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ABSTRACT 

The incorporation of vacuum glazing (VG) products in different window and façade constructions is becoming 

more viable. The characteristics of the VG products can be summarized as follows: (i) Due to the reduction of 

conductive and convective heat transfer mechanisms, VG products provide high thermal insulation; (ii) VG 

products feature low weight and small thickness in comparison to commonly used double and triple-glazing  

products; (iii) VG is constituted by two parallel glass panes, which are sealed by an airtight edge seal; (iv) The 

interstitial space between the panes is evacuated; (v) To maintain the parallel positioning of the glass panes, 

distance pillars are situated within the interstitial space. These characteristics must be taken into consideration 

when contemplating window and façade construction paradigms that employ VG products. This contribution 

compares commonly used glass façade constructions (generic post-and-beam constructions with – non-

operable – fixed glazing) utilizing insulation glazing with respective façade variations that incorporate VG 

products. Thereby, in a first step, the thermal performance of default façade constructions (equipped with 

double or triple-glazing) was assessed via numeric thermal bridge simulation. Subsequently, we replaced the 

insulation glass with a VG product. Thereby the load-bearing post-and-beam details were kept essentially the 

same. Finally, we slightly modified the façade constructions based on the necessities of VG integration. In this 

contribution we present the construction paradigms for VG-based facades, the adopted methodology, and the 

main results of the investigations. 

INTRODUCTION 

This contribution focuses on contemporary used post-and-beam façade constructions and their thermal 

performance. Such facades are commonly used in many contemporary building designs, and thus are based on 

a set of standard constructions offered by a number of companies. In recent years, the utilization of vacuum 

glazing in contemporary and historic window constructions has been extensively examined [1][2][3][4]. In 

general, vacuum glazing products feature a vacuum-evacuated interstitial space between two glass panes, a 

vacuum-tight edge seal, and distance pillars. This setup allows for a very good performance due to the 

minimization of convective and conductive heat transfer processes. However, the vacuum glass panes require 

a specific consideration of their structure in frame constructions. Toward this end, this contribution compares 

the performance of vacuum glass panes with conventional double-glazing products in post-and-beam facades. 

Specifically, these post-and-beam constructions have not been constructed for the specific use of vacuum glass. 

Rather, we want to explore, if and to which extent typical construction technologies for facades can be utilized 

for the usage with vacuum glass. Previous efforts toward vacuum-glass enabled glass facades can be found in 

China (advertisement of the former vacuum glass producer SYNERGY), however, these facades have not been 

subjected to European Winter conditions, and as such have not been utilized as highly-insulating facades. 
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METHODOLOGY 

Examined façade types. Two generic, typical post-and-beam façade constructions have been selected for 

assessment. One of these constructions is based on timber profiles, while the other features steel-posts and 

beams. Figures 1 and 2 illustrate these two constructions in principle (equipped with double glazing; Colours 

correspond to materials denoted in Table 2).  

  
Figure 1. generic timber based post-and-beam 

façade. 

Figure 2. generic steel-profile based post-and-beam 

façade. 

Scenarios. For each of the two façade typologies (timber construction, steel construction), six different 

configurations have been evaluated, which vary the implementation of the vacuum glazing. Table 1 illustrates 

these scenarios. 

Table 1. Scenarios. 

Scenario Description Illustration 

ISO 
Façade construction equipped with regular insulation glass (two glass panes, 

Argon-filled interstitial gap; 4-12-4)  

ISO + 

VG_a 

Based on ISO (same profile), but exchange of exterior glass against insulation 

glass (vacuum glass pane, argon-filled interstitial gap, 8.15 – 7.85 -4) 
 

VG_a 
Similar to ISO+VGa, but reduced to the vacuum glass pane (no additional 

insulation glass layer) ; Seal-prolongation on the inside  

ISO + 

VG_i 

Based on ISO (same profile), but exchange of interior glass against insulation 

glass (vacuum glass pane, argon-filled interstitial gap, 4-7.85-8.15) 
 

VG_i 
Similar to ISO+VGi, but reduced to the vacuum glass pane (no additional 

insulation glass layer); Seal-prolongation on the outside 
 

VG Reduced profile; profile was adapted to the vacuum glass thickness (8.15 mm) 
 

 

Utilized simulation tools and settings. The numeric thermal bridge simulation tool AnTherm [6] has been 

used for assessment of the different façade types and scenarios. Each of the scenarios of both construction has 

been assessed based on three different simulation assumptions: (i) 2D: 2D-section (post/glass connection), (ii) 

3DL: 3D undistorted (30.8 cm long part of the façade post/glass connection), and (iii) 3DL-S: 3D “distorted” 

by a mounting screw (30.8 cm long part of the façade post/glass connection encompassing a M8 mounting 

screw). The latter assumption is based on the typical construction that holds the glass in space via the screw. 
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The simulations have been carried out assuming -10°C outside temperature and 20°C indoor temperature as 

boundary conditions. Surface resistance coefficients have been assumed to be 0.25 m².K.W-1 (Rsi) and 0.04 

m².K.W-1 (Rse). Table 2 illustrates the assumed thermal conductivity values (Lambda) of materials used in the 

simulation models. 

Table 2. Materials and thermal conductivity values (λ-value). 

Color Materials Thermal conductivity (W.m-1.K-1) 
 Insulation glass interstitial space (replacement λ-value) 0.032 

 EPDM – (Ethylenpropylendien) distance holder 0.25 

 Glass 1 

 Timber 0.13 

 Steel 50 

 
Encapsuled air (frame/post/beams) 

0.1265  

(based on EN ISO 10077) 

 Polypropylene 0.22 

 Silicone 0.35 

 Vacuum (replacement λ-value) 0.00000975 

 

Key Performance Indicators. Results from the simulation encompass the temperature factor fRsi-value, the 

minimum surface temperature in degree Celsius (Tmin,i), and the two-dimensional / three-dimensional thermal 

coupling coefficients, denoting the heat flow through the simulated construction joint. 

RESULTS AND DISCUSSION 

The results of the simulations regarding Key Performance Indicators are provided in Figure 2 - 5. The 

following aspects can be observed: 

 Most of the simulations show fRsi values that are well below the recommended threshold values of 0.69 
(condensate criteria) and 0.71 (mold growth criteria) as suggested in [7]. However, it has to be stated that 

a critical Rsi –value for the inside surface has been assumed, which might cause these low values. Needless 

to say, the real performance of the coldest points is strongly influenced by convective and radiative process, 

which are not easy to capture in thermal bridge simulation. 

 In part, the implementation of vacuum glass allows approaching the mentioned threshold values. However, 

the post-and-beam constructions have not been optimized for the specifics of the vacuum glazing, and as 

such might be influenced by the glass edge seal, which is a weak spot in the vacuum glass. 

 The thermal bridge assessment characteristics of timber constructions show lower minimum indoor surface 

temperatures and thus lower fRsi-values than the steel constructions. This might be due to the higher 

conductivity of the steel beams, which transport heat from the inside boundary conditions to these coldest 

surface spots.  

 The impact of the point thermal bridge caused by the screw can only to be significantly observed at the 

steel construction. In other words, the timber construction widely mitigates the effects of these point thermal 

bridge. 

 Concerning the fRsi-value, there can be a performance improvement observed, caused by the replacement 

of the double glazing by a vacuum glass pane in the timber construction. This improvement cannot be 

observed in the steel construction comparison. 

 The insolation glass constructions that have been modified with a vacuum glass pane as replacement of one 

of the two layers of float glass in the insulation glazing show by far the best performance concerning the 
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KPIs. While that is obvious in a section through the glass, it is interesting that this also can be observed 

regarding the coldest spots of the glass/beam connection. It seems that the implementation of the vacuum 

glass into the insulation glass offers a mitigation possibility for the weak spots of both glazing typologies. 

 Regarding the positioning of the vacuum glazing system in scenarios VG_a and VG_i, it can be said that 
the positioning does not affect the coldest point temperatures of the timber construction. In the steel 

construction typology the position of the vacuum glass closer to inside (VG_i) shows a significantly better 

performance than the positioning further outside (VG_a). This might be caused by the better insulation 

effect of the silicone pillow that covers the glass edge seal. 

 
Figure 2. fRsi-values of all assessed scenarios. 

 
Figure 3. Minimum interior surface temperature values of all assessed scenarios. 

 
Figure 4. 2D/3D thermal coupling coefficients of all assessed scenarios. 
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The different implementations of the vacuum glazing have different impact onto the thermal bridge severeness 

and general surface temperatures. Figure 5 compares the 2D scenarios of both the timber and the steel 

construction, once equipped with double glazing, once equipped with vacuum glass (scenario VG – reduced 

dimensions). Interestingly, the timber construction temperature profiles are widely parallel in both the double-

glazed and the vacuum-glazed variant (at the post surface), while the steel construction shows in general higher 

surface temperatures in the area of the post in comparison to the vacuum glass variant. This clearly indicates 

that the implementation of vacuum glass has to be done synchronous to the adaptation of the framing / post-

beam system. 

 
Figure 5. Internal surface temperature profiles for selected 2D scenarios. 

 

Figures 6 and 7 show the temperature distribution in the timber and steel constructions equipped with double-

glazing and with vacuum glazing. It can clearly be seen that the timber constructions show higher temperatures 

in the post construction. Moreover, the temperatures inside the corresponding glass constructions show typical 

temperature profiles known of insulation glass and vacuum glass.  

 

  

Timber/ISO/2D 

fRsi [-]    0,54 

Tmin,i [°C] 6,08 

 

Timber/VG/2D 

fRsi [-]     0,59 

Tmin,i [°c]7,78 

Figure 6. Temperature distribution in timber constructions (left: ISO 2D; right VG 2D). 

 

  

Steel/ISO/2D 

fRsi [-]  0,62 

Tmin,i [°C] 8,69 

 

Timber/VG/2D 

fRsi [-]  0,62 

Tmin,i [°C] 8,72 

Figure 7. Temperature distribution in steel constructions (left: ISO 2D; right VG 2D). 
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CONCLUSIONS & FUTURE RESEARCH 

This contribution shed light on the performance of typical post & beam facades equipped with insulation glass 

and different vacuum glass implementations. Thereby, we assessed the scale of building construction joints 

via numeric thermal bridge simulation. As the assessed, generic constructions were not optimized for the 

specifications of vacuum glazing, but rather just equipped with vacuum glazing, typical cold surface points of 

such constructions could still be observed, although the thermally superior vacuum glass was utilized. Thus, 

future research and development efforts should focus on the adaptation of the post & beam façade constructions 

toward improved consideration of the vacuum glass specifications. 

We did not provide any U-value calculations, due to two reasons: (i) On the one hand, this contribution focused 

on the thermal bridge assessment of potentially problematic construction joints, which would not be visible in 

the U-values of the façade elements. (ii) On the other hand, previous experiences [8] illustrated that the existing 

standards for both window and door as well as façade element assessment regarding thermal performance of 

such construction still did not encompass the specifics of vacuum glazing. Any U-value calculation therefore 

would be a rough estimation rather than a meaningful performance indicator of the façade panels. Needless to 

say, this shortcoming in the standards is an aspect that should be changed as soon as vacuum glazing products 

are more commonly used in window and façade constructions. 

However, it is obvious that the implementation of the highly-insulating vacuum glass panels instead of double 

(and presumably triple glazing) comes with a set of advantages: (i) The surface temperatures on the glass 

surfaces is in general higher than it would be in case of double-glazing. Moreover, the surface temperatures 

would be comparable to those of triple-glazing products. (ii) The required dimensions of the vacuum glass 

result in very slim constructions in comparison to triple-glazed facades. Moreover, such products are even 

slimmer than double-glazing products that rely on a gas-insulation layer (e.g. Argon). As such, the post-and-

beam constructions could be dimensioned for less weighty glass constructions.(iii) The handling of vacuum 

glass panes could result in advantages during the building delivery process, as the glass panes are easier to be 

handled than heavy-weight triple glazing. In contrast, it needs to be said that a transformation of existing post 

& beam constructions to utilization of vacuum glazing shall consider their weak spots (glass edge seal) and 

other characteristics (e.g. that most vacuum glass products just consist of float glass and not any security glass). 
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