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Abstract.This paper focuses on the structural behavior and the optimal design of a new double-skin aluminium 

ventilated façade system thatis connected on existing buildings in order to enhance their energy performance. The 

double-skin façade systems are nowadays extensively used in modern construction due to the fact that they can be 

manufactured as building façades to possess all those high efficiency properties prescribed by the designer; among 

these properties predominant role playsthe safety of the supporting and anchoring system, the high strength-to-self-

weight ratio, and the serviceability requirements of structural members. 

 

1 INTRODUCTION 

From a structural engineering standpoint, although usually the double-skin façade systems are considered as 

secondary structural systems, their structural performance has to be meticulously analysed and designed to fulfill 

modern structural codes requirements because they are in most cases subjected to strong environmental actions. The 

structural response of a façade system subjected to normative load combinations is numerically investigated within 

the Eurocodes framework. In addition, an optimal structural design of the supporting aluminium system is carried 

out by applying advanced finite element analysis schemes and taking into account structural design principal 

criteria. The proposed optimal structural design approach leads to useful conclusive remarks for the selection of the 

basic structural members, as well as the anchor details with reference to the dominating actions being wind and 

earthquake action. The proposed methodology is illustrated by means of a numerical application on a typical 

building double-skin façade case study (see Fig. 1). 

 

 

mailto:thnik@civil.auth.gr
http://www.civil.auth.gr/index.php?option=com_contact&task=view&contact_id=191&Itemid
mailto:thnik@civil.auth.gr
mailto:c.baniotopoulos@bham.ac.uk


 

 

 

 

 

 

Figure 1. The structural system of the double-skin ventilated E2VENT façade system. 

 

Even though aluminium exists for too many years, is considered new material compared to reinforced concrete 

and steel that are widely used in constructions especially in Europe. However there are specific properties of 

aluminium such as high strength in relation to low self weight, resistance to corrosion, recyclability, ease of shaping 

and the tendency of the era to sustainable design and simultaneously, low-cost and high aestheticsthat make this 

material ideal for a variety of some particular constructions. 

2 DESCRIPTION OF OPTIMAL DOUBLE-SKIN FAÇADE SYSTEMS AND PERFORMANCE 

CRITERIA 

According to [1],[3],[6],[7]when designing external envelope building systems three principal considerations 

have to be taken into account: performance, appearance and economy. In the case of the E2VENT ventilated façade  



 

 

system these requirements are tightly connected to the form and the position of the supporting metal structure and 

anchoring system to the building external wall.The strategy for more fixed or more flexible (and movable) structure 

was used here for different design criteria or different building case studies. The analysis mainly focuses on the 

applicability of the structural system for standard design situations taking into account at the same time a desired 

robustness of the secondary structure for extreme design situations (out of the applied loading value spectrum).  

The double-skin façade system is an externally connected structure for new and existing buildings. This 

mechanically and thermally efficient system is composed by an aluminium cladding kit and its supporting structure 

(see Fig. 1). The cassettes of the cladding kit are suspended by hangers on theirs horizontal ends been connected 

with the Vertical (Main) Profiles (see Fig. 2). 

 

 

 

Fig. 2. The bracket and the T shaped beam that compose the support frame of the E2VENT façade system. 

 

The vertical (main) profile is a continuous T shape beam, with a total length equal to the buildings storey height 

supported on the concrete plates in every floor and on the external (brick, masonry etc.) wall, so as to create a 

continuous 3 span static system. The L-shaped aluminium brackets of this support system and anchored to the 

building with adhesive (chemical) galvanized bolts using injection mortar. 

Although these systems are secondary structures of the building, they have to be effectively designed to safely 

resist the variable actions of wind and thermal loads acting on the building façades. In addition, any other load 

combination case,such as seismic action, should be meticulously considered to maximise the structural safety and 

minimise hazards. The vertical members of the systemsupported both on the storey diaphragm members and on the 

brick or masonry external wall. This way, wind loads are safely transferred from the external surface to the columns 

of the system and from the columns to the diaphragm and brick wall members through anchors/brackets. It is 

noteworthy that besides the wind load, the aluminium framework resists possible seismic actions. The seismic action 



 

 

is transferred to the system from the main building frame as a group of constrains acting on the supports. An 

approach considering both the Structural Codes curtain-wall strength and serviceability requirements and the 

minimisation of the project cost is here proposed, taking into account the aforementioned needs for the building 

façade and targeting to the aluminium profile optimization at different wind load zones. 

Previous studies on wind loadings and building aerodynamics emphasised the significance of the distribution and 

the application of wind pressures on building façades [2]. Recent research efforts were focused on the safety and 

hazards due to seismic action on the nonstructural components in buildings, as are e.g. the façades systems 

[4],[5],[8],[9]. The structural system performance analysed below have to satisfy the Ultimate and Serviceability 

Limit States design values provided by Structural Codes e.g. EN 1999-1-1 (Design of aluminium structures) [6]. 

With regard to the combination of the actions in an Ultimate Limit States design, the principal and the seismic load 

combination are both in sequence applied having as design target the maintenance of the von Mises stress συ under 

the limit of the ultimate fu or the proof strength f0,2 of the structural aluminium alloy used, where fu is the ultimate 

tensile strength of the alloy. 

3 VERIFICATION OF ACTIONS AND COMBINATION OF DESIGN STATES 

As far as combination of actions concerns, it should be underlined that several combinations for different limit 

states of the permanent actions Gk (self-weight etc.), variable loads Qk (wind pressure w, thermal action Tk, etc.) and 

seismic action AEd have been applied. The leading variableaction for these design situations is always the 

windpressure wactingonthe external surfaceof the double-skin building façade. The design values of the wind 

pressure w on the surface of the structural model varied depending on the installation height (estimation of the peak 

velocity pressure qp(Ze)) and the corresponding external pressure coefficient cpe,A (see Fig.3) for the different discrete 

areas of the windward side of the building.  

The peak velocity pressure can be calculated based on paragraph 4.2 of EN 1991-1-4 by a mean wind velocity 

with a value of vm=27m/sec. The corresponding external pressure coefficient is dependent on the size of the wind 

loaded area and can be calculated according to paragraph 7.2 of EN 1991-1-4. In this analysis the estimation of four 

representative wind loading areas (Area1 to Area4) of the building façade is based on the calculation of the critical 

wind pressure wAREA(i)=qp(z)·cpe, in respect to the distinct areas A,B or C (see Fig.4) of the façade and to the reference 

cited height ze of each structural unit. 

 

 

Fig. 3. On the determination of the external pressure coefficient Cpe,A for parts of buildings with a loaded area A 

between 1 m2 and 10m2. 
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In the combination of actions for seismic design states, the partial factor ψ02 for quasi-permanent variable actions 

as is the dominating action of wind pressure w might be zero in accordance to the Annex A of EN 1990. For the 

present research purpose, the value of the partial factor ψ01=0.2 as a frequent variable action for the wind action 

during a possible seismic design state at this secondary structure has been introduced.The limitation of inter-storey 

drift dt is based a) on the EN 1998-1 §4.4.3.2, for ductile non structural elements attached to the building with a limit 

of dt=0,0075h/v, where h is the typical storey height and v is the reduction factor. 

 

 

Fig. 4. Building case study and wind zones distribution for the vertical walls. 

 

Moreover, analysis of certain critical independent parts of the system such as aluminium columns and brackets 

(anglealuminium connections with galvanized steel anchor bolts),was performedin the sequel.It is speculated that 

this way more accurate results on the structural behavior of the system can be extrapolated because the high 

computational demands of full-scale models can possibly cause numerical instabilities. The software used 

automatically formulates the self-weight of the structural components by using the density of aluminium and the rest 

materials, whereas the variable surface loads are applied as pressure distribution on the external aluminium panels of 

the model.  

In order to find an optimisation mechanism to the design procedure, a parametric study has been applied for the 

main components of the system by using comparison tables and evaluation diagrams.This procedure includes an 

estimation of cross-section requirements for the critical members of the structural system at the four distinct wind 

loading areas (Fig. 4). 

 

4 NUMERICAL APPLICATION 

4.1 Finite-element model analysis 

For the purposes of the present study the analysis of a standard curtain-wall system led to the determination of the 

most critical parts of the system (see Fig. 5). The developed finite-element model is composed of a structural 

aluminium panel unit that covers a single storey of the building of height h=3.33m.The external aluminium cladding 

kit panels supported on the aluminium vertical columns of the framewhich are connected at the respective ends to 

the horizontal diaphragms (floors) and at the joints in the segment of a single storey to the brick or masonry wall, so 

as to correspond to a three spans beam.Along the horizontal axis, the overall model is composed of aluminium 



 

 

vertical columns in a distance of b=1.0m without any other horizontal connection between them. Each aluminium 

cladding kit of distances 0.95x0.95 (cm) is attached to the vertical elements of the previously described system. For 

the present study a 10-storey building with quadrilateral 30x20 m plan with cladding kit panels attached to all its 

façades has been considered. The structural analysis was based onEC1999-1-1for a typical structural aluminium 

system. 

On specified points along the vertical columns the brackets ofaluminiumangles L connected with anchor bolts to 

the building’s wall. On the other hand, the connection between the bracket and the vertical columnis implemented 

by galvanised bolts or aluminium rivets. Wind, seismic, thermal action and any other possible design load imposed 

on the building according to the limit design states are defined in accordance toEurocodes. A properassessment of 

thedesign loadsand the subsequent analysis leadsto an accurateestimationof the von Mises stress συ range, as well as 

the maximum deformations of all members of the system under investigation.  

 

 

Fig. 5. Finite-element model of a structural independent cladding kit aluminium system. 

 

 

The present analysis of the overall system, as well as this one of the independent parts of the structural details 

has been carried out by the ANSYS finite-elementmethod software. 

The structural material employed was aluminium for the system, where as certain connection parts (bolts) were 

galvanized steel. The modulus of Elasticity of aluminiumis E=70000N/mm2 and its density is ρ=2700kg/m3.  It is 

worthy to underline that the stress-strain curve of aluminiumused in order to describe the material characteristics 

highly depends on the alloy and the treatment employed.  

For the present application at hand, structural aluminiumalloy EN AW-6060ET,EP,ER/B T66 (t≤3mm, 

f0.2=160N/mm2, fu=2150N/mm2, minimum elongation A=8%, fΗΑΖ=65N/mm2, fΗΑΖ=110N/mm2)has been selected.  

The actual 0.2% proof strength (f0.2 proof strength) corresponds to a value of plastic strain equal to 0.002.  

 

 



 

 

4.2 Optimal analysis of the structural system 

This part includes multiple parametric analyses in order to optimise the distribution of the basic structural system 

and to evaluate the resistance of the selected sub-construction elements. The main structural component of the 

system is the Vertical column (of T shape) main profile. In order to optimise the design of the structural frame of the 

system, a number of finite element models are developed and evaluated under the action of critical loads (see Fig. 6) 

and loading combinations at the respective limit states.  

 

 
(a)                                                                                          (b) 

Fig. 6. Distribution of deflections of the cladding kit system with application (a) on a ten storey building’s façade 

and case and (b) on an eighteen storey building’s façade. 

5 PARAMETRIC ANALYSIS 

In order to find an optimisation mechanism for the design procedure, a parametric study has been applied for the 

main components of the system by using comparison tables and evaluation diagrams. 

 

 

Fig. 7. Von Mises stresses on a complex connection detail of the model under loading combinations,(a) Wind 

pressure at U.L.S., (b) Earthquake at Seismic Design Situation (includingthermal break and part of the wall). 

 



 

 

This procedure includes an estimation of cross-section requirements for the critical members of the structural 

system at different distinct wind loading areas of the building’s façade, as well as includes also a comparison 

between models with different design aspects such as described previously.  

The present approach includes a plethora ofanalyses in structural models with various cross-section dimensions 

of the principal structural members. In this analysis the indicator of cross section classification according EC9-1-1 

(see Tab.1)is the key issue for an optimal performance of the system (see Fig.7).   

 

 

Table1 : Cross section classification of the T shape column and calculation of the effective section 

 On the other side, an optimal strengthening design for the frame has been attempted, e.g. the strengthening 

by changing the number of supports (e.g. four supports and three spans instead of three supports and two spans)or 

the type of anchoring bolts (adhesive or mechanical) until to have the final verification for the system. Moreover the 

choice of an aluminium rivet connection between the angle bracket and the vertical column instead of galvanized 

steel bolts has been attempted (see Fig.7). 

 

 
                                       (a)                                                                                        (b) 

Fig. 7. Von Mises stresses on an aluminium rivet under critical loading combination (a) and comparative diagram 

of stress on aluminium rivet instead of galvanized bolt at a critical connection. 

 

This way the verification of the system including the dimensions of the different structural components (see 

Fig.8) and their structural/operational behaviour, as well as the limits of application so that they are optimal. 
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                                                 (a)                                                                                        (b) 

Fig. 8. Von Mises stress range caused by each load case independently (a) and stress verification on different 

structural components of the system for the critical loading combination (b). 

 

6 CONCLUSIONS 

Since their appearance, double skin façades used to be designed empirically, whereas only recently relevant 

standards were developed. The proposed approach intends to contribute to these efforts by providing the engineers 

with an effective technique and the respective insight to optimise the design of the system regarding their structural 

performance. To this end, different analysis models have been developed and relevant graphs have been obtained in 

order to achieve the previously mentioned objective. 

The fact that this aluminum frame has low self weight is easily placed and collated. In addition, by placing it 

thermal loss and thermal bridges are minimised. This aluminum frame is replaceable and reparable in case that 

somebody needs to do it. Furthermore, in the present analysis wind actions, thermal conditions, seismic movements 

and any other load has been considered, as the latter are defined in accordance to Eurocodes. 

A comparison between the ultimate design state with dominating variable action this one of wind and the critical 

seismic design state that includes the frequent value of the wind pressure shows that seismic action might cause 

undesirable damage in the anchoring system of the system. 

Moreover a few analyses of isolated parts of the system are conducted so as to acquire more accurate results of 

the behavior of the aluminum frame and to perform the required checks. The Von Mises stresses taken by the 3D 

finite elements analysis, as well as the maximum deformation were checked according to Eurocode limits.By this 

method the structural components of the system such as the vertical columns, the angle bracket dimensions, the bolt 

or rivet characteristics and sizes, the influence of the thermal brick between the angle bracket and the wall could be 

optimally verified for the basic wall characteristics. The aforementioned procedure could be considered as utmost 

useful so that an optimal design for an aluminium frame system for any other double skinned buildings analysis to 

be obtained. 
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