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This paper is the second in a series on the behavior of closed cavity facades (CCF) under termo-mechanical loading 

excitations. CCF are a novel trend for sustainable high quality double skin façade solutions, characterized by a minimal 

maintenance demand. The air cavity is designed according to stringent air tightness requirements, provided with a small 
dry air flow that preserves the relative humidity, minimizing the risk for condensation and dust ingress. This extremely 

reduced permeability, with respect to typical double skin design, gives a scenario in conflict with the general 

prescriptions for the structural calculations of double skins under wind and climatic loading. This paper is the second of 
a series of three documents that aim to identify the structural shortcomings in the current codes and to propose efficient 

calculation methods and modifications to the current calculation strategies in order to overcome a critical design paradox 

in double skin and in particular CCF aim to reach the highest sustainability performance, by means of outstanding thermal 
and acoustic insulation efficiency and providing the cavity with a clean and dry environment, suitable for a significant 

upgrade of the façade life expectancy. On the other hand, an overly conservative calculation approach is generally against 

the optimization of the sustainability performance indices, determining an excessive use of materials and then impacting 
the overall life cycle cost under several perspectives.  In particular, the objective of this second paper is to describe in a 

measurable way the permeability behaviour of a CCF, defining statistical variability and nonlinearity effects measured 

during dedicated experimental testing. The permeability functions represent a fundamental input for the proposed 
assessment tool introduced by the first paper and it will be seen that an accurate quality control during the manufacturing 

can ensure the robustness of an optimized calculation approach, based on the load sharing mechanism between the skins. 
In the third paper it will be shown that the proposed tool, fed by the experimental permeability functions, renders 

adequate to predict the façade structural behaviour under the superimposition of thermal loading, wind loading and dry 

air flow effects, when compared with measurements collected during outdoor testing on a façade specimen. 
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1.Introduction 

Double skin facades are always source of uncertainties regarding their mechanical behavior under wind loading, when 

researchers look for a compromise between safety and the possibility to apply a reduction of the net pressure 

coefficients. If the load sharing mechanism for fully impermeable cavities (insulating glazing units) is a well described 

and understood phenomenon, on the contrary the wide range of applications for permeable double skins would require 

an extensive investigation through completely different scenarios in order to characterize the impact of local and 

global effects on the net pressure build up. Standards and best practices define simplified and comprehensive analytical 

approaches and aim to present to the designer a way for an optimized yet safe design approach, but in case of double 

skin facades there is a lack of guidelines in this sense. The current Eurocode revision for wind loading, EN1991-1-4, 

is only proposing a discount for the pressure coefficient on the permeable skin, when it is possible to classify one of 

the skins as permeable and the other impermeable. The classification is carried out by means of the impermeability 

limit, defined as 0.1% of the skin surface for the equivalent opening area of the skin. Under these circumstances, the 

designer is allowed to reduce by one third the net pressure coefficient in case of pressure and by two third in case of 

suction. Although it is not fully clear whether the guideline applies regardless of construction type of the double skin, 

for instance compact unitized system or large open cavity with an external skin in front of the air barrier single skin, 

it is evident that the guideline looks at the typical ventilated double skin scheme. In this case the analogy with the 

classical pressure equalization scheme for the rainscreen is quite robust: generally, the outer skin is the rainscreen 

barrier and provided with a certain opening surface ARS, while the inner skin is the air barrier skin and it is 

characterized by AAB openings. Rainscreeen strategy states that ARS should be at least ten times bigger than AAB in 

order to provide the cavity with pressure equalization to the external environment. EN1991-1-4 statements for 

permeable skins is based on the evidence that a rate of pressure equalization about 99% is reached if the above quick 

design guideline is adopted for the ratio of the openings. However, when both the skins are impermeable the code 
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supports only the discount of the internal pressure part for the less stiff skin, which basically neglects any load sharing 

effect. The contradiction is quite evident, as in a comprehensive and organic approach, the code should merge in the 

same theory the scenario of fully closed (insulating units) and fully pressure equalized (ventilated double skins) as the 

two extreme scenarios. 

Although in the past the impermeable/impermeable case was not of applicative importance, during recent years a 

novel type of façade has been developed which has permeability conditions close to the scenario of a double air barrier. 

The design principle in terms of watertightness strategy is different than ventilated facades, as there is no intent to 

equalize the cavity to one of the two boundaries, but just to make both the skins as much airtight as possible and 

control the cavity permeability by intended ventilation holes provided through the framing members. Micro-

ventilation is provided by the balance between a low dry air flow continuously pumped into the cavity and the air flow 

exchange through the intended holes.  This different façade concept has been understandably called Closed Cavity 

Façade (CCF) and Fig. 1 shows at the left side one typical design for one commercial technology of this façade type, 

named mfree-SCCF.  

  

Fig. 1 Typical mfree-SCCF design (left) with permeability sources (mid) and equivalent rainscreen scheme (right) 

Differently from the classical rainscreen scheme, for which the surface openings have a clear predominance of ARS 

with respect to AAB, in a CCF the openings can be comparable, of the same order of magnitude. In addition to the 

ventilation holes, which can be easily measured and accounted for one or the other skin, there are other concentrated 

and distributed sources of permeability, strongly dependent on the design strategies, like for instance the structural 

silicone wet or dry gasket system to support the glass. Permeability exists indeed between gasket and glazing and its 

equivalent opening area changes depending on direction (pressure or suction) and magnitude of the net pressure, as 

the gap can be closed in one direction of pressure and open in the other one and it can be in general increasing when 

the net pressure increases. Or, quite often, it can have sudden transition from a quite constant equivalent opening area 

by the net pressure to a state of abrupt increase of permeability. In addition, other sources of permeability can occur 

because of unintended manufacturing variations, like unsealed mullion to transom connections and other gaps like 

screw holes. The level of designed permeability of the cavity is so low than any unexpected difference can have a 

non-negligible impact. For this reason, the authors believe that a custom design approach would be the most suitable 

response to the current uncertainties of the standards about the load sharing in double skins. For this purpose, the 

recent publications of [CWCT] pushes in the same direction. The manuals show exactly the same design guidelines 

published firstly in EN1991-1-4, but they state that it is possible to use different pressures than reported in the tables 

by detailed calculations or measurements based on actual façade construction. Also, they highlight that construction 

tolerances should be taken into consideration. Indeed, it should not be forgotten that sustainability is an important 

objective for the façade design, even considering safety always comes first. Furthermore, especially in the market of 

bespoke curtain wall it is often difficult to adopt simple rules of general application. The best compromise for an 

optimization stays a flexible calculation approach that accepts as input a series of façade geometries, materials and 

other characteristic inputs. With respect to the CCF, it will be evident that the permeability functions are the major 

unknown, while all the other façade parameters can be derived by well-established tools or calculated by validated 

algorithms. For this reason, the authors believe that a calculation assessment tool should be validated and used in 

conjunction with permeability functions derived by experimental testing when a new custom design without any 

reference is going to be used. Or, sensitivity analysis can be conducted, based on already existing data, previous 

experience and known scatter. It would be possible to improve the current code with a conservative approach by 

providing analytical approaches with general validity, but hence not fully optimized given the lack of specific input. 
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In the following document, the authors will report experimental results obtained for a sample unit of mfree-SCCF 

manufactured for a recent project in London. The permeability functions discussed will be fundamental for the setup 

of the calculation approach that will be shown in the third paper, aiming to validate the proposed assessment tool in 

comparison with measurements of façade cavity pressure and displacements under superimposition of thermal 

loading, wind loading and air dry flow. In a first part the calibration test, part of the quality control procedure, will be 

discussed, giving the insights for the understanding of permeability levels and scatter among the different specimens. 

Then, in a second part, by means of static equalization pressure tests, a method to define the permeability function of 

a specific unit will be discussed.  

Although presented in relation to the CCF façade type, the approach at hand is applicable to any type of compact 

double skin, for which the internal of the cavity could be reasonably considered as a confined volume in 

communication with established external or internal known pressures by means of surface openings. In particular, the 

benefit of a comprehensive assessment tool is clear because it can identify the range of permeabilities for which a 

certain effect is relevant. For this purpose, it will be seen that a CCF, in contrast to a ventilated double skin, introduces 

a significant impact of the air cavity temperature on the structural performance, as the reduced permeability does not 

allow a sufficient release of mass in time to avoid a consequent raise of pressure. However, it will also be concluded 

that the effect is not as relevant as assessed by a simple insulating unit equivalent scheme, which in this sense is an 

overly conservative calculation method, to be avoided in favour if a sustainable design. 

2.Calibration tests 

The CCF requires an accurate quality control protocol to maintain the high performance requirements during its entire 

service life. In particular, the value of permeability is a fundamental parameter that is critical for the performance 

adequacy. Like for the mfree-SCCF facade project in object, with a geometry shown at the left side of Fig.2, each 

manufactured unitized façade panel is subjected to a calibration procedure, which should ensure that the permeability 

of the cavity will be maintained in a suitable range for the entire life of the façade. In literature a specific parameter, 

called air tightness K has been defined in order to characterize the permeability of the specimen: 

𝐾 =
𝑄

𝑃0.66
 (1) 

During the calibration test, represented in Fig.2 at the right side, a constant high flow QHIGH is applied to the panel, 

with a consequent buildup of the pressure from P0 to P1 in a certain time. After the first phase, a second phase starts 

with a QLOW application: after this phase the final pressure P2 should remain in a certain range in order to accept the 

panel tightness as it is. Again a third phase with high flow will bring the pressure to the value P3 and finally the P4 

pressure will be reached under a second period of low flow QLOW. Again the panel will be accepted only if P4 will 

remain in the expected range of pressures. The overall duration of the test is a compromise between the expected 

confidence about the air tightness check and a request for a non-excessive increase of production time per unit. Even 

if variable in relation to the size of the unit, in general it takes around 10 minutes.  

A set of calibration tests from the specific project is presented and analyzed below. 

               

Fig. 2 Geometry of the unitized mfree-SCCF panel analyzed (left) and schematic representation of the calibration procedure for a CCF panel 

The set of calibration tests consists of more than one thousands runs on a different types of specimens and with 

different calibration procedure flows, as the flows have to be chosen on the basis of the panel geometry. 102 calibration 

tests have been selected, because they are characterized by exactly the same calibration test conditions and provide a 
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representative statistical sample. Fig. 3 shows the 4 rates of pressure increase during the 4 phases previously described, 

with Gi the rate of the pressure increase or decrease in the corresponding phase of testing duration: 

𝐺𝑖 =
(𝑃𝑖−𝑃𝑖−1)

(𝑡𝑖−𝑡𝑖−1)
 (2) 

 

 

Fig. 3 Histograms of the 4 slopes G1, G2, G3 and G4 under the calibration tests for 102 specimens 

        

Fig. 4 Correlation between G1 and G3 and G2 and G4 slope of the test (left side) and histogram for 102 panels of back-calculated permeability 
by the tool 

Fig. 4 at the left side shows the correlation between G1 and G3, from which it appears that G3 is in general smaller 

than the G1 for the same calibration test. In the same way, correlation between G2 and G4 shows that G4 is in average 

larger than G2. By means of the back calculation with the proposed numerical tool, searching for the total cavity 

permeability ATOT that provides the best fitting of the numerical pressure time history with the measured one, the 

correlation between the permeability ATOT, sum of the two permeability ARS and AAB and G1 can be estimated. Fig. 4 

(right side) shows the histogram of the probability density function for the back-calculated ATOT of each specimen, 

while Fig. 5 shows the cumulative distribution functions of the back calculated permeability Atot. It can easily be 

deducted that in general the permeability slightly increases for increasing values of cavity pressure, as shown by the 

G1-G3 and G2-G4 correlation.  
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Fig. 5 Cumulative distribution function of the back-calculated ATOT 

Another confirmation occurs once the numerical tool is used to back-calculate the response of the cavity with the 

complete flow time history as input. As it can be seen in Fig. 6, when a constant permeability for the cavity is adopted, 

the fit is good during the first 2 phases of calibration, while the pressure is overestimated during phase 3 and 4 (green 

curve). On the contrary, when the permeability Atot is given as input as a function of the cavity pressure, with larger 

values at larger pressures, the blue curve is obtained.  

The results of table 1 show how the estimated pressure is also highly sensitive to the composite action assumed for 

the laminated glass through the shear relaxation module of the PVB. Indeed, a larger or smaller Young Modulus would 

mean a different displacement of the laminated glass under the same cavity pressure, which in turn would mean a 

different volume variation of the cavity and then a different pressure at the equilibrium. In particular, a high composite 

action gives a small volume variation of the cavity under the elemental air flow, then a large increment of pressure 

occurs.  

 

Fig. 6 Comparison between the cavity pressure measured during a calibration test on a façade specimen and the corresponding numerical best 
fitting with linear (constant) and variable non linear permeability function 
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On the contrary a small composite action gives a large volume variation and then a smaller pressure increase for the 

same flow. Table 1 is clearly showing this effect.  For this reason, the calibration of the tool should consider relevant 

variation of load duration and temperature, in order to experience several relevant working conditions for the interlayer 

Young Module. Under the calibration test conditions, it seems that a Young Modulus 30000MPa for the PVB is most 

accurate. Indeed, making use of this value the average values of G1, G2, G3 and G4 as per Fig. 6 occur for the expected 

average values of the cavity permeability. 

 

Table 1: G1, G2, G3 and G4 calculated by the numerical tool in function of the PVB Young Module and total cavity permeability 
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3.Quasi-static tests. Permeability functions 

An efficient assessment tool for the estimation of the double skin façade behaviour under wind loading should properly 

account for both the skin stiffness interaction with the cavity and the permeability towards the different boundary 

conditions, generally external and internal building pressures.  While the stiffness contribution of the skins and the 

behaviour of the gas in the cavity can be derived in a straightforward way by means of the analytical formulations, 

the skin permeability components ARS and AAB are critical elements for the assessment of the cavity pressure in a 

CCF, probably more so compared to other types of double skin facades. The reasons have been discussed in the 

previous paragraph and can be summarized in two major items: 

- The Scatter of the permeability is not negligible and must be taken into account in the pressure assessment 

for design purposes 

- The Permeability of the almost impermeable CCF skin is characterized by a “nonlinear” behaviour as a 

function of the net pressure applied 

The two items are actually typical for every double skin façade, but in the specific case of the closed cavity the topic 

relevance is of upmost importance, because of the small level of permeability involved and because of the similar 

values of permeability that can be accounted for rain screen side and air barrier side of the same skin, leading to larger 

uncertainties/variations in the load sharing behaviour itself. 

In general, permeability is composed of intended surfaces of flow (like slots and holes for ventilation) and unintended 

leaks, concentrated in specific locations (like framing connections, unsealed screws) or distributed along edges, like 

in case of the interface between glazing and supporting frame, where the glass is mechanically fixed. An ideal 

procedure should start from the knowledge of the cavity permeability functions, in terms of its skin permeability 

components, still expressed according to the classical rainscreen and airbarrier representation A+
AB(P), A-

AB(P), 

A+
RS(P), A-

RS(P), where the notation “+” and “-“accounts for the fact that the permeability is not necessarily symmetric 

with respect to the pressure direction. Then in general 4 functions should be known for each cavity, assuming that it 

is in communication with two pressure environments, while additional terms appear when communication with other 

cavities exists (mutual permeability). However, it is questionable whether an approach based on the assembly of the 

single permeability function in isolation would be consistent with the actual behaviour of the manufactured panel. 

Indeed, permeability of the skin is strongly dependent on interactions between framing supports and closure surfaces 

and probably the best approach consists of the evaluation of the skin permeability under actual working conditions. 

On the other hand, as it will be shown in paragraph 3.1, an experimental layout cannot directly give the permeability 

skin functions in a single run, but they must be determined from a series of their combinations by means of appropriate 

back-calculation and best fit of the experimental results.  

3.1.Experimental lay-out 

A panel with the same construction details of the unit shown in section 2 has been subjected to a sequence of static 

pressure tests according to the list shown in Table 2. Two positions have been adopted for the panel as shown in Fig. 

7: position 1, with the actual inner skin double glazing unit facing the pressure box and the other one (position 2), 

simulating the real working conditions, with the (outer) single laminated glass facing the pressure box. Two different 

manufacturing scenarios, simulating sealing mistakes and multiple opening/closure of the cavity have been also 

considered. Scenario 2 in particular has been obtained by sealing a gap in a screw at the spandrel area, which was on 

the contrary open into the Scenario 1. 

 

Fig. 7 Position 1 and Position 2 of the façade unit with respect to the testing box pressure 
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Table 2: Quasi Static Test Summary (CAL stays for Cavity Air Leakage) 

Test Number Type Flow Scenario and Position 

1 Static Pressure NO Scenario 1 / Position 1 

2 Static Suction NO Scenario 1 / Position 1 

3 Pulse Suction NO Scenario 1 / Position 1 

4 CAL Pressure NO Scenario 1 / Position 1 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20  

21 

22 

23 

24 

25 

Static Pressure 

Static Suction 

Pulse Suction 

Calibration Test 

Water-Tightness 

Calibration Test 

Calibration Test 

CAL Pressure 

Static Pressure 

Static Suction 

Pulse Suction 

Static Pressure 

Static Suction 

Pulse Suction 

Calibration Test 

Calibration Test 

CAL Pressure 

Static Pressure 

Static Suction 

Pulse Suction 

Calibration Test 

YES (100l/h) 

YES (100l/h) 

YES (100l/h) 

- 

- 

- 

- 

NO 

NO 

NO 

NO 

YES (100l/h) 

YES (100l/h) 

YES (100l/h) 

- 

- 

NO 

NO 

NO 

NO 

- 

Scenario 1 / Position 1 

Scenario 1 / Position 1 

Scenario 1 / Position 1 

Scenario 1 / Position 1 

Scenario 1 / Position 1 

Scenario 1 / Position 1 

Scenario 1 / Position 2 

Scenario 1 / Position 2 

Scenario 1 / Position 2 

Scenario 1 / Position 2 

Scenario 1 / Position 2 

Scenario 1 / Position 2 

Scenario 1 / Position 2 

Scenario 1 / Position 2 

Scenario 1 / Position 2 

Scenario 2 / Position 2 

Scenario 2 / Position 2 

Scenario 2 / Position 2 

Scenario 2 / Position 2 

Scenario 2 / Position 2 

Scenario 2 / Position 2 

 
 

Fig. 8 Skin permeability components  
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As shown in Fig. 8, the different static tests (pressure, suction and cavity ar leakage) supply relations between the 

different components of the skin permeability, but in general it is not possible to derive the permeability in pre-

determined pressures as solution of a system of linear equations: as it will be shown in paragraph 3.3, a best fit 

approach based on least square method for instance can be used to assess coefficients of polynomial functions to fit 

the experimental relations.  

3.2.Results 

Out of the obtained results, in this section the most relevant conclusions in terms of impact of the permeability on the 

pressures at the equilibrium will be shown. It must be noted like test 20 and following have been performed on a 

façade system that should be different from the previous one tested, being subjected to several modifications with 

potential impact on the air tightness. Indeed, after test 19, the external laminated glass has been removed and 

thermocouples have been installed on the panel in order to prepare it for the subsequent experiment into the climatic 

testbox (scenario 2). In addition, a screw that was left unsealed into the scenario 1 has been sealed, in order to simulate 

different manufacturing result. 

Fig. 9 shows the comparison of the pressure at the equilibrium during test 12 and 21. Considering the system of two 

equations for the equilibrium of the double skin cavity and the DGU cavity and being null all the mutual permeability 

terms (fully closed DGU cavity), we can write for the double skin cavity with index 1 (index 2 is assigned to the 

double glazing unit cavity): 

𝑄1 + 𝐴1𝑅𝑆−𝑒𝑞√
2(𝑃𝑐1)

𝜌
+ 𝐴1𝐴𝐵−𝑒𝑞√

2(𝑃𝑐1)

𝜌
= 0 (3) 

Where the “eq” subscript means that the coefficient takes already in account also the related discharge coefficient. 

From (3) it is easy to derive that: 

𝐴1𝑇𝑂𝑇−𝑒𝑞 = 𝐴1𝑅𝑆−𝑒𝑞
− + 𝐴1𝐴𝐵−𝑒𝑞

+ =
𝑄1

√
2(𝑃𝑐1)

𝜌

 (4) 

 

Fig. 9 Pressure build up and equivalent cavity permeability under different flow rates 

It can be seen that the air tightness is increased after the thermocouples installation, regardless of the new holes 

provided for the wires. On the contrary, it has been for sure important to seal the screw hole, as the permeability 

appears to be reduced by a 10-15% in the whole pressure range investigated. However, it must be reminded that the 

total permeability deducted by this test is the sum of the outer skin permeability in outward direction and inner skin 

in inward. Not necessarily the same directions will be reflected by the pressure or suction test, which on the contrary 
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involves the combination of the permeability in the same direction, but not for the same pressure difference. 

Considering these statements and making use of Latta equation, the eq.(5) can be written.  

𝑃𝐶

𝑃𝐸𝑥𝑡
=

1

(1+(
𝐴𝐴𝐵(𝑃𝐶)

𝐴𝑅𝑆(𝑃𝐸𝑥𝑡−𝑃𝐶)
)
2

)

 (5) 

 

Fig. 10 Pressure in the cavity under different conditions of applied external pressure. The results are taken from Tests 1 (Static Pressure) and 2 

(Static Suction) for Scenario 1 and Tests 22 (Static Pressure) and 23 (Static Suction) for Scenario 2 

From the observation of Fig.10, on the contrary, we can assess the changes of the cavity pressure against pressure and 

suction wind load application. The results refer to the tests 1,2, 22 and 23 of Table 2. As the response of the cavity 

versus the induced dry air flow involves the total leakage (eq. (4)), the pressure and suction test gives information 

about the repartition of the leakage according to eq. (5). It appears that after the thermocouple installation the cavity 

is in general more pressure-equalized toward the external, then ARS appears larger than AAB. In case of the behavior 

against positive pressure, it could be concluded that because of the sealed hole at the inside skin, the AAB contribution 

is reduced, resulting in a larger ratio Pc/PExt. On the contrary that effect is not relevant under suction (the screw head 

under suction was anyway closing the gap), indeed it is not visible a difference under suction behavior at the small 

negative pressure levels. However, above the 100Pa the ratio Pc/PExt after the thermocouple installation increases and 

remains stable, while in the range 100/800Pa, prior to the thermocouple installation the suction in the cavity at the 

equilibrium was significantly smaller. For sure this is due to another effect, probably related to a better tightness of 

the air barrier (inner skin) under suction: this evidence highlights that significant difference in the pressure ratio and 

then in the air leakage ratio can appear at the large pressures. However, it must also be highlighted that in order to 

achieve the stability of the pressure, a single pressure step has required around 30minutes of differential pressure 

application due to the low air permeability: is this time duration relevant under wind load design? 

3.3.Permeability function estimation 

As discussed, the knowledge of the permeability versus net pressure for the single skins (in inward and outward 

directions) are required in order to simulate the cavity pressure at the equilibrium under different loading actions. 

However, the experimental test sequence investigated in this paragraph and shown in table 2 does not directly give 

the functions, but only combinations of their values at different pressure values. 

In order to estimate the A+
AB(P), A-

AB(P), A+
RS(P), A-

RS(P) in an accurate way, the following approach is proposed. At 

least the following tests should be performed in order to run an assessment procedure: 
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- A cavity air leakage test under cavity positive pressure by an air dry flow, without applied external pressure. 

- A pressure static test at different steps of pressure applied on the external skin of the facade 

- A suction static test at different steps of pressure applied on the external skin of the facade 

- A cavity air leakage test under suction or in alternative a pressure/suction test with the application of a 

constant flow 

Due to technical limitations, it has not been possible to perform the cavity air leakage test under suction, for this reason 

the best fit makes use of a sequence of tests under dry air flow application in conjunction with those ones without 

flow. 

1) Analytical model selection for the positive and negative pressure permeability functions AAB
+ and AAB

-, for 

instance, polynomial of second order. Higher polynomial orders can be used, with a higher impact on the 

calculation effort. 

2) Hypothesis of relatively constant leakage for a small pressure range (likewise linear behavior) [0,PLin]. For 

typical applications this value can be chosen as 50Pa. This value can be considered in first approximation 

independent on net pressure direction. 

3) Eq. (5) and Eq. (4) are used in order to derive the working points for the ARS
+ and ARS

-. A substitution in Eq. 

(5) is done making use of the results of the test with dry air flow 

4) Best fit by means of least square approximation is conducted in order to derive the polynomial form of ARS
+ 

and ARS
- 

5) The combination of the polynomial AAB
+, AAB

-, ARS
+ and ARS

- of minimal difference with the experimental 

cavity pressures under the static pressure and suction test with flow is calculated, looking for the optimal 

polynomial coefficient series by the least square approximation method. 

 

Fig. 11 Best fit for the permeability functions using test data 12, 13 and 14 according to the described optimization procedure 

In Fig.11 the result of the procedure applied by the test data test 12, test 13 and test 14 of Table 2 is shown in terms 

of permeability functions of the skins against the net pressure, both in inward and outward directions. It can be seen 

that the rainscreen tightness (outer skin) is quite constant for positive (inward) net pressures, while it increases 
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significantly for negative (outward) net suction. On the contrary the airbarrier (inner skin) permeability increases 

under net positive pressures and it remains quite constant under net suction. Another interesting observation is that 

the airbarrier shows a quite stable slope crossing the zero pressure, while the slope of the rainscreen permeability has 

an abrupt change, which is probably the effect of a concentrated leakage that impact the tightness only in outward 

direction. On the contrary, constant slopes across the zero, but with a continuous increasing rate of permeability versus 

pressure reflects the behavior of the glazing support versus the pressure application. In this sense, the strategy adopted 

whether dry glazed or structurally silicone and the geometry of the support solution will have the major impact in the 

nonlinear trend of the permeability functions. Experimental testing, coupled with an optimization approach to back 

calculate polynomial functions, or numerical assessment by fluid structure interaction analysis seem the only viable 

methods to retrieve the permeability functions and to apply a complete assessment for the estimation of the cavity 

pressure under wind and temperature loading.  

As it has been shown in chapter 2, any possible manufacturing mistake can significantly change the load sharing 

between the outer and inner skin, reason why a dedicated quality control should be conducted in order to support a 

calculation strategy based on the methodology shown in this chapter. Indeed, the practical application of the 

methodology should rely on the acquisition of results on static and cavity air leakage testing on one or few samples, 

assuming a scatter of the permeability of external and internal skin that should not exceed reasonable values among 

the different manufactured façade units.  

 

4.Conclusions and future work 

This paper is the second work of the authors within a full scope of three documents, aiming to highlight the need for 

an accurate assessment tool for the double skin structural behavior calculation, with particular attention to the novel 

CCF façade typology. By means of the first paper, a discussion about the theoretical findings and a proposed algorithm 

for the load sharing-pressure equalization has been held. In this specific paper, the objective has been the 

characterization of the permeability behavior of a CCF, describing in detail the level of the scatter of its openings due 

to the manufacturing and calibration process and the particular nonlinear behavior against the net pressure. An 

analytical empirical approach based on experimental measurements has been presented for the evaluation of the skin 

permeability functions to give as input to the assessment tool. In the third and final paper, the authors will show how 

the assessment tool gives estimations in line with the outdoor displacement and pressure measurements on a specimen 

subjected to the climatic and wind loading variations. Finally, a comparison between simulations carried out by the 

assessment tool and through standard calculation approaches will be conducted, showing the evidence that an 

opportunity for an improvement of structural calculation methods for double skin exist, towards the target of a more 

sustainable façade design.  
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