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Abstract

Most of the building stock in European seismic countries is highly ener-
gy-intensive and earthquake-prone since it was built before the enforce-
ment of effective energy and seismic codes. Renovation actions that syn-
ergically integrate both energy-efficient and anti-seismic interventions are 
strongly needed in these countries. However, the implementation of such 
interventions is currently limited by barriers that are mostly related to the 
high cost and invasiveness of traditional seismic retrofit techniques.
A new holistic design approach to the building renovation is required to 
overcome these barriers. This should result in innovative and integrated 
retrofit interventions able to specifically meet the needs of cost-effective-
ness, quick installation, reduced users’ disruption, and low environmental 
impact. 
In this framework, the use of cross-laminated timber (CLT) has been re-
cently investigated for retrofit purposes in light of its good mechanical and 
physical performance. 
In this research context, this paper illustrates a novel timber-based ret-
rofit technology for RC framed buildings developed within the e-SAFE 
H2020 project. This technology consists of cladding the external building 
envelope with a new prefabricated timber-based shell that acts as seis-
mic-resistant and energy-efficient skin, also contributing to renovating 
the architectural image of the building. The new skin combines structural 
CLT-based panels – equipped with novel devices for seismic energy dissi-
pation – with non-structural wooden-framed panels. 
Specifically, this paper presents a construction analysis of the proposed 
retrofit technology, investigating its technical feasibility, versatility, and 
potentialities, as well as possible application limits.

Keywords

Timber-based panels, Cross-laminated timber, Prefabrication, Seismic 
and energy renovation, Friction damper.
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TECHNOLOGICAL ANALYSIS OF A 
PREFABRICATED TIMBER-BASED SYSTEM 
FOR THE INTEGRATED RENOVATION OF 
RC FRAMED BUILDINGS 

DOI: 10.30682/tema0802f

Carola Tardo, Giuseppe Margani

1. INTRODUCTION

In European seismic countries, a recent issue in the 
building renovation sector is the need to combine the 
energy-efficient measures promoted by the current en-
vironmental and energy policies with anti-seismic inter-

ventions. Indeed, the building stock designed without 
energy-efficient and anti-seismic criteria is extremely 
wide in these countries, mainly including masonry or re-
inforced concrete (RC) framed buildings [1]. 
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several months [7]. On the other hand, the building ren-
ovation is also hindered by social and cultural barriers, 
mainly due to the insufficient spread of seismic risk cul-
ture and environmental protection culture. In particular, 
the poor or partial knowledge of the seismic risk often 
leads to the low propensity of building owners to priori-
tise the adoption of anti-seismic interventions. 

New holistic approaches to building renovation have 
been recently investigated to overcome the main tech-
nical and economic barriers. In particular, some studies 
have examined evaluation methodologies for combining 
current structural and energy retrofit techniques [8, 9]. 
Other studies have been focused on the development 
of novel integrated retrofit solutions that can be able to 
meet the current needs of cost-effectiveness, quick in-
stallation, and reduced disruption for users [10–13].

In this framework, wood has shown great potential as 
a sustainable and renewable retrofitting material to up-
grade the seismic and thermal performance of buildings, 
thanks to the recent advancement of engineered timber 
products, such as cross-laminated timber (CLT), as well 
as wood-based insulating materials.

In this regard, this paper firstly presents a state-of-
the-art review of the topic of CLT-based retrofit technol-
ogies for RC framed buildings. Then, the paper describes 
a novel integrated retrofit solution that has been recently 
proposed by Margani et al. [14], and is still under de-
velopment within the Horizon 2020 innovation project 
called e-SAFE (Energy and Seismic AFfordable rEno-
vation solutions). This solution consists of cladding the 
external envelope of the building with structural and in-
sulating prefabricated timber-based panels. Specifically, 
this work presents a construction analysis of this retrofit 
solution to investigate its technical feasibility, versatility, 
and main technical requirements. The potentialities and 
limits of the application of the proposed technology are 
also examined to evaluate its replicability.

2. STATE-OF-THE-ART REVIEW OF 
CLT-BASED RETROFIT TECHNOLOGIES 
FOR RC FRAMED BUILDINGS 

CLT is a plate-like engineered timber product consist-
ing of an uneven number of timber board layers (usu-

At present, roughly 75% of the EU building stock is 
energy inefficient [2], thus contributing to the increase 
in greenhouse gas emissions and, consequently, climate 
change and related natural hazards. At the same time, the 
strong earthquakes that occurred in Europe in the past de-
cades demonstrated the high level of seismic vulnerabili-
ty of the building stock and the catastrophic consequenc-
es that the damage or collapse of buildings can entail. 
For instance, in the last 50 years in Italy alone, earth-
quakes caused around 5000 deaths and over €180 billion 
in monetary losses, destroying a considerable portion of 
the affected building stock [3]. Furthermore, the recent 
earthquakes that occurred in Italy (i.e., L’Aquila 2009, 
Emilia 2012, Amatrice-Norcia-Visso 2016), have seri-
ously damaged several buildings previously subjected 
to only energy efficiency interventions, frustrating these 
interventions and the related economic investment. The 
environmental impact in terms of the carbon footprint 
associated with buildings repair or reconstruction after a 
seismic event is also relevant. In particular, the expected 
annual embodied equivalent CO2 associated with seismic 
risk has been estimated equal to 87% of the annual opera-
tional CO2 after only energy retrofitting interventions [4].
The framework depicted above evidences that in earth-
quake-prone countries, energy-efficient and anti-seis-
mic renovation interventions must be synergically com-
bined in order to: 1) prevent human and economic losses 
caused by seismic events; 2) reduce buildings damage in 
case of earthquakes and avoid the environmental impact 
associated to their repair or reconstruction; 3) avoid dou-
bling several costs in case of implementation of the two 
retrofit interventions in distinct periods (e.g., for build-
ing-site setup, demolition works, scaffolding, renders 
and finishings, etc.) [5, 6]; 4) increase the living comfort 
and safety of the occupants; 5) enhance the building val-
ue; 6) extend the building lifetime.

However, several barriers currently hinder the com-
bination of seismic and energy renovation actions. On 
the one hand, there is a lack of attractive, cost-effective, 
and low-disruptive technical solutions. Indeed, the most 
common seismic upgrading techniques are very expen-
sive and highly invasive, requiring a long time for im-
plementation, the interruption of the building operativity, 
and the occupants’ relocation during the works, often for 



Vol. 8, No. 2 (2022)
TEMA: Technologies  Engineering  Materials  Architecture

32

e-ISSN 2421-4574

retrofit solution consisting in applying a new outer CLT-
shell to the external envelope of the building by realising 
the connection between the panels and the RC structure 
through special steel brackets provided of ductility and 
energy dissipation capacity. The external application of 
CLT panels has also been investigated within the AdE-
SA project [18], resulting in a real application in a case 
study. The Adhesa system uses dissipative connections 
with out-of-plane bending capacity and provides for 
cladding the CLT panels on-site with insulation and 
finishing materials. Conversely, a totally prefabricated 
CLT shell has been proposed by the Italian company 
Wood Beton S.p.A., which has recently introduced the 
“Rhinoceros-wood” system in the building market [19]. 
However, its application is currently limited to buildings 
up to a maximum of three storeys that require a low stiff-
ness increase since the improvement of the building seis-
mic performance is provided only by the strengthening 
actions of the CLT panels. 

One more CLT application includes the use of CLT 
panels as infill shear walls [20, 21]. Specifically, Stazi 
et al. [20] analysed the elastic and post-elastic in-plane 
shear behaviour of CLT specimens, while Haba et al. 
[21] investigated shear walls composed of narrow CLT 
elements bonded to each other and onto the RC frame 
with epoxy resin, achieving possible results in terms of 
improvement of stiffness, strength and ductility capacity 
of the structure. Different arrangements of CLT panels, 
both to the outside of the building or in replacement of 
the external masonry wythe, have also been proposed by 
Smiroldo et al. [22]. Then, a low-damage and low-inva-
siveness retrofit alternative has been recently investigat-
ed by Sandoli et al. [23], who proposed using post-ten-
sioned, re-centring, and dissipative rocking CLT walls in 
the external perimeter of the buildings. 

The recent and rich literature on the topic of buildings 
retrofitting through strengthening CLT walls shows that 
these solutions are of great interest and highly topical, 
even if they are still at a preliminary stage. In particu-
lar, the use of dissipative devices as connection systems 
between the CLT panels and the building envelope has a 
high potential to increase the effectiveness of this solution 
thanks to the dissipation of a part of the seismic energy, 
thus reducing the displacement demand of the building 

ally ranging from three to five, but even more), which 
are arranged crosswise to each other at an angle of 90° 
and are connected by adhesive bonding. The result is a 
rigid composite element having high mechanical perfor-
mance. In fact, the crosswise build-up provides the CLT 
panel high capacity of bearing loads both in-plane and 
out-of-plane, allowing its application as a full-size wall 
and floor element. The engineered CLT configuration 
also minimises swelling and shrinkage rate, providing 
the panel with high dimensional stability in-plane [15]. 
Furthermore, CLT is a bad heat conductor thanks to its 
low thermal conductivity (0.10 ÷ 0.13 W m-2 K-1), with 
good thermal insulation and thermal inertia properties. 
The high mechanical and physical performance, the 
good environmental properties as well as the high lev-
el of prefabrication of the CLT have promoted its rising 
spread, as attested by the growing number of residential 
and office buildings worldwide, with a growth of the pro-
duction capacity rate of 15÷20% per year [16]. 

In recent years, the increasing attention to environ-
mental sustainability has led the research community to 
investigate the building renovation sector as a further ap-
plication field for CLT. Specifically, recent studies inves-
tigated the use of CLT walls as strengthening elements to 
increase the seismic performance of the existing build-
ings, with potential results in terms of improvement of 
the strength and stiffness capacity under seismic loads. 
The advantages of such potential use are the low increase 
of the building mass compared to other seismic upgrad-
ing techniques, thanks to the low density of CLT, and the 
benefits of dry installation, such as quick and easy im-
plementation and materials recyclability. The insulating 
properties of CLT, in combination with additional insula-
tion layers, can also improve the thermal performance of 
the building in view of an integrated and sustainable ap-
proach to the building renovation. The high level of pre-
fabrication of CLT also makes it much more attractive for 
retrofitting uses, making the industrialisation of the build-
ing renovation sector one of the main future challenges.

Different applications of CLT walls to the existing 
RC framed building have been investigated for retrofit 
purposes.

First works on this topic have been carried out by 
Sustersic and Dujic [17], who proposed a low invasive 
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structure by exploiting the high mechanical properties of 
CLT and the additional energy dissipation source, respec-
tively. The effect of these multiple features is the reduction 
of the story drifts caused by the seismic excitation, i.e. the 
improvement of the seismic resilience of the building.

In terms of energy performance, e-CLTs and e-PAN-
ELs integrate insulating materials to increase the thermal 
resistance of the existing walls, thus reducing the energy 
demand of the building for space heating and cooling. 

Both panels are conceived to be prefabricated off-site 
and installed from the outside of the building through 
mobile lifting equipment. The use of prefabricated com-
ponents and the external dry installation avoid demoli-
tion interventions and the occupants’ relocation during 
works, thus significantly reducing implementation costs 
and time and minimising waste production. 

A detailed description of the e-CLT and e-PANEL is 
reported in the following sub-sections.

3.1.1. THE E-CLT COMPONENT

The e-CLT panel (Fig. 2) is the structural component and 
has the primary role of reducing the seismic vulnerability 
of the building. It consists of a prefabricated CLT-based 
panel and is applied to the outer blind walls of the build-
ing. Each e-CLT is equipped with energy dissipation 
devices that connect it to the beams of the existing RC 
framed structure. The non-linear behaviour of this seismic 

structure. Overall, the dampers investigated so far have 
been mainly conceived to allow seismic energy dissipa-
tion by exploiting their ductility capacity. This dissipation 
mode is less effective in terms of technological and oper-
ational efficiency since it requires replacing the dampers 
and removing the CLT panels after the seismic event.

Based on the above, further investigations on the ver-
satility and practical replicability of CLT-based retrofit 
technologies, as well as more effective dissipative con-
nections between the CLT panels and the existing build-
ing envelope, are required.

3. THE RETROFIT TECHNOLOGY

3.1. MATERIALS AND COMPONENTS 

The proposed retrofit technology consists of cladding the 
external envelope of RC framed buildings with a new pre-
fabricated timber-based shell that acts as seismic-resistant 
and energy-efficient skin, also contributing to renovating 
the architectural image of the building. The new skin com-
bines structural CLT-based panels (called e-CLT) fixed to 
the existing RC frame through novel devices for seismic 
energy dissipation, with non-structural wooden-framed 
panels (called e-PANEL), which integrate high-perform-
ing windows that replace the existing ones (Fig. 1). 

In terms of seismic performance, the e-CLT aims to in-
crease the seismic and dissipative capacity of the existing 

Fig. 1. Concept of the proposed retrofitting technology.
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membrane and Ethylene-Propylene Diene Monomer 
(EPDM) soft bands to prevent rainwater leakage and 
condensation problems; 3) a finishing layer.

The seismic dissipation device has been conceived to 
dissipate seismic energy by friction to meet the need for 
structural efficiency even after seismic events. Indeed, 
friction dampers overall have one of the most efficient 
and damage-free energy dissipation mechanisms, with-
out degradation of their resistance and energy dissipation 
capacity over time.

Figure 3 shows two configurations of the fric-
tion damper, which are currently under development 
[24, 25].

upgrading technology is concentrated on the connection 
devices to protect the CLT panels from damage. In fact, 
in case of moderate ground motions, the CLT panels in-
crease the seismic capacity of the structure, while in case 
of stronger ground motions, the friction dampers dissipate 
part of the input seismic energy, thus reducing the seismic 
demand of the structure. This further resource of the sys-
tem reduces the damage to structural components and the 
possibility of collapse. The size and number of the e-CLTs 
are defined in accordance with the seismic deficiency of 
the building and the assumed target performance.

Each e-CLT integrates: 1) a layer of thermal-acous-
tic insulation material; 2) a weatherproof vapour-open 

Fig. 2. e-CLT component.

Fig. 3. Friction damper configurations: (a) multiple-bended configuration with CLT-steel connection on the external side of CLT; (b) single-bended 
configuration with CLT-steel connection on the internal side of CLT.

(a) (b)
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Overall, the activation of the damper by a predefined 
force allows controlling the internal forces on both the 
damper components and the CLT panels, which are di-
mensioned to limit or avoid their damage and consequent 
replacement after a seismic event. The length of the slot-
ted hole should also be designed in accordance with the 
maximum allowable lateral drift of the building to avoid 
the shear failure of the preloaded bolts before the RC 
structure could exploit its maximum drift capacity. Fur-
thermore, on an industrial scale, the proposed geome-
tries of the damper facilitate their manufacturing process 
since the profiles are produced by cutting, drilling, and 
press bending of steel sheets. These are common pro-
cesses in metal parts factories, thus increasing the poten-
tial commercial success of the damper.

3.1.2. THE E-PANEL COMPONENT

The e-PANEL (Fig. 5) is combined with the e-CLT to 
complete the new prefabricated envelope by retaining an 
aesthetic uniformity. It is applied to the outer windowed 
walls of the building and integrates new high perform-
ing windows (multiple glazing with inert-gas filling, 
thermal-break frames or wooden frames, low-emission 
coatings, etc.), which replace the existing ones. The new 
windows can be equipped with external sun shading sys-

In both configurations, the damper consists of two 
press-bended steel profiles that connect the CLT panels 
of two consecutive storeys. One profile, called “anchor 
profile”, is connected to the RC beam by anchors for con-
crete. The other profile, called “free profile”, is provided 
with a slotted hole and is connected to the “anchor profile” 
by preloaded high strength bolts. Standard timber screws 
connect the two steel profiles to the CLT panels. The dif-
ference between the two configurations of the damper 
concerns their geometry. In particular, one configuration 
(Fig. 3a) is multiple-bended and provides the connection 
to the CLT on its external side. On the other hand, the other 
geometry (Fig. 3b) is single-bended and provides the con-
nection to the CLT on its internal side. Overall, the shear 
force is transmitted between the two profiles by means 
of the friction exerted on the contact surfaces. During an 
earthquake, when the force transmitted by the damper at-
tains the value of the friction force, the “free profile” of 
the damper slides on the “anchor” one thanks to the slotted 
hole, thus dissipating seismic energy (Fig. 4). 

The two dampers have been investigated to evaluate 
their behaviour under cyclic load. More details on the 
numerical and experimental investigations regarding 
these damper configurations can be found in [25]. Fur-
ther experimental studies are ongoing to optimise the 
damper geometry.

Fig. 4. The behaviour of e-CLT in the event of dampers activation.
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Once the e-CLTs of two consecutive storeys are in-
stalled, each “anchor profile” is connected to the corre-
sponding “free profile”. Based on the damper configu-
ration, the “free profiles” can be installed on-site (Fig. 
6a) or can be pre-assembled on the bottom side of each 
e-CLT (Fig. 6b). The first option allows to properly align 
and connect the friction surfaces of the two steel profiles, 
but it requires more time to tighten screws on-site. Con-
versely, the second option makes the installation process 
faster, but more prone to errors since the alignment of 
the friction surfaces cannot be guaranteed on-site. In this 
regard, additional alignment components are under in-
vestigation to avoid installation errors. 

Unlike the e-CLTs, the e-PANELs are not equipped 
with friction dampers since they do not have a structur-
al role, but they are connected to the building structure 
through steel connectors with seismic resistance prop-
erties (Fig. 6). Specifically, the e-PANELs are fixed at 
the top through commercial angle steel brackets, while 
specific sliding connectors are provided at the bottom. In 
this way, they undergo the same sliding movement as the 
e-CLTs in case of damper activation, while their out-of-
plane rotation is avoided. 

The e-CLT and e-PANEL are not connected to each 
other to avoid the transmission of forces from the struc-
tural panel to the non-structural one, which could dam-
age the latter.

After the e-CLTs and e-PANELs installation, clad-
ding solutions to cover the dampers are required. These 
solutions must be easy to install and remove for damper 

tems (e.g., Venetian blinds, roller shutters etc.) to reduce 
indoor overheating in summer. 

Since the e-PANEL has no structural role, it is made 
of a lightweight wooden frame to ensure easier manufac-
ture, low environmental impact, and cost savings.

The e-PANEL integrates an insulation layer, a weath-
erproof vapour-open membrane, and a finishing coating, 
as much as the e-CLT. A non-ventilated air cavity be-
tween the insulation and the cladding layers can be re-
quired to match the overall thickness of the e-CLT.

3.2. CONSTRUCTION ANALYSIS

The proposed retrofit technology is characterised by a 
high level of prefabrication, which makes its implemen-
tation fast and easy. Indeed, the panels are entirely pre-
fabricated and are installed through mobile lifting equip-
ment (cranes, lifting platforms, etc.), which avoid the 
disruption of traditional scaffoldings (Fig. 6). 

The installation of the panels takes place from the 
ground storey of the building to the top one, and from 
the right corner to the left (or vice versa). Specifically, 
the e-CLTs are connected to the RC beams through the 
“anchor profiles” of the friction dampers. These pro-
files are pre-assembled on the top side of each e-CLT. 
An additional steel plate between the beam and the 
profile is provided to ensure the vertical alignment of 
the e-CLTs and also cover the gap resulting from the 
removal of the finishing layer of the beam for a higher 
profiles grip. 

Fig. 5. e-PANEL component.
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The case study is an RC framed apartment block 
(Fig. 7a) built in 1964 and located in the city of Cata-
nia (Sicily, Southern Italy). It belongs to a public housing 
compound and is representative of the buildings erected 
in Southern Italy before the issue of the most recent and 
restrictive national regulations on seismic resistance and 
energy efficiency in buildings. Indeed, the RC framed 
structure is mainly arranged along the longitudinal di-
rection, while the external infill walls are made of two 
leaves of hollow concrete light blocks (8-cm thick inter-
nal leaf and 12-cm thick external one), with an intermedi-
ate non-ventilated, non-insulated air cavity (9-cm thick). 

inspection and maintenance (e.g., preload friction bolts 
that may have loosened after a seismic event). They also 
need to reduce the thermal bridges at the beams level.

Based on the above construction analysis, potential 
application solutions of the proposed retrofit technology 
are illustrated in Section 4 to investigate its technical fea-
sibility and versatility.

4. APPLICATION SOLUTIONS

Figure 7 schematically shows an example of the applica-
tion of the proposed technology to a case study. 

Fig. 6. Scheme of installation of the proposed retrofit technology in case of damper connection (a) on the front side and (b) on the back side of 
the CLT panel.
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Figure 8 shows an example of stratification for the 
e-CLT and e-PANEL. The e-CLT is assumed to be made 
of a 10-cm thick CLT panel coupled with a 6-cm thick 
wood fibre insulation layer, while the e-PANEL integrates 
an 8-cm thick wood fibre insulation layer. These stratifi-
cations allow reducing the U-value of the existing wall by 
complying with the limits set by the current regulations 
for the climate zone B (Catania). Cement-based boards 
are inserted into both the panels to ensure adequate fire 
performance, preventing the wood-based insulating ma-
terial from contributing to the spread of a fire. Moreover, 
a weatherproof vapour-open membrane protects the main 
layers of each panel (i.e., insulation materials, CLT panel, 

In the post-renovation state, the structural e-CLT pan-
els are applied to the outer blind walls of the building 
by assuming their uniform arrangement on the opposite 
building fronts, according to the concept of the retrofit 
technology (Fig. 7b). Conversely, the e-PANELs are ap-
plied to all the windowed walls. 

Potential application solutions of the proposed technol-
ogy are here illustrated, with a focus on the main techno-
logical issues discussed in Section 3.2. These solutions are 
aimed at: 1) ensuring the correct operation of the technolo-
gy in case of dampers’ activation; 2) ensuring the high dura-
bility and the quality performance of the system; 3) provid-
ing a proper architectural integration of each component.

(a)

(b)

Fig. 7. Pilot building in its current state (a); application of e-PANELs and e-CLTs to the pilot building (b).
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The solution in Figure 9a provides for the installation 
of the cover panel in multiple steps, which include: 1) 
installing the cover panel and overlapping its weather-
proof membrane to one of the upper and bottom e-CLTs 
to protect the joints from water infiltration; 2) fixing the 
cladding substructure (e.g., aluminium or wooden studs) 
and then the cladding layer. This solution is suitable 
for various cladding materials. For instance, porcelain 
stoneware tiles can be fixed and removed through stan-
dard clip systems, while pre-plastered cement boards or 
wooden staves through pre-painted screws.

On the other hand, the solution in Figure 9b provides 
for the total prefabrication of the panel, which also inte-
grates the cladding layer off-site. In this case, the panel 
is screwed to the upper e-CLT using an aluminium plate 
that is pre-fixed to it. Aluminium flashings are also pro-
vided on its upper and lower side to avoid water infil-
tration since the overlapping of the weatherproof mem-
branes cannot be achieved in this case.

The above-described insulating and removable cover 
panel is also used to connect two consecutive e-PANELs, 
thus ensuring an architectural uniformity of the entire 
façade.

etc.). A 3-cm thick air cavity is also provided between the 
insulation and the cladding layers to reduce building ther-
mal loads in summer while also drying rainwater infiltra-
tion or winter moisture. Then, a cladding layer made of 
wood-plastic composite (WPC) slats is assumed for both 
kinds of panels. According to the above stratifications, the 
total panel thickness is 24 cm.

The e-CLT and e-PANEL are not connected to each 
other, as reported in Section 3.2. Instead, they are sepa-
rated by a 2.5-cm wide joint that is protected from rain-
water infiltration through an UltraViolet (UV)-resistant 
EPDM softband.

Figure 9 reports potential components to cover the 
dampers after e-CLT and e-PANEL installation. These 
components are prefabricated panels that must be re-
movable for dampers inspection and maintenance. They 
have a wooden frame structure and integrate insulation 
material. On one side, each panel is fixed to the e-CLT of 
the upper storey through standard screws, while it is put 
on the e-CLT of the bottom storey by means of a tongue 
and groove joint; in this way, it can follow the sliding of 
the upper e-CLT in case of dampers activation without 
suffering damage.

1. CLT panel, 10 cm
2. Wood fibre thermal insulation, 6 cm
3. Cement-based board, 1.25 cm (e-CLT)/ 1-1.25 cm (e-PANEL)
4. Weatherproof vapour-open membrane 
5. Ventilated air cavity, 3 cm 

6. WPC slats 
7. EPDM softband 
8. OSB board, 1 cm
9. Wood fibre thermal insulation, 8 cm
10. Non-ventilated air cavity, 6 cm

Fig. 8. Horizontal section of e-CLT and e-PANEL.
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1. CLT panel, 10 cm
2. Wood fiber thermal insulation, 6 cm
3. Cement-based board, 1,25 cm 
4. Weatherproof vapour-open membrane 
5. Ventilated air cavity, 3 cm
6. WPC slats 
7.  Aluminium plate pre-fixed to the panel and to be fixed 

to the e-CLT of the upper storey
8. Aluminium flashing 
9. Tongue and groove joint
10. Friction damper
11. Fixing plate

Fig. 9. Cladding solutions to cover the dampers after the e-CLTs installation: (a) partially prefabricated cover and (b) totally prefabricated 
cover.

(a)

(b)

1. CLT panel, 10 cm
2. Wood fiber thermal insulation, 6 cm
3. Cement-based board, 1,25 cm 
4. Weatherproof vapour-open membrane 
5. Ventilated air cavity, 3 cm
6. WPC slats 
7. Screw connection to the e-CLT of the upper storey
8. Overlapping of the weatherproof membranes 
9. Tongue and groove joint
10. Friction damper
11. Fixing plate
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The above analysis of the main target buildings is at 
a preliminary stage. More investigations are required 
based on the developments of the technology.

6. CONCLUSIONS 

This paper describes and analyses the technical feasibili-
ty and versatility of a novel technology for the integrated 
seismic and energy renovation of RC framed buildings. 
The proposed technology consists of applying prefabri-
cated, insulating timber-based panels to the existing outer 
walls of the building by combining structural CLT-based 
panels equipped with innovative friction dampers with 
non-structural wooden-framed panels hosting high-per-
forming windows. The result is a new prefabricated shell 
that acts as seismic-resistant and energy-efficient skin, 
also contributing to renovating the architectural image 
of the building.

Specifically, this work analyses the main technolog-
ical issues of the proposed intervention and investigates 
technical solutions to ensure a correct operation during 
seismic events, a high durability and quality performance 
of the main components, as well as a proper architectur-
al integration. The investigated solutions, applied to a 
case study located in Southern Italy, show the effective 
applicability of this retrofit technology to the main tar-
get buildings (multistorey residential RC framed build-
ings built between the 1950s and the 1990s) and ensure 
a high level of prefabrication, thus significantly reduce 
implementation costs and time and occupants’ disrup-
tion. Moreover, the proposed intervention turns out to be 
highly versatile since it does not require too much space 

5. POTENTIALITIES AND APPLICATION 
LIMITS OF THE PROPOSED RETROFIT 
TECHNOLOGY

The main target of the proposed retrofit technology is 
multistorey residential RC framed buildings built be-
tween the 1950s and the 1990s. These buildings usual-
ly have regular openings on façades, which allows for 
uniformly applying the structural e-CLT panels to each 
building storey. Specifically, the system can be effec-
tively used in buildings provided with outer blind walls 
where an adequate number of structural panels should be 
applied to ensure the expected level of seismic upgrading.

Detached buildings are better suitable for this tech-
nology since the e-CLTs can be added to each front of 
the building. Otherwise, the internal application of the 
e-CLTs to the walls between two buildings might be re-
quired.

If there are colonnades at the ground story of the 
building, the e-CLT panels will need to be applied to 
them. This will be possible if the CLT application does 
not affect the use of these areas.

Many garages or commercial premises with many 
large shop windows may also preclude the e-CLTs ap-
plication, unless the surface of the windows is reduced 
during the renovation works. Even an extensive use of 
bow-windows limits the application of the structural 
panels, which cannot be connected directly to the beams 
of the RC structure, thus considerably reducing the effec-
tiveness of this solution.

Figure 10 shows some examples of buildings suitable 
to be renovated with the proposed retrofit technology.

Fig. 10. Examples of target buildings located in Catania (Southern Italy, high seismic zone).
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38:102190. https://doi.org/10.1016/j.jobe.2021.102190

[10]   Ferrante A, Mochi G, Predari G, Badini L, Fotopoulou A, Gulli 
R, Semprini GA (2018) European Project for Safer and Energy 
Efficient Buildings: Pro-GET-onE (Proactive Synergy of inte-
grated Efficient Technologies on Buildings’ Envelopes). Sus-
tainability 10:812. https://doi.org/10.3390/su10030812

[11]   Passoni C, Guob J, Christopoulosc C, Alessandra Marini A, 
Riva P (2020) Design of dissipative and elastic high-strength 
exoskeleton solutions for sustainable seismic upgrades of ex-
isting RC buildings. Engineering Structures 221. https://doi.
org/10.1016/j.engstruct.2020.111057

[12]   Ecosism. Geniale cappotto sismico. http://www.ecosism.com/
moduli/geniale/. Accessed November 2022

[13]   Artino A, Evola G, Margani G (2019) Seismic and Energy Ret-
rofit of Apartment Buildings through Autoclaved Aerated Con-
crete (AAC) Blocks Infill Walls. Sustainability 11:3939. https://
doi.org/10.3390/su11143939

[14]   Margani G, Evola G, Tardo C, Marino EM (2020) Energy, seis-
mic, and architectural renovation of RC framed buildings with 
prefabricated timber panels. Sustainability 12:4845. https://doi.
org/10.3390/su12124845 

[15]   Brandner R, Flatscher G, Ringhofer A, Schickhofer G, Thiel A 
(2016) Cross laminated timber (CLT): overview and develop-
ment. Eur J Wood Prod 74:331–351. https://doi.org/10.1007/
s00107-015-0999-5
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inated Timber (CLT): A state-of-the-art Report. In: Focus Solid 
Timber Solutions - European Conference on Cross Laminated 
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around the building, thanks to the limited thickness of 
the panels. 

Further technical investigations will be conducted ac-
cording to the results of the ongoing multidisciplinary 
research that is involved in developing the proposed ret-
rofit technology.
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