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Introduction

With the Passivhaus standard now being routinely applied in the UK to larger and more complex buildings, we are 
starting to see the emergence of more steel frame elements, or entire steel frames, being designed for Passivhaus 
buildings. The design of a steel frame for Passivhaus brings unique challenges, which design teams may not have 
encountered when aiming for less ambitious fabric performance standards.

The Passivhaus Trust has released this technical briefing note to guide the modelling assumptions required for 
steel frame projects, which is considered of immediate concern for teams involved in developing UK steel frame 
projects. The Trust is now working on a more detailed technical position paper on steel in Passivhaus construction 
for publication later in 2022. These two documents are summarised below:

Modelling assumptions for steel projects: technical briefing note 
Published Feb 2022

This note focuses on practical guidance on the modelling assumptions required for steel projects to address 
immediate concerns within the industry.

Steel in Passivhaus construction: technical position paper 
Due for publication in 2022

This detailed paper will:

• Provide advice on the decision-making process leading to using steel frame construction
• Discuss the appropriateness of selecting steel including impact on embodied carbon
• Set out the additional scope of services specific to steel frame projects
• Explore steel frame options 
• Cover the complexities of heat loss and condensation risk in steel frame
• Include case study best practice projects.

This initial briefing note describes how to approach the calculation of U-values in plane elements where the PHPP 
U-value tool isn’t sufficiently accurate. 

Steel is highly conductive, therefore generally it is recommended to achieve the primary insulation outside of the 
steel frame. The use of a highly conductive material such as steel in the insulation zone and at all junctions and 
apertures increases the importance of accurate and early-stage calculation of U-values and thermal bridges.

Generally speaking, U-values of less than 0.15W/m2.K are likely to be challenging, therefore the scale and form 
factor of any building proposing a steel frame solution is a critical constraint. In summary, the less efficient the 
form factor, the more insulation you require to optimise the energy balance. However, further limiting factors such 
as the weight of external cladding and the space allowance for the Steel Framing System (SFS) zone may make 
this difficult.

Be sceptical throughout the initial design stages until full calculations are complete, but beware of being 
overly conservative at every stage and over-engineering every element as a consequence — it may introduce 
unnecessary costs and complexity. Where recommendations are made below, do check the sensitivity of the results 
to these values. There are many areas where design tolerance errors can accumulate, resulting in a 10-15% error in 
the final U-value.

The design and certification of steel frame buildings can introduce additional complexity in calculating U-values, 
thermal bridging and condensation risk. This additional complexity needs to be allowed for when preparing project 
fee proposals, as this increases the scope for the design team. 

It is strongly advised to obtain input from a Passivhaus Certifier early in the design to validate early assumptions 
and support the development of the scheme.
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Terminology

The use of consistent terminology to describe materials and components is crucial to avoid misunderstanding. 
The key terminology for this guidance is summarised below: 

A Primary Steel Structure comprises large format hot rolled steel components, including but not limited to 
universal columns, universal beams, rectangular hollow sections, parallel channels and unequal angles. These are 
combined to create a structural frame to support the internal floors, façade and roof elements and transfer loads 
to the foundations. The position of the primary steel frame relative to the thermal line can vary from building to 
building.  As a general rule, the Primary Steel Structure would not be included in the U-value calculation of the 
plane element but would be assessed (if necessary) in additional 2D / 3D thermal bridging calculations. 

A primary steel structure is often combined with a Steel Framing System (SFS), as illustrated in Figure 1, to form 
the floors, external and internal walls within the primary structure, in which case it is described as an infill 
arrangement. An SFS system comprises smaller gauge cold rolled steel sections, typically in the range of 1.2-3 
mm thick, assembled on or off site to create the opaque fabric elements of the building. These will be lined with a 
sheathing board to provide additional racking strength. The SFS elements may or may not sit within the insulation 
zone. 

Figure 1  
Primary Steel Structure combined with 

Steel Framing System

Figure 2  
Light gauge Steel Framing System
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The versatility of SFS means that it can also be 
assembled as an oversail arrangement (see right), 
where the SFS zone is outboard of the Primary Steel 
Structure and is continuous or uninterrupted by the 
structural frame. 

SFS can also be designed without a Primary Steel 
Structure, such that the structural loading capacity is 
provided within the SFS itself. This will typically rely on 
a thicker SFS gauge than the infill option. 

Finally, it is worth noting that SFS systems may comprise 
a range of different stud / beam sizes, even within the 
same wall depth. Whilst all the beam depths will be 
the same, the widths and gauges may vary to meet the 
structural requirements, especially at glazing apertures. 

Calculating U-values

Achieving the correct U-value assumptions during the design stage is a critical initial consideration for the 
Passivhaus designer. The native U-value tool in the Passivhaus Planning Package (PHPP) is not suitable for the 
calculation of U-values for metal frame walls if any insulation is included in the SFS zone due to the thermal 
bridging impacts of the metal studs. As advised above it is generally not recommended to insulate in this area 
where possible, but space constraints or a client’s desire to avoid a hollow sound behind the plasterboard may 
make this unavoidable. 

Below, we use the example of an SFS wall with rainscreen ‘helping hand’ brackets to illustrate a method to 
calculate an accurate U-value for the assembly. The general methodology can also be applied wherever the PHPP 
U-value calculator is not suitable for the task, i.e. where repeating thermal bridges are present in the insulation 
zones and/or accurate point thermal bridge values are required for bracketry.

The method described below has the advantage of decoupling the 3D calculation of the point thermal bridge 
(helping hand bracket, balcony restraint etc.) from the 2D calculation of the base wall U-value. This simplifies the 
modelling and therefore reduces the time burden at early design stages. 

The final U-value will be comprised of a number of elements: the base wall U-value (see below), an adjustment 
factor for façade restraints and fixings, such as rainscreen helping hand brackets or masonry wall ties, and an 
adjustment for insulation restraint fixings. Plastic insulation fixings can most likely be ignored. Often, however, at 
least one metal insulation restraint fixing is required for each insulation board.

For detailed design and certification, the final U-value should be assessed with numerical modelling to BS EN ISO 
10211 - Thermal bridges in building construction - heat flows and surface temperatures - detailed calculations.  
This can be achieved in Therm or other proprietary heat flow / thermal bridging software packages but may 
require a combination of 2D and 3D calculations. However, for early-stage design decisions, a base calculation 
to BS EN ISO 6946 and BRE Digest 465 will provide reasonable results and can be carried out in U-value 
calculation software such as BuildDesk or BRE U-value calculator. Then the outputted U-value should be 
increased by +4-5% to improve the accuracy in line with numerical calculation to BS EN ISO 10211. (The original 
BR 465 equation is derived from U-values ranging from 0.45-0.20 W/m².K and errors creep in at U-values outside 
this range). A calculated base U-value of 0.100 W/m².K should therefore be adjusted to 0.105 W/m².K. 

Irrespective of which calculation approach is adopted, there are several stages necessary to build an accurate 
U-value. These are summarised in the flowchart on the following page and specified below.

Figure 3   
Oversail arrangement
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Define SFS dimensions 
and horizontal centres

Calculate base U-value with 
either BR Digest 465 or 

calculation to BS EN 10211

Calculate or obtain Chi 
value for all fixings in 

insulation layers

Define frequency of fixings 
in net wall area (exclude 

apertures)

Calculate adjustment 
factor (ΔU) to base U-value 
from the fixings using the 
Chi-value and frequency 

per m² of wall area

Sum the adjustment 
factor(s) and the base 

U-value to determine the 
actual U-value

1

2

3

4

5

6

Figure 4  
Flowchart

One advantage of completing 
the Chi-value and base wall 
U-value separately is that 
sensitivity analysis of the final 
U-value can be performed very 
rapidly in a spreadsheet.

Test sensitivity of 
U-value to both 

the chi-value and 
fixing frequency 

Test sensitivity of 
base U-value

to these variables

Add 4-5% to base U-value if 
calculated using BR Digest 465 
and work to 3 decimal places

Chi-values need to be for 
the exact scenario proposed. 
Calculated Chi-values require 
3D assessment to BS EN 10211

Be sceptical regarding fixing 
frequency until proven 
otherwise at detailed design.

Note that the frequency of 
brackets and/or wall ties and 
SFS centres may vary on 
different façades and different 
heights above ground level.
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1: Define the current SFS size and horizontal centres

The gauge of the steel is likely to range from 1 to 3 mm. At typical thicknesses of 1.2-2 mm, the horizontal centres 
of the studs are likely to have a larger impact on the U-value than the gauge. 2 mm gauge is a reasonable 
assumption to be thick enough to accept window fixings etc. and is therefore a good initial value. Be conservative 
regarding the stud horizontal centres and so until known assume a value such as 350-400 mm. The difference 
between 350 & 550 mm centres could be +/- 0.05 W/m².K, and therefore cannot be ignored. This would have a 
significant impact on the early design stages of the PHPP and can risk later compliance.

2: Calculate the base wall U-value  

This is the uncorrected U-value for the wall with the SFS elements but with no allowance for any insulation fixings, 
rainscreen support brackets or wall ties. Test the sensitivity of the base U-value to the stud gauge, centres and 
proportion of thermal insulation within or external to the SFS (if applicable). 

3: Calculate the point thermal bridge (Chi-value) for each fixing type

The point thermal bridge value is calculated by assessing the heat flow through a 3D model both with and without 
the fixing under investigation. The difference between the two, normalised to 1° K temperature difference, is the 
Chi-value (W/K). This will require 3D finite element calculations. Importantly, the Chi-value for a bracket is specific 
to the insulation type and thickness it penetrates AND the substrate it is fixed to. Therefore, values from similar but 
not identical arrangements should be used with caution. In the graphic example presented below, an identical 
75 mm stainless steel bracket is installed in three different external wall configurations with different base U-values. 
The resulting Chi-value for the same bracket ranges from 0.0066-0.0113 W/K, an increase of over 70%.  With 
potentially hundreds of brackets in an external wall, these seemingly small values quickly add up, affecting the 
U-value significantly, and can place an entire project at risk for compliance if not accounted for properly.

!

!

70mm insulated SFS
layer omitted

Insulation omitted from
150mm SFS layer omitted

Chi-value in Wall Type 1
0.00661 W/K

Chi-value in Wall Type 2
0.00797 W/K

Wall Type 2 Base U-value
0.113 W/m²·K

Wall Type 3 Base U-value
0.142 W/m²·K

Chi-value in Wall Type 3
0.0113 W/K

Wall Type 1 Base U-value
0.101 W/m²·K

i Insulation layers omitted for clarity

Figure 5  
Chi-value variants
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The horizontal position of the bracket relative to the SFS  will also have an impact on the calculated Chi-value 
with the worst case (highest heat loss) occurring when the bracket is horizontally aligned with the SFS  position. 
In the absence of knowing exactly where every bracket will be (and avoiding having to complete multiple 
calculations for each scenario), assume the bracket aligns with the SFS in the Chi-value calculation.

For a rainscreen scenario, if there is a horizontal top hat section in the external insulation zone, include this in 
the ‘with bracket’ calculation model. This way, the Chi-value includes the presence of the rail and it does not 
need to be assessed separately.  If the cladding support rail running between each bracket sits wholly within the 
ventilated cavity and does not interfere with the insulation zone, it can be omitted from the heat flow calculations. 
Furthermore, the ‘cladding’ layer is also outboard of the ventilated cavity and can be omitted from any 3D 
calculations. 

4: Define the correct bracket frequency for all the fixings

Be sceptical regarding the bracket / fixing frequency at early design stages, as many factors can affect the 
detailed design including cladding weight, projection distance from the substrate and wind loadings (which can 
vary on different elevations and at increasing height above ground level). At the very least, take the ‘typical’ fixing 
centres and not maximum from the manufacturer and calculate the total number of fixings for the gross façade 
area and then divide this by the ratio of net wall area. As a guide, an idealised rainscreen façade with no apertures 
could have in the region of 1.5-2 brackets per m², increasing to 2.5-4 brackets per m² (and higher) for façades 
with apertures. 

As an example, imagine a 100 m² elevation with 20% apertures. Typical guidance from cladding contractor 
suggest a bracket density of 1.6/m² at bracket centres of 600(h) x 1050(v). However, in reality, the 160 brackets 
are in 80m² of opaque fabric, meaning the actual bracket density is 1.6/80% = 2/m². The impact on the U-value 
could be significant.

Note that there may be a mixture of small (single) and large (double) height brackets in the final detailed design 
and the ratio of the two will depend on many factors. Make sure to reflect the possibility of different bracket types 
in the same façade treatment. Seek guidance from suppliers on appropriate ratios – e.g. 2 single brackets for 
each double bracket. As a guide, a double-height bracket may not have double the heat loss of its single height 
counterpart. 

5: Calculate the adjustment to the base U-value

Multiply the bracket frequency per m² by the Chi-value for each bracket type. For rainscreen façades, there may 
be more than one bracket type. Add this adjustment factor (ΔU) to the base U-value calculated earlier.

By calculating the Chi-values separately from the base U-values, it is possible to quickly undertake sensitivity 
analysis of the final U-value. The key questions are:

• Once the insulation thicknesses are proposed, which are the most significant variables affecting the 
U-value? Is it the SFS sizing or centres, the rainscreen bracket or wall ties type or frequency? 

• How does increasing the insulation thickness change the results?

6: Sum the adjustment and the base U-value

The final U-value for the whole wall element can now be compiled from all the individual elements in a simple 
spreadsheet as shown overleaf. Quick adjustments to the number of helping hand brackets can also be used to 
test the sensitivity of the wall build up to the final façade design.  
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Area / number 
(qty)

Base U-value
(W/m².K)

Chi-value 
(W/K)

Heat loss 
(A*U)

Final U-value 
(W/m².K)

Net wall area (m²) 100 0.11 11.00

Single HH brackets 125 0.0110 1.38

Double HH brackets 62 0.0193 1.19

Insulation fixings 167 0.0010 0.17

Total heat loss 13.74

Final U-value 0.137

Next steps

Coming later in 2022,  Steel in Passivhaus construction: technical position paper. This new position paper will 
give more context and detail for teams delivering or considering steel frame Passivhaus buildings in the UK.  It will:

• Provide advice on the decision-making process leading to using steel frame construction
• Discuss the appropriateness of selecting steel including impact on embodied carbon
• Set out the additional scope of services specific to steel frame projects
• Explore steel frame options 
• Cover the complexities of heat loss and condensation risk in steel frame
• Include case study best practice projects.

Note: Whilst this document covers specifics for wall build-ups, the methodology set out (and summarised in 
Figure 4 above) is applicable to roof and other plane building elements (soffits, floors etc.) where steel frame or 
SFS is being proposed. 
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