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What is the “correct” U-Value? 

Evaluation and limits of the measurement and  

calculation results  

1 Introduction 

The elements  of the envelope of a building, such 
as the masonry, the  facade or even  the window  
are being continuously  improved with respect to 
their  thermal performance. If the thermal  behav -  
iour is to be assessed,  then there are various  
methods available for obtaining the  thermal 
transmittance U for  each construction product. 
However, not every verification method leads to 
the same results  for  the  same products. With this, 
the question of a correct U value is answered in 
a simple manner. The U value cannot  be “cor- 
rect”. 

glazing U g can be read off directly  from the table 
C2 of DIN EN 10077-1 simply  on the  basis of the 
glass construction, the surface coating and the 
glass pane.  In the case of other construction 
systems, the calculation  procedure based on 
DIN 673 or even a measurement  based  on 
DIN 674 must be used. 

For the verification of the thermal transmittance 
Uf of the frame, there are tables or diagrams of 
EN ISO 10077-1 available for  various materials. 
However, these have been only been made on a 
very global basis and do not cover all possible 
constructions. 

The verification  for the linear thermal transmit-  
tance ?  can simply be done using the tables  E.1 
based on EN ISO 10077-1. For typical spacers 
made of aluminium and steel  or for spacers made 
of materials  having a better thermal  performance, 
there are tabular values  available depending on 
the construction of the glazing. To be able to 
judge  the  thermal performance better, it is  rec- 
ommended to perform a calculation based  on 
EN ISO 10077-2. 

2 Methods for determining the 
  thermal transmittance U 

In order  to somewhat narrow  the scope of the 
spectrum of construction products, the following 
sections  deal only  with the product window. 

For the verification of UW of a complete window, 
the manufacturer  has various  methods  available 
based on the European standards. 

• Table F1 to F4 of EN ISO 10077-1 
• Calculation according  to EN ISO 10077-1 
• Measurement according  to EN 12567-2 

For the procedure using tables as w ell as with the 
calculation procedure,  the  input parameters Ug, 
Uf and ?  must be known. Even here, there are 
different methods  to determine the input parame- 
ters. As a rule, the thermal transmittance of the 

3 Comparison of the assessment 
  methods of Uf  for various frame 
  materials 

As mentioned at the beginning, the assessed of 
the thermal transmittance U f can be done using 
tables, calculations  or  measurements. However, 
these assessmnet methods  differ substantially 
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value Uf = 1,4 W/(m2K) for the side cross-section 
or U f = 1,8 W/(m2K) for the lower  cross-section. A  
measurement based on EN 12412-2 can lead  to 
a value, better by about  0.2 W/(m2K), as  com-  
pared to the calculated value.  

Fig. 2 illustrates  the diagram D2 of EN ISO  
10077-1. In the diagram other  calculation results  
based on EN ISO 10077-2 for  an IV 68 (side and 
lower  cross-section) have been shown. 

3.2 Plastic Frame Profiles 

Using the table procedure based on EN ISO 
10077-1, the  cross-sections  of plastic  frames can 
be assessed  depending on the number  of cham-  
bers. In this connection, globally the values  con-  
sidered are U f = 2.2 W/(m²K) for a profile with  
two hollow  chambers or Uf = 2.0 W/(m²K) for a 
profile with three hollow  chambers. Other pa-  
rameters affecting the thermal  properties  such as  
the depth, type of reinforcement and sealing sys-  
tem are not taken into consideration.  These pa- 
rameters, crucial for plastic frame  profiles, can be 
taken into consideration using only  the calcula- 
tion  or  the  measurement procedure.  

Fig. 3 displays the table value of U f = 
2.0 W/(m²K)  and other calculation or measure-  
ment results  for  the 3 chamber  profile with a 
block sealing  system. Thereby, there is an aver-  
age improvement of about 0.2 W/(m²K)  respec- 
tively for the above-mentioned system between 
the tabular procedure, calculation procedure as 
well as calculation procedure and measurement  
procedure. 

3.3 Metal Frame Profile  

For the assessment of the metal frame profile the 
calculation or the measurement procedure should 
be used. Only w hen no values  are available us- 
ing these procedures  can the assessment  of 
metal  profiles  be done using the tabular  proce-  
dure from diagram D4 based on EN ISO 10077-  
1. A t first, the thermal trans mittance must be de-  

Figure 1 Test  facility to obtain the thermal  transfer 
coefficient as per EN  12412 at ift Rosenheim 

from each other in details. For  this purpose, the 
following frame materials are considered more 
closely. 

3.1 Wood frame profile 

If, for  example, a frame  profile cross-section IV 68 
based on DIN 68121 needs  to be assessed, then 
this can be done using Fig. D2 of EN ISO 10077- 
1 based on the  defined depth of 68 mm (refer to 
Fig. 2). If the raw  material of the frame is made 
out of softwood (fir), then the global  value  of  
Uf = 1.8 W/(m2K) can  be read off the table. Dif- 
ferences  between the side and lower frame 
cross-sections  are not taken into account. 

If one wishes to perform the asessment, using 
the calculation based on EN ISO 10077-2, on the 
same frame  cross-section, then one gets the 
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termined depending on the distance of the metal- 
lic  layers. Finally, Uf must be determined with the 
help of the developed surfaces. 

The tabular procedure leads to very unreason-  
able values and should be used, as  already men-  
tioned, only  in exceptional cases. Between the 
calculation and measurement procedures, only  
slight differences  of about 0.1 W/(m²K) are ob-  
served.  

4 Limitations of the Tabular, 
  Calculation and Measurement 
  Procedures 

Depending on the assessment method and the 
frame material, one gets different results for  the  
input parameter U f for the same  product.  

The tabular procedure is a simple and cost-  
effective method for  assessing the thermal trans- 
mittance for standard cross-sections. However, 

for  optimisation  purposes, for  example, it is  totally 
unsuitable, since no details regarding the respec - 
tive construction are taken into consideration. 
This is possible only with the calculation or  
measurement procedures. With the calculation 
procedure, the  details  of the profile cross-section 
are taken over  exactly  in the calculation  model. 
In this connection, not only  does the construction 
affect the  result, but even the characteristic data 
of the material used play a decisive role. The ad-  
vantage of the calculation procedure lies clearly  
in the  possibility of quickly changing  input pa-  
rameters. With this, there is a simple way to op-  
timise the product. However, it must always be 
borne in mind that with optimisation tasks, the 
characteristic data of the material must be in line 
with the rules layed down in the standards. 

EN ISO 10077-2 itself as w ell as DIN 4108-4 and 
EN 12524 yield information about the characteris- 
tic data of the materials for  the  calculation-based  
verification. The design values  mentioned there 
for  the thermal  conductivity  have been listed for  
most materials. If, however, other  materials are 

3,0 

Hardwood (density 700 kg/m³) 
     ? = 0,18 W/(mK) 

Softwood (density 500 kg/m³) 
      ? = 0,13 W/(mK) 

2,0 

1,8 

Uf in 
W/(m²K) 

Uf -value of lower connection of an IV 68 (DIN 68121) 
calculated as per EN ISO  10077-2 

1,4 
Uf -valueof side connection of an IV 68 (DIN 68121) 

1,0 
20 30 40 50 

calculated as per EN ISO 10077-2 
 IV 68 

60 70 80 90 100 110 120 130 140 150 160 170 
frame profile thickness df in mm 

Figure 2 
Table D2 of 
EN ISO 10077- 1: 
Comparison of the 
results of different 
frame connections  as 
per  EN ISO 10077- 2  
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used,  then the only w ay is to specially verify the 
thermal conductivity of the  material. Based on the 
measured value obtained for the  thermal conduc- 
tivity, or  also known as declared value, finally the 
calculated value or design value can be deter- 
mined. prEN ISO 10456  as  well  as DIN 52612 
form the basis  for  determining the thermal nomi-  
nal and design values of construction materials 
and products and also the calculation coefficients 
for the temperature and  humidity. 

The procedures are, however, until today not 
workable for  all materials – nor  are they  clearly 
defined. Thus, for  example, in various countries, 
there could  be different demands  on the moisture 
content of the materials, which, ultimately  can 
lead to different design values. Thus, in the con-  
text of the CE marking, theoretically, different de- 
sign values  for  the thermal conductivity of the  
materials, and, thus, different thermal transmi- 
tance for the frame profiles  are possible. The  
most time-consuming procedure, which, how - 
ever, yields  the best results, is the verification 
method using measurements. The limitations  
here are primarily  related to the dimensions of 

the test sample. In case of verification using 
measurements, it must be noted that the test 
sample on w hich measurements are made  must 
match the actual product to be used in the con- 
struction as far  as possible.  Ideally, the test sam-  
ple used should be taken from the running  pro- 
duction line. Thus, owing to the test being carried 
out on a real test sample, the measurement 
yields realistic values, but, however, is not suit- 
able for optimisation tasks owing to the high level 
of effort required for carrying out the measure-  
ment.  

5 Summary and Outlook 

If the methods of assessment for  determining  the  
Uw of a complete window  are known, then the U-  
value can  be obtained  in line with the require-  
ments. The input parameters can then either be 
obtained in a simple and cost-effective manner  
using the tabular procedure or  alternatively, with  
higher  cost and effort using calculations  or meas-  
urements, which, however, gives the  best values. 

calculation as per EN 10077-2 
measurement as per EN 12412-2 

table D1 EN OSO 10077-1 

measurements/calculations  

Figure 3 
Diagram of the thermal 
transmittance of 
plastic  frame profiles 
Comparison of the results  
obtained as per  Table D1 
of EN ISO 10077- 1 and 
calculation  as per  
EN ISO 10077- 2 or  
measurement  as per 
EN 12412- 2 for  triple-  
chamber profiles 
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To ensure that even in future the values of the 
thermal transmittance obtained using the various 
assessment methods are comparable, it is indis- 
pensable to carry out the verification using “hon-  
est” product or  material data.  

In the context of the  CE marking, the thermal 
transmittance Uw is a mandatory characteristic, 
and,  thus, to be specified by the manufacturer.  
The type test of the product,  thus, is done by an 
approved body. Manufacturers can draw  upon 
the verified thermal transmittance for the CE 
marking at their own responsibility. They must 
then ensure the conformance to the declared 
values by means  of an independent production 
control in their  manufactur ing premises. 
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