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Scientific approach (priniciple sketches) 
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Typical applications: 
 
• Flat roof / roof terrace 
• Pitched roof 
• Exterior insulation system 
• Interior insulation 
• Ventialted facades 
 

H 
[%] 

T, φ  

Calculation of hygro-thermal loads (WUFI): 
Frequency of VIP adjacent climates by 
hours  
 

Artificial Ageing dp = f(T, φ) 

λ(t)  

Calculation of λ = f(t) 

λ0  

I 
V 

II 

III, IV 

50 a 0 

http://www.fiw-muenchen.de/


 Determination of total internal pressure (ptot) @20°C and 40°C 
 Calculation of partial pressure of dry air (pdry) and water vapor  

(pH2O) 

 Determination of thermal conductivity (GHP, λ10°C) 

Laboratory investigations (artificial ageing) 
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T 11 % r. h. 50 % r. h. 96 % r. h. 

23°C pi, λ = f(T, φ, t) pi, λ = f(T, φ, t) pi, λ = f(T, φ, t) 

45°C pi, λ = f(T, φ, t) pi, λ = f(T, φ, t) pi, λ = f(T, φ, t) 

70°C pi, λ = f(T, φ, t) pi, λ = f(T, φ, t) pi, λ = f(T, φ, t) 
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Artificial Ageing – results  
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Artificial Ageing – results  
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Artificial Ageing – results  
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Increase of internal pressure (regression for   
t = 0 – 9 months) as a function of temperature 
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Arrhenius behaviour 
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 Plane approximation: 
 
z = a ∙ x + b ∙ y + c 
 
z = ln(p) [mbar] 
x = 1/T [1/K] 
y = φ [%] 

 Results: 

ln(p) = f(T,φ)  
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ptot pdry pH2O 
a -4885.39 -4612.24 -5407.13 
b 0.01 0.01 0.02 
c 16.57 15.42 16.87 

R2 0.98 0.93 0.98 
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Increase of internal pressure over 50 years 
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Calculation of increase of thermal 
conductivity 
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 λ = λG  + λF + λS + λK 

 ∆λG = ∆λdry + ∆λH2O 

λ𝐺 =  
λ𝐺,𝑓𝑓𝑓𝑓

1 +  
𝑝1/2
𝑝𝐺,𝑝𝑝𝑓𝑝

 

 ∆λF : based on sorption behavior of the core 

 λ𝐹 =  ∆λ
∆u  ∙ ∆u 

  λ𝐹  was fitted according to measured values at FIW during ageing 
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Validation and determination of λ𝐹  
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∆λ(t) 
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Flatroof / roof terrace 
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Flat roof / roof terrace 
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Pitched roof 
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Pitched roof 
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Exterior insulation system 
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Exterior insulation system 
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Interior insulation system 
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Interior insulation system 
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Ventilated facade system 
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Ventilated facade system 
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Influence of panel thickness (20 – 40 mm) 
e. g. exterior insulation system 

04.12.2016 Forschungsinstitut für Wärmeschutz e.V. München | Lochhamer Schlag 4 | 82166 Gräfelfing   

http://www.fiw-muenchen.de/


Influence of panel thickness (20 – 40 mm) 
e. g. exterior insulation system 
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Adequate reference conditions? 
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 According to draft standard ageing with 50°C/70 % r. h.  

 Determination of pressure increase / thermal conductivity 

 Conversion of these values to 23°C / 50 % r. h. 

 Calculation of mean thermal conductivity over the first 25 years 

 Are these reference conditions (23/50) adequate? 
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Increase of internal pressure as a function of 
temperature and r.h. 
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Adequate reference conditions? 
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 Isolines with pincrease,tot = pincrease,tot (23/50) and pincrease,tot (23/80)  

 Compare with effective temperature and r.h. of modelled 
applications 

 23/50 seems to be 
adequate 

 23/80 is on the safe 
side 
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Constant 23/50 storage vs. detailled ageing 
model 
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Adequate reference conditions? 
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 23°C / 50 % r.h. as reference condition looks good for the 
pressure increase 

 However, it underestimates the increase of thermal conductivity 

 Reason: ∆λF becomes higher with higher moisture content of the 
core (that is dependent on adjacent r.h.) 

 Calculation of increase of thermal conductivity for constant 
conditions with 23°C / 80 % r.h. show… 
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Constant 23/80 storage vs. detailled ageing 
model 
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Conclusions 
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 Application, location of the building, orientation and interior climate 
are of influence on the specific ageing behavior 

 The chosen model gives realistic results – estimation of the increase 
of thermal conductivity of VIP is possible  

 Mean thermal conductivity for the first 25 years is in the range of 
actual declared values 

 With ongoing time (> 25 Jahre) the annual rates of increase of 
thermal conductivity become lower (saturation function) 

 Thicker panels show an improved ageing behavior with lower 
increases of thermal conductivity (larger volume inside the foil) 
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Conclusions 
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 With respect to pressure increase only, the calculation of λmean,25a 
based on constant storage at 23/50 seems to reflect the behavior 
in real life conditions adequately 

 However, moisture increase of the core is higher in real life 
applications – therefore 23/80 as reference conditions seems 
more appropriate 

 Occurs on the dependency of λ as a function of moisture content, 
herein determined with 2.77 mw/%MC (seems to be relatively 
high) 

 This value has to be double checked to valid the findings 
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