios determine a modification of 
the seismic behavior of the system in the post-operative configuration. In the latter case, in-depth 
assessments of the torsional behavior of the building as a whole are required (De Stefano et al., 2014; 
Faella et al., 2010). 

483



A sustainable material for sustainable architecture: wood in parasite architecture  

Figure 5 shows an example of an isolated parasitic volumetric addition. This volume is prefabricated and 
anchored by bolts and tie rods to the reinforced concrete base structure. If, on the other hand, it is a 
masonry structure, the base structure must be reinforced at the attachment points (Calderoni et al., 2016; 
Guadagnuolo et al., 2020). In all cases, the anchors have to be made of local verifications. These elements 
can be added on the two facades of a linear building or the facades of an internal courtyard, as shown in 
Figure 5b. 

Figure 5 -  Parasitic volumetric additions of type 3: a) render; b) possible layout in plan (1) linear building, (2) courtyard 
building 

Type 2 is different because the relationship between new and old can determine both a condition of 
independence and a profound structural interaction. In the second hypothesis, the structural problems are 
the same of type 1 and type 3. The main difference is that the parasitic structure does not completely 
depend on the original one. Thanks to the presence of elements that insist on the ground, partly 
contributes to supporting the loads weighing on the building. This condition could therefore allow 
entrusting to the new structure also the reinforcement function of the existing building by acting as an 
active element in the structural retrofit strategy (Marini et al., 2017). An example of this configuration is 
represented by the adaptive exoskeleton system (Bellini, 2018) as a device that intervenes on the original 
structural element, improving its initial characteristics. 

Figure 6 -  a) Two retrofit solutions with adaptive exoskeleton; b) two retrofit solutions with added seismic-resistant 
elements (Marini et al., 2017) (Bellini, 2018) 

In the case of an addendum completely independent from the original building, the real difficulty lies in 
preserving the condition of structural independence unchanged over time, starting first from an adequate 
step between the foundations of the two structures. It is necessary to avoid that the structures touch each 
other in the event of an earthquake and consequently design the seismic joints. (Frettoloso et al., 2015). 
The real difficulty is the construction of suitable structures to climb over the original building. The lights 
could be enormous and therefore the choice of materials and technologies for the construction of the new 
structure must be such as to guarantee compliance with the required requirements, but also their 
maintenance over time. Similarly, for large decks, floors need to be stiffened. The plan position of the 

a) b) 

a) b) 
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concentric bracing must be chosen in such a way as to give the structure adequate qualities of translating 
bi-directional stiffness and resistance as well as torsional stiffness qualities (Alecci et al. 2019). 

The presence of pillars that weigh on the beams of the over structures involves a "floating column" 
behavior. That determines the need for in-depth analysis that considers the punching problem, the effects 
of the vertical component of the seismic action, and the torsional effects additional. 

An example of an independent structure from the original one is represented by the Villa Fiorita Clinic 
located in Aversa (Frunzio et al., 2011). The new structure completely incorporates the original building but 
does not interact with it and override the existing one, covering the pre-existing court. The structural 
scheme is of an earthquake-resistant structure with concentric bracing with active diagonals to which the 
dissipative function is entrusted. The interactions between the buildings is reduced by dissipation devices 
which as well as ensuring an adequate seismic capacity allows to limit the movements of the addendum. 

Figure 7 -  Villa Fiorita Clinic: a) ante-operam; b) post-operam; c) original plan view; d) structural model of the added 
structure (Frunzio et al., 2011) 

The last type, n. 4, except for the establishment of new connections, presents all the criticalities of the 
added structures. It's important to pay attention to the horizontal actions caused directly by the structural 
elements, orthogonal to the courtyard walls, and to the connections. 

Ultimately, for type 2 and 4, the added structures can increase the structural performance and seismic 
capacity of the building. This idea, linked with "low-damage" strategies, can represent the guide for a 
multidisciplinary and resilient project. So the dissipative elements and systems, let  obtain the increasing of 
the seismic capacity and limit post-event damage, significantly reducing post-event repair costs. 
(Buonocore et al., 2014). 

Today, wood and the modern materials derived from it can represent an optimal choice for interventions of 
volumetric additions (Margani et al., 2020; Valluzzi et al., 2021). Modern research and technological 
innovations have allowed overcoming the problems related to the anisotropy of the original material by 
creating a "new generation" of products and technologies that fully compete with the most commonly used 
materials (Di Gennaro et al., 2019; Frunzio et al., 2021; Izzi et al., 2018; Sun et al., 2020). So, volumetric 

a) b) 

c) d) 
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additions without soil consumption joined with the use of wood create smart and sustainable buildings, 
which are able to adapt to events and changes of urbanized areas. 

This is, also, possible thanks to the use of the Pres-Lam System (Palermo et al., 2005) which was created in 
response to the growing demand for seismic-resilient and sustainable structures (Granello et al., 2020). The 
innovation lies in applying the concept of prestressing to prefabricated wooden elements such as glulam 
and CLT (cross-laminated timber). This happens by creating a post-tensioning system on-site through the 
use of sliding cables and tensioning equipment. 

Several studies have been conducted to analyze the recentering and dissipative characteristics of structures 
made with this technology (Akbas et al., 2017; Ganey et al., 2017; Hashemi et al., 2020). As well as the 
dissipative effects due to the insertion of rocking elements inside existing structures to be entrusted with 
the migration of damage (Pilon et al., 2019; Sandoli et al., 2020; 2021), or due to the presence of metal 
connections for reinforcement interventions in its plane with CLT panels (Longarini et al., 2018) or off-plan 
(Riccadonna et al., 2019). In general, numerous research groups are investigating the effects of 
reinforcement systems based on the use of panels for exoskeletons or endoskeletons on existing masonry 
buildings (Salgado et al., 2021; Sustersic et al., 2014). 

In the end wood, in its modern configurations, fits with the different needs of building, in particular where 
there are requirements of high efficiency, low impact and particular construction phases.  

The prefabrication makes the proposed solution also advantageous in terms of optimization. The faster 
installation and the use of elements substantially executed off-site allow to precisely establish the times 
and areas involved in the construction and assembly phases. That could ensure the continuation of the 
activities in the original building if necessary. Ultimately these characteristics define a low CO2 footprint not 
so much for the material itself as for the entire construction process. 

4. Conclusions

"Parasitic architecture" let the realization of volumetric addition without consumption of free soil. Also, the 
almost totally "off-site" technologies is the most suitable for its realization. In this sense, it seems 
appropriate to use laminated wood components assembled with innovative technologies (Presslam and 
CLT). These interventions combined with the use of wood can be fully integrated into the perspective of 
“resilient thinking” in order to create smart buildings. 

Moreover, the use of prefabricated components ensures the speed of interventions, even in urban site 
conditions with not always easy access. The need to expand the spaces becomes an opportunity to 
intervene on the existing heritage by improving the energy impact and structural performance, with a great 
multidisciplinary commitment. In fact, the solutions identified are of two types, added independent of the 
base building, with the advantage of a lower regulatory burden, or additions that become one with the 
base building and improve its seismic characteristics. 
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