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Introduction 

 
This Technical Note explains the new energy efficiency provisions that will apply to Class 1 dwellings in 
NCC 2022. It describes the compliance paths available to designers and outlines a range of steel framed 
solutions that may be incorporated in a building design when a Deemed-to-Satisfy (DtS) Elemental 
Solution path is adopted.   
 
Class 2 buildings (apartments) have very similar requirements for roofs but different requirements for walls, 
glazing and floors.  A separate Technical Note will cover Class 2 buildings and the NatHERS pathway for 
Class 1 and Class 2 dwellings. 
 
 

Who should read this 

 
This Technical Note is for any practitioner recommending, specifying, reviewing or certifying thermal 
construction in a Class 1 building using the DtS Elemental compliance path.   
 
 

What you need to know 

 
As with all NCC Performance Requirements, energy efficiency is an important and mandatory matter.  The 
external walls, roofs, ceilings and floors of Class 1 buildings must be constructed to ensure that the energy 
efficiency provisions are complied with via one of the compliance paths in the NCC. 
 
The NCC 2022 Energy Efficiency DtS provisions are fundamentally different to NCC 2019, especially for 

steel framed construction.  Stringency increases to NatHERS 7-star equivalent, Whole-of-Home energy 

use is now regulated and the thermal resistance of the building fabric is calculated differently.  Solutions 

Tables in the Housing Provisions Standard are detailed and require careful interpretation.  Industry training 

and guidance will play an important part in the smooth introduction of the new provisions. 

 

Where steel framed construction is used, this Technical Note provides specific guidance 
to enable energy efficiency compliance of the building fabric to be achieved using 
products and design details aligned with Australian construction practice.  The 
information in this Technical Note should be treated as a guide to possible solutions and 
is not exhaustive.  
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Compliance paths for thermal performance 
 

Performance Solution [NCC Clause H6P1 and H6P2] 
 
For an individual dwelling, designers may develop energy efficiency Performance Solutions using the 
Verification Method or equivalence to a DtS solution.  Information in this Technical Note may be used 
where appropriate in specifying a reference building or other Performance Solution approach. 
 
 

Deemed-to-Satisfy (DtS) Solution [NCC Clause H6D2] 
 
DtS solutions for thermal performance fall into two categories: 

• Option 1 – House Energy Rating Software [H6D2(1)(a)]:  

Use NatHERS Accredited Software to achieve the 7-star rating, in addition to: 
o insulation continuity 
o thermal breaks 
o ceiling insulation adjustment 
o slab edge insulation, and   
o building sealing. 

 
Trade-offs are permitted by increasing or decreasing the thermal performance of each element 
during the assessment process.  This option is commonly referred to as DtS NatHERS and will be 
covered in a separate Technical Note.  In NSW, this option may be used to satisfy the thermal 
performance standards of BASIX. 
 

• Option 2 - Elemental Provisions [NCC Clause H6D2(1)(b)]: 

Using Part 13 of the ABCB Housing Provisions Standard to satisfy all the detailed provisions 
including building fabric, external glazing, shading, building sealing and ceiling fans.  A minimum 
level of insulation is required for each roof, ceiling, wall and floor element, ie no trade-offs are 
possible.  This option is commonly referred to as DtS Elemental. 
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Thermal breaks – where required 
 

The NCC requires that thermal breaks be used in specific situations.  A thermal break, of minimum R-
value 0.2, is required where lightweight cladding and lining are directly attached to the same steel member 
(eg, stud, rafter) or the building is unlined.  The presence of any secondary member (eg cladding batten 
or lining batten) made from any material negates the requirement for a thermal break.  This applies to both 
walls and roofs of residential buildings and has been unchanged since BCA 2006. 
 
Thermal breaks improve the overall thermal performance of a roof or external wall element.  More 
importantly, they reduce the potential for areas of low temperature to form on internal wall or ceiling 
surfaces, attracting condensation. 
 
 

How to use this Technical Note - DtS Elemental compliance 
 

The steps in designing the insulation in accordance with the DtS Elemental method are given below and 
in Figure 1.  
 

 Activity References and comments 

STEP 1 Identify the NCC Climate Zone in which the 
dwelling will be constructed. 
 

Refer to NCC Volume Two Figure 2 and/or Table 3. 

STEP 2 Identify the specifications of each building 
element separating a conditioned space from 
an outside or unconditioned space. 
Note: Attached garages are typically 
unconditioned spaces. 
 

Relevant specifications include exterior materials 
and colours, roof type, wall heights, eave widths, 
number of storeys and presence of reflective 
membranes. 
 

STEP 3 Find the minimum insulation R-value required 
in the particular element for timber framed 
construction using the tables in the ABCB 
Housing Provisions Standard. 
 

For roofs and ceilings: Part 13.2.3 
For external walls: Part 13.2.5 
For floors and subfloor walls: Part 13.2.6 
 

STEP 4 Based on the minimum insulation R-value 
required for timber framed construction, use 
the tables in this Technical Note to find a 
conforming steel framed solution for the building 
element.  
 
Include any general insulation requirements in 
Part 13.2.2, roof thermal breaks (if required) in 
Part 13.2.3, roof lights (if present) in Part 13.2.4 
and wall thermal breaks (if required) in Part 
13.2.5. 
 

Use Part 1 of this Technical Note for basic solutions 
or Part 2 for a more refined solution with more 
variables.  Note: Solutions need not come from the 
same Part. 
 
Complete solutions include glazing (Part 13.3), 
building sealing (Part 13.4), ceiling fans (Part 13.5), 
whole-of-home energy use (Part 13.6) and services 
(Part 13.7). 

 

If there is no timber framed solution for any of the elements in the design, the DtS Elemental compliance 
path cannot be used.  A NatHERS software solution is then the only DtS option available. 
 

 

  

Select 

Climate Zone 

Identify building 

element 

specifications 

Select timber 

frame insulation 

solution 

Determine steel 

frame measures        

(if required) 

1 2 4 3 
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Types of building element 
 

Pitched roof 

Pitched roof - Horizontal ceiling 
(large air space above the ceiling) 

Flat, skillion or cathedral roof  
(minimum air space above the ceiling) 

  

Wall 

Masonry veneer wall Lightweight clad wall 

 
 

Ground floor 

Enclosed floor Unenclosed floor 
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Part 1    INSULATION SOLUTIONS 
 
Use this Part to quickly find steel framed construction solutions for each building element for a range of 
common materials and dimensions. 
 
The solutions given in the tables have been selected or calculated for the relevant element in accordance 
with the ABCB Housing Provision Standard taking into account the effects of thermal bridging.  For more 
details on calculation methods refer to the Methods and Assumptions section. 
 
 

1.1 Pitched roofs – horizontal ceiling 
 

 

 
 
Table 1.1 gives solutions for pitched roofs (trussed and raftered) with a flat ceiling. 
 
 

Table 1.1 Pitched roof - horizontal ceiling  

Timber 
requirement 

insulation value 

Steel insulation value 

Truss spacings (mm) 

No ceiling battens Includes ceiling battens  

≤ 6001 600 900 1200 1500 

R2.5 R3.0 R3.0 R2.5 R2.5 R2.5 

R3.0 R3.5 R3.5 R3.0 R3.0 R3.0 

R3.5 R4.0 R3.5 R3.5 R3.0 R3.0 

R4.0 R4.5 R4.0 R4.0 R3.5 R3.5 

R4.5 R5.0 R4.5 R4.0 R4.0 R4.0 

R5.0 R5.5 R5.0 R4.5 R4.5 R4.5 

Note:  

1. ABCB Housing Provisions Standard Clause 13.2.3(3)(a)(ii)  
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1.2 Flat, skillion and cathedral roofs 
 

 

 

 

Tables 1.2 and 1.3 give solutions for flat, skillion and cathedral roofs with sloping ceilings and steel sheet 

or tiled roof cladding. 

 

 

Table 1.2 Flat, skillion and cathedral roofs – for sheet or tiled roof 
Timber 

requirement 
insulation 

value 

Reflective 
membrane2 

Steel insulation value 

Truss spacing (mm) 

600 900 1200 1500 

R2.5 
Yes R3.0 R2.5 R2.5 R2.0 

No R4.0 R3.5 R3.0 R3.0 

R3.0 
Yes R4.0 R3.0 R3.0 R2.5 

No x R4.0 R3.5 R3.5 

R3.5 
Yes R4.5 R3.5 R3.0 R3.0 

No x R4.5 R4.0 R4.0 

R4.0 
Yes x R4.0 R3.5 R3.5 

No x x R5.0 R4.5 

R4.5 
Yes x R5.0 R4.5 R4.0 

No x x x R5.0 

R5.0 
Yes x x R5.0 R4.5 

No x x x x 

Notes: 
1. x = No DtS Elemental Solution 
2. Reflective membrane with downward facing emittance (ε) ≤ 0.05 and upward facing emittance ≤ 0.10 
3. All solutions include ceiling battens 
4. Specific membrane properties may be required for waterproofing or condensation control. 
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Table 1.3 Flat, skillion and cathedral roofs with R1.3 roofing blanket and membrane          
– for sheet roof only 

Timber 
requirement 
insulation 

value 

Reflective 
membrane1 

Steel insulation value 

Truss spacings (mm) 

600 900 1200 1500 

R2.5 Yes R1.5 R1.5 R1.5 R1.5 

R3.0 Yes R2.0 R2.0 R2.0 R1.5 

R3.5 Yes R2.5 R2.0 R2.0 R2.0 

R4.0 Yes R3.0 R2.5 R2.5 R2.5 

R4.5 Yes R4.0 R3.0 R3.0 R3.0 

R5.0 Yes R4.5 R4.0 R3.5 R3.5 

Notes: 
1. Reflective membrane with downward facing emittance (ε) ≤ 0.05 
2. All solutions include ceiling battens 
3. Vapour permeable membrane may be required for condensation control. 
 
 

1.3 Masonry veneer walls 
 

 

 

Table 1.4 gives solutions for masonry veneer construction. 
 
 

Table 1.4 Masonry veneer walls  
Timber 

requirement  
insulation 

value 

Steel insulation value and membrane emittance (ε) 

Nominal stud spacing (mm) 

450 600 

R1.5 R1.5 + ε < 0.20 reflective membrane R1.5 + ε < 0.20 reflective membrane 

R2.0 R2.0 + ε < 0.10 reflective membrane 
R2.0 + ε < 0.20 reflective membrane OR 

R1.5 + ε < 0.08 reflective membrane 

R2.5 R2.5 + ε < 0.10 reflective membrane 
R2.5 + ε < 0.20 reflective membrane OR 

R2.0 + ε < 0.10 reflective membrane 

R2.7 R2.5 + ε < 0.10 reflective membrane 
R2.7 + ε < 0.20 reflective membrane OR 

R2.5 + ε < 0.10 reflective membrane 

R3.0 R2.7 + ε < 0.08 reflective membrane R2.5 + ε < 0.10 reflective membrane 

Notes: 
1.  ε – infrared emittance 
2. Vapour permeable membrane may be required for condensation control. 
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1.4 Lightweight clad walls 

 

 
Tables 1.5 and 1.6 give solutions for lightweight clad walls including fibre cement and steel sheeting. 
 
 

Table 1.5 Lightweight clad walls with reflective membrane and battens 

Timber 
requirement 
insulation 

value 

Steel insulation value 

Reflective membrane (ε ≤ 0.1)1 
Reflective membrane (ε ≤ 0.1)1 

Continuous insulation layer (CIL) (R ≥ 0.2) 

Nominal stud spacing (mm) Nominal stud spacing (mm) 

450 600 450 600 

R1.5 R1.5 R1.5 R1.5 R1.5 

R2.0 R2.0 R2.0 R1.5 R1.5 

R2.5 R2.5 R2.0 R2.0 R2.0 

R2.7 R2.5 R2.5 R2.0 R2.0 

R3.0 R2.7 R2.5 R2.5 R2.0 

Notes: 
1. 20 mm battened air space 
2. ε – infrared emittance 
3. Vapour permeable membrane and continuous insulation may be required for condensation control. 

 
 

Table 1.6 Lightweight clad walls with reflective membrane with thermal break or 
continuous insulation layer (no battens) 

Timber 
requirement 
insulation 

value 

Steel insulation value 

Reflective membrane (ε ≤ 0.1)1 

and Thermal Break (R ≥ 0.2) 
Continuous insulation layer (CIL) 

(R ≥ 0.3) 

Nominal stud spacing (mm) Nominal stud spacing (mm) 

450 600 450 600 

R1.5 R2.5  R2.0  R2.0 R2.0 

R2.0 x R2.7 R2.5 R2.5 

R2.5 x x R3.0 R2.7 

R2.7 x x x R3.0 

R3.0 x x x x 

Notes: 
1. 13 mm reflective airspace created by thermal break 
2. ε – infrared emittance 
3. x = No DtS Elemental Solution 

4. Vapour permeable membrane and continuous insulation may be required for condensation control. 
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1.5 Floors 
 
Tables 1.7 and 1.8 give solutions for suspended enclosed and unenclosed subfloors. 
 

 
Figure 2  Enclosed floor  

 
 

Table 1.7 Enclosed floor solutions – Climate Zones 4-8 
Continuous 
insulation 
under floor 

joists 

Steel insulation value 

None None R0.54 None 

Position of 
insulation 

between floor 
joists 

Low3 Low Low High3 

Air space Non-reflective Reflective2 Non-reflective NA 

Timber 
requirement 

insulation value 
    

R1.0 R1.5 R1.0 R1.0 R1.5 

R1.5 R2.0 R1.5 R1.0 R2.0 

R2.0 R2.5 R2.0 R1.5 R3.0 

R2.5 R3.5 R3.0 R1.5 R3.5 

R3.0 R4.0 R3.5 R2.0 x 

R3.5 x R4.0 R2.5 x 

R4.0 x x R2.5 x 

Notes: 
1. x = No DtS Elemental Solution 
2. Internal, reflective membrane with downward facing infrared emittance (ε) of 0.05 placed under flooring  
3. Position of insulation:  

• Low – bottom of insulation lines up with bottom of joist 

• High – top of insulation touches the bottom of the floor 
4. Continuous insulation is attached to the bottom of the floor joist. 

 
Floor insulation is not required in Climate Zones 1-3.  Refer to Housing Provisions Standard Part 13.2.6 
(2) (a) and Tables 13.2.6 b-h for subfloor wall insulation requirements for all Climate Zones. 
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Figure 3  Unenclosed floor  
 
 

Table 1.8 Unenclosed floor solutions – Climate Zones 1-3 and 6-8 only  
 ` Steel insulation value 

Location of 
insulation 

Between 
floor 
joists 

Use combination of: 

Between 
floor 
joists 

Continuous 
beneath 

floor 
joists 

Climate 
Zone 

Timber 
requirement 

insulation value 
   

1 R2.0 R3.0 R1.5 R0.5 

2 R2.0 R3.0 R1.5 R0.5 

3 R1.5 R2.5 R1.0  R0.5 

4 x x x x 

5 x x x x 

6 R4.0 x R3.0  R0.5 

7 R4.0 x R3.0 R0.5 

8 R4.0 x R3.0 R0.5 

Note: x = No DtS Elemental Solution 
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Worked example 

• Case study is a single-storey detached dwelling (NCC Class 1). 

• Climate Zone 5 (Brisbane hinterland, coast north of Sydney, Adelaide and Perth). 

• Pitched steel roof, trusses at 900 mm, intermediate colour, ventilated, reflective membrane. 

• External walls 2700 mm high with studs at 600 mm centres, part brick veneer (dark colour), part fibre-

cement clad, eaves 600 mm. 

• Enclosed suspended floor, 600 mm high. 
 

Step 1 - Determine the Climate Zone in which the dwelling site is located 

• Use the map or table in the NCC Glossary, or refer to local guidance 
In this example we use Climate Zone 5 

Step 2 - Identify each building element that separates a conditioned space from the outside or from       
an unconditioned space 

• Horizontal ceiling element with air space above 

• Brick veneer external wall 

• Fibre-cement clad external wall 

• Suspended floor enclosed by single brick wall 

Step 3 - For each building element, use the tables in the ABCB Housing Provisions Standard to find    
the minimum insulation required in the particular element for timber framed construction 

• Ceiling element with air space above, Climate Zone 5 (CZ5): Table 13.2.3f requires R3.0 for 
timber 

• Brick veneer external wall, dark colour Solar Absorptance (SA) = 0.7, CZ5, 2700 mm high, 600 
mm eave: Table 13.2.5i requires R2.0 

• Fibre-cement clad external wall, 2700 mm high, 600 mm eave: Table 13.2.5i + R0.3 gives 
R2.3 total 

• Suspended floor, no downward reflective, enclosed by single brick wall: Table 13.2.6e requires 
R1.5 floor insulation and no subfloor wall insulation 

Step 4 - Based on the minimum insulation required for timber framed construction, use the tables in this 
Technical Note to find a conforming steel framed solution for the building element: 

• Ceiling solution (Table 1.1): Steel solutions table specifies R3.0 for 900 mm steel truss spacing 

• Brick veneer wall solution (Table 1.4): Steel solutions table specifies R2.0 with ε < 0.2 

membrane.  Can be reduced to R1.5 with ε < 0.08 membrane. 

• Fibre-cement clad external wall solution (Table 1.5): Steel solutions table allows R2.0 with 

battened reflective membrane (ε < 0.1) from interpolation in the Table. 

• Floor solution (Table 1.7): Steel solutions table allows R2.0 for insulation at bottom of joist 
(low).  This can be reduced to R1.0 with R0.5 continuous insulation under joists. 

 

Detail the solution in the project drawings and specifications, including any general insulation 
requirements in Part 13.2.2, roof thermal breaks (if required) in Part 13.2.3 and wall thermal breaks        
(if required) in Part 13.2.5.  Reference this NASH Technical Note NTN 006 in the project notes as 
required. 
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Part 2    CALCULATED TOTAL R-VALUES 
 

This Part uses the calculated R-value method to optimise a steel framed construction solution by providing 
a wide range of design configurations to meet the NCC Elemental requirements. 
 
Each of the tables in this Part serves two purposes when using the calculated R-value compliance method: 

• The two columns on the left show the steel Minimum Total R-value (or “target value”) for a particular 
timber insulation value 

• The remaining columns show calculated total R-values for steel framed construction, when specific 
insulation is used. 

 
Procedure: 
1. Determine the required insulation for timber building element, in accordance with Steps 1 to 3 in    

Figure 1  
 

2. Determine required minimum total R-value for steel building element 
 

3. Select insulation value and element spacing to meet the minimum calculated total R-values for steel. 
 
 

Worked example     
 
Case study is based on a pitched roof, horizontal ceiling with large air space above ceiling, using trussed 
or ceiling joist construction (Table 2.1 as illustrated below). 

 

Assume it was determined that R3.5 was required for ceiling insulation for timber construction, 
as described in Procedure 1 above 
 

For R3.5 the minimum total R-value for steel is 2.63 (see column 2 of Table below) 
 

The solution of the calculated total R-values for steel needs to exceed 2.63 as shown in Table 
below 

o If R3.0 insulation batts are chosen together with truss spacings of 1200 mm centres, the 
calculated R-value is 2.66 which exceeds the required 2.63 

o If R3.5 insulation batts are adopted for this example, any truss spacing greater than 600 
mm with ceiling battens also meets this requirement 
 

In summary, the following solutions are acceptable: 
o R3.0 insulation batts with trusses exceeding 1200 mm centres providing ceiling battens 

are used; or  
o R3.5 insulation batts with trusses at 600 mm or greater centres providing ceiling battens 

are used. 
 

 
Extract Table 2.1 Calculated total R-value for pitched roof with horizontal ceiling  

Timber 
requirement 
insulation 

value 

Steel - 
minimum 

total  
R-value1 

 Calculated total R-values for steel (m2.K/W) 4 

 

Ceiling 
insulation 

value 

Truss/ceiling joist spacings (mm) 

 No 
ceiling 
battens 

Includes ceiling battens 

 6002 6003 7503 9003 10503 12003 13503 15003 

R3.0 2.43  R3.0 1.99 2.35 2.47 2.55 2.61 2.66 2.70 2.73 

R3.5 2.63  R3.5 2.23 2.66 2.80 2.91 2.99 3.05 3.10 3.14 

R4.0 2.95  R4.0 2.47 2.96 3.13 3.25 3.35 3.42 3.48 3.53 
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2.1 Pitched roof – horizontal ceiling 
 

 

 
 
Table 2.1 gives calculated R-values for pitched roofs (trussed and raftered) with a flat ceiling. 

 
 

Table 2.1 Calculated total R-value for pitched roof with horizontal ceiling 

Timber 
requirement 
insulation 

value 

Steel - 
minimum 

total  
R-value1 

 Calculated total R-values for steel (m2.K/W) 4 

 

Ceiling 
insulation 

value 

Truss/ceiling joist spacings (mm) 

 No 
ceiling 
battens 

Includes ceiling battens 

 6002 6003 7503 9003 10503 12003 13503 15003 

R2.0 1.74  R2.0 1.45 1.69 1.75 1.80 1.83 1.86 1.88 1.89 

R2.5 2.09  R2.5 1.73 2.03 2.12 2.18 2.23 2.27 2.30 2.32 

R3.0 2.43  R3.0 1.99 2.35 2.47 2.55 2.61 2.66 2.70 2.73 

R3.5 2.63  R3.5 2.23 2.66 2.80 2.91 2.99 3.05 3.10 3.14 

R4.0 2.95  R4.0 2.47 2.96 3.13 3.25 3.35 3.42 3.48 3.53 

R4.5 3.27  R4.5 2.73 3.28 3.48 3.62 3.73 3.82 3.89 3.95 

R5.0 3.59  R5.0 2.99 3.60 3.82 3.98 4.11 4.21 4.29 4.36 

R5.5 3.91  R5.5 3.24 3.91 4.16 4.34 4.49 4.60 4.69 4.76 

R6.0 4.23  R6.0 3.49 4.23 4.50 4.70 4.86 4.98 5.08 5.17 

Notes: 
1. NCC Table 13.2.3s 
2. No battens required for truss spacing of 600 mm but are required for greater spacings 
3. Calculated values are for upward direction 
4. Calculated values may be interpolated vertically or horizontally 
 

  

 



NASH TECHNICAL NOTE                                     NTN 006 

      
August 2023 15 nash.asn.au 
 

2.2 Flat, skillion and cathedral roofs  

 

 
 

 

Table 2.2 gives calculated R-values for skillion and cathedral ceilings with steel sheet or tiled roof cladding. 

 
 

Table 2.2 Calculated total R-value for flat, skillion and cathedral roofs (with non-reflective 
or no membrane)  

 

Notes: 
1. NCC Table 13.2.3t 
2. Calculated values are for upward direction 
3. Calculated values may be interpolated vertically or horizontally 
4. All calculated values include ceiling battens. 

 

 

Table 2.3 (a) gives calculated R-values for skillion and cathedral ceilings with steel sheet or tiled roof 

cladding. 

 

  

Timber 
requirement 
insulation 

value 

Steel - 
minimum 

total 
R-value1 

 Calculated total R-values for steel (m2.K/W) 

 Ceiling 
insulation 

value 

Rafter spacing (mm) 

 600 750 900 1050 1200 1350 1500 

R1.0 1.32  R1.0 1.23 1.25 1.27 1.28 1.29 1.30 1.30 

R1.5 1.78  R1.5 1.56 1.61 1.65 1.67 1.69 1.71 1.72 

R2.0 2.21  R2.0 1.84 1.92 1.98 3.02 2.06 2.09 2.11 

R2.5 2.63  R2.5 2.08 2.19 2.28 2.35 2.40 2.44 2.48 

R3.0 3.02  R3.0 2.28 2.44 2.55 2.64 2.71 2.77 2.82 

R3.5 3.22  R3.5 2.47 2.65 2.80 2.91 3.00 3.07 3.14 

R4.0 3.57  R4.0 2.63 2.85 3.02 3.15 3.26 3.36 3.43 

R4.5 3.90  R4.5 2.76 3.01 3.21 3.37 3.50 3.61 3.71 

R5.0 4.22  R5.0 2.89 3.17 3.40 3.58 3.73 3.86 3.97 
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Table 2.3 (a) Calculated total R-value for flat, skillion and cathedral roofs (with double-
sided reflective membrane)  

Timber 
requirement 
insulation 

value 

Steel - 
minimum 

total 
R-value1 

 Calculated total R-values for steel (m2.K/W) 

 Ceiling 
insulation 

value 

 Rafter spacing (mm) 

 600 750 900 1050 1200 1350 1500 

R1.0 1.32  R1.0 1.72 1.76 1.79 1.81 1.82 1.84 1.85 

R1.5 1.78  R1.5 2.04 2.11 2.15 2.19 2.22 2.24 2.26 

R2.0 2.21  R2.0 2.32 2.42 2.49 2.55 2.59 2.63 2.65 

R2.5 2.63  R2.5 2.57 2.70 2.80 2.88 2.94 2.99 3.03 

R3.0 3.02  R3.0 2.80 2.97 3.09 3.19 3.27 3.33 3.38 

R3.5 3.22  R3.5 2.98 3.18 3.34 3.46 3.56 3.64 3.70 

R4.0 3.57  R4.0 3.15 3.39 3.58 3.72 3.84 3.94 4.02 

R4.5 3.90  R4.5 3.31 3.58 3.80 3.97 4.10 4.22 4.31 

R5.0 4.22  R5.0 3.46 3.76 4.01 4.20 4.36 4.49 4.60 

Notes: 
1. NCC Table 13.2.3t 
2. Calculated values are for upward direction 
3. Calculated values may be interpolated vertically or horizontally 

4. Calculated values include ceiling battens 
5. Reflective membrane with downward facing emittance (ε) ≤ 0.05 and upward facing emittance ≤ 0.10. 
 
 
Table 2.3 (b) gives calculated R-values for skillion and cathedral ceilings with steel sheet cladding. 

 
 

Table 2.3 (b) Calculated total R-value for flat, skillion and cathedral roofs (with R1.3 
reflective roof blanket) 

Timber 
requirement 
insulation 

value 

Steel - 
minimum 

total 
R-value1 

 Calculated total R-values for steel (m2.K/W) 

 Ceiling 
insulation 

value 

Rafter spacing (mm) 

 600 750 900 1050 1200 1350 1500 

R1.0 1.32  R1.0 2.50 2.53 2.54 2.55 2.56 2.57 2.58 

R1.5 1.78  R1.5 2.85 2.90 2.93 2.96 2.98 2.99 3.01 

R2.0 2.21  R2.0 3.15 3.23 3.29 3.33 3.37 3.39 3.41 

R2.5 2.63  R2.5 3.42 3.54 3.62 3.68 3.73 3.77 3.80 

R3.0 3.02  R3.0 3.67 3.81 3.92 4.01 4.07 4.12 4.17 

R3.5 3.22  R3.5 3.87 4.05 4.19 4.29 4.38 4.45 4.50 

R4.0 3.57  R4.0 4.06 4.28 4.44 4.57 4.67 4.76 4.83 

R4.5 3.90  R4.5 4.22 4.48 4.67 4.83 4.95 5.05 5.14 

R5.0 4.22  R5.0 4.38 4.67 4.89 5.07 5.21 5.33 5.43 

Notes: 
1. NCC Table 13.2.3t 
2. Calculated values are for upward direction 
3. Calculated values may be interpolated vertically or horizontally 
4. Calculated values include ceiling battens. 
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2.3 Masonry veneer walls  

 
 

Table 2.4 gives calculated R-values for masonry including brick veneer construction. 
 
 

Table 2.4 (a) Masonry veneer – nominal stud spacing 450 mm 

Timber 
requirement 
insulation 

value 

Steel - 
minimum 

total  
R-value1 

  Calculated total R-values for steel (m2.K/W) 

 Emittance (ε) ≤ 0.08 > 0.08 to 0.10 > 0.10 to 0.20 > 0.20 

 Continuous2 None R0.2 None R0.2 None R0.2 None R0.2 

 Wall 
insulation 

value 
        

R1.5 1.79  R1.5 2.04 2.22 2.00 2.18 1.83 2.03 1.47 1.67 

R2.0 2.08  R2.0 2.29 2.48 2.25 2.44 2.05 2.25 1.63 1.83 

R2.5 2.34  R2.5 2.52 2.70 2.47 2.65 2.24 2.44 1.75 1.95 

R2.7 2.44  R2.7 2.60 2.78 2.55 2.73 2.31 2.51 1.80 2.00 

R3.0 2.57  R3.0 2.71 2.90 2.66 2.84 2.41 2.61 1.86 2.06 

Notes: 
1. Standard Housing Provision Standard Table 13.2.5r 

2. Continuous insulation layer on the outer face of the wall framing 
3. Vapour permeable membrane and continuous insulation may be required for condensation control. 
 
 

Table 2.4 (b) Masonry veneer – nominal stud spacing 600 mm 

Timber 
requirement 
insulation 

value 

Steel - 
minimum 

total 
R-value1 

  Calculated total R-values for steel (m2.K/W) 

 Emittance (ε) ≤ 0.08 > 0.08 to 0.10 > 0.10 to 0.20 > 0.20 

 Continuous2 None R0.2 None R0.2 None R0.2 None R0.2 

 Wall 
insulation 

value 
        

R1.5 1.79  R1.5 2.09 2.28 2.05 2.24 1.88 2.08 1.53 1.73 

R2.0 2.08  R2.0 2.37 2.56 2.33 2.52 2.14 2.34 1.72 1.92 

R2.5 2.34  R2.5 2.62 2.81 2.58 2.76 2.36 2.56 1.87 2.07 

R2.7 2.44  R2.7 2.72 2.90 2.67 2.85 2.44 2.64 1.9 2.12 

R3.0 2.57  R3.0 2.85 3.03 2.80 2.98 2.55 2.75 1.99 2.19 

Notes: 
1. Standard Housing Provision Standard Table 13.2.5r 

2. Continuous insulation layer on the outer face of the wall framing 
3. Vapour permeable membrane and continuous insulation may be required for condensation control. 
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2.4 Lightweight clad walls 

 

 
Tables 2.5 and 2.6 gives calculated R-values for lightweight clad walls including fibre cement and steel 
sheeting. 
 
 

Table 2.5 (a) Lightweight cladding – nominal stud spacing 450 mm – Emittance ≤ 0.1 

Timber 
requirement 
insulation 

value 

Steel - 
minimum 

total 
R-value1 

 
 

Calculated total R-values for steel – 20 mm battened airspace 
(m2.K/W) 

 Emittance (ε) ≤ 0.08 > 0.08 to 0.10 

 Continuous2 None R0.13 R0.2 R0.3 None R0.13 R0.2 R0.3 

 Wall 
insulation 

value 
        

R1.5 1.64  R1.5 1.79 1.92 1.99 2.09 1.76 1.89 1.96 2.06 

R2.0 1.89  R2.0 2.03 2.16 2.23 2.33 1.99 2.12 2.19 2.29 

R2.5 2.06  R2.5 2.23 2.36 2.43 2.53 2.19 2.32 2.39 2.49 

R2.7 2.15  R2.7 2.31 2.44 2.51 2.61 2.26 2.39 2.46 2.56 

R3.0 2.27  R3.0 2.41 2.54 2.61 2.71 2.36 2.49 2.56 2.66 

Notes: 
1. ABCB Housing Provisions Standard Table 13.2.5q 
2. Continuous insulation layer on the outer face of the wall framing 

3. Vapour permeable membrane and continuous insulation may be required for condensation control. 
 
 

Table 2.5 (b) Lightweight cladding – nominal stud spacing 450 mm – Emittance > 0.1 

Timber 
requirement 
insulation 

value 

Steel - 
minimum 

total 
R-value1 

  Calculated total R-values for steel – 20 mm battened airspace 
(m2.K/W) 

 Emittance (ε) > 0.10 to 0.20 > 0.20 

 Continuous2 None R0.13 R0.2 R0.3 None R0.13 R0.2 R0.3 

 Wall 
insulation 

value 
        

R1.5 1.64  R1.5 1.63 1.76 1.83 1.93 1.32 1.45 1.52 1.62 

R2.0 1.89  R2.0 1.84 1.97 2.04 2.14 1.48 1.61 1.68 1.78 

R2.5 2.06  R2.5 2.02 2.15 2.22 2.32 1.60 1.73 1.80 1.90 

R2.7 2.15  R2.7 2.09 2.22 2.29 2.39 1.64 1.77 1.84 1.94 

R3.0 2.27  R3.0 2.17 2.30 2.37 2.47 1.70 1.83 1.90 2.00 

Notes: 
1. ABCB Housing Provisions Standard Table 13.2.5q 
2. Continuous insulation layer on the outer face of the wall framing 

3. Vapour permeable membrane and continuous insulation may be required for condensation control. 
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Table 2.6 (a) Lightweight cladding – nominal stud spacing 600 mm – Emittance ≤ 0.1 

Timber 
requirement 
insulation 

value 

Steel -  
minimum 

total 
R-value1 

  Calculated total R-values for steel – 20 mm battened airspace 
(m2.K/W) 

 Emittance (ε) ≤ 0.08 > 0.08 to 0.10 

 Continuous2 None R0.13 R0.2 R0.3 None R0.13 R0.2 R0.3 

 Wall 
insulation 

value 
        

R1.5 1.64  R1.5 1.85 1.98 2.05 2.15 1.82 1.95 2.02 2.12 

R2.0 1.89  R2.0 2.12 2.25 2.32 2.42 2.09 2.22 2.29 2.39 

R2.5 2.06  R2.5 2.36 2.49 2.56 2.66 2.32 2.45 2.52 2.62 

R2.7 2.15  R2.7 2.44 2.57 2.64 2.74 2.40 2.53 2.60 2.70 

R3.0 2.27  R3.0 2.56 2.69 2.76 2.86 2.52 2.65 2.72 2.82 

Notes: 
1. ABCB Housing Provisions Standard Table 13.2.5q 
2. Continuous insulation layer on the outer face of the wall framing 

3. Vapour permeable membrane and continuous insulation may be required for condensation control. 
 
 

Table 2.6 (b) Lightweight cladding – nominal stud spacing 600 mm – Emittance > 0.1 

Timber 
requirement 
insulation 

value 

Steel - 
minimum 

total 
R-value1 

 
 

Calculated total R-values for steel – 20 mm battened airspace 
(m2.K/W) 

 Emittance (ε) > 0.10 to 0.20 > 0.20 

 Continuous2 None R0.13 R0.2 R0.3 None R0.13 R0.2 R0.3 

 Wall 
insulation 

value 
        

R1.5 1.64  R1.5 1.69 1.82 1.89 1.99 1.39 1.52 1.59 1.69 

R2.0 1.89  R2.0 1.94 2.07 2.14 2.24 1.57 1.70 1.77 1.87 

R2.5 2.06  R2.5 2.14 2.27 2.34 2.44 1.72 1.85 1.92 2.02 

R2.7 2.15  R2.7 2.22 2.35 2.42 2.52 1.77 1.90 1.97 2.07 

R3.0 2.27  R3.0 2.32 2.45 2.52 2.62 1.84 1.97 2.04 2.14 

Notes: 
1. ABCB Housing Provisions Standard Table 13.2.5q 
2. Continuous insulation layer on the outer face of the wall framing 

3. Vapour permeable membrane and continuous insulation may be required for condensation control. 
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2.5 Floors (Enclosed)  
 

Table 2.7 and 2.8 give solutions for suspended enclosed and unenclosed subfloors. 
 
 

 
Figure 4 Enclosed floor 

 

Table 2.7  Enclosed floors with and without carpet     

Timber 
requirement 
insulation 

value 

Joist 
depth 
(mm) 

Steel - 
Minimum total 

R-value1 

  Calculated total R-values for steel (m2.K/W) 

 
Insulation 

configuration 
Low4 
NRAS 

Low 
RAS2 

Low 
R0.5 lining5 

High4 

Carpet Other  
Floor 

insulation 
value 

Carpet Other Carpet Other Carpet Other Carpet Other 

R1.0 150 1.30 1.15  R1.0 1.30 1.11 1.55 1.36 1.89 1.70 1.17 0.98 

R1.5 150 1.65 1.50  R1.5 1.57 1.38 1.80 1.61 2.25 2.06 1.45 1.26 

R2.0 150 1.97 1.83  R2.0 1.81 1.62 2.01 1.82 2.58 2.39 1.69 1.50 

R2.5 150 2.27 2.11  R2.5 2.03 1.84 2.21 2.02 2.88 2.69 1.90 1.71 

R3.0 150 2.52 2.37  R3.0 2.22 2.03 2.39 2.20 3.17 2.98 2.09 1.90 

R3.5 200 2.59 2.47  R3.5 2.40 2.21 2.54 2.35 3.37 3.18 2.28 2.09 

R4.0 200 2.79 2.65  R4.0 2.56 2.37 2.69 2.50 3.61 3.42 2.43 2.24 

Notes: 
1. ABCB Housing Provisions Standard Table 13.2.6i 
2. RAS - Reflective air space - internal, reflective membrane with downward facing emittance (ε) of 0.05 placed 

under flooring  
3. NRAS - Non reflective air space 
4. Position of insulation:  

•  Low – bottom of insulation lines up with bottom of joist, supported on membrane 

• High – top of insulation touches the bottom of the floor 
5. Continuous insulation lining is attached to the bottom of the floor joist 
6. Calculated values are for downward direction. 
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2.6 Floors (Unenclosed)  
 

 
 

Figure 5  Unenclosed floor  

 
 

Table 2.8 Unenclosed floors with and without carpet    

Timber 
requirement 
insulation 

value 
 

Joist 
depth 
(mm) 

Steel - 
minimum total 

R-value1 

  Calculated total R-values for steel (m2.K/W) 

 
Insulation 

configuration 
Low4 

NRAS3 
Low 
RAS2 

Low, 
R0.5 lining5 

High4 

Carpet Other  
Floor 

insulation 
value 

Carpet Other Carpet Other Carpet Other Carpet Other 

R1.0 150 1.30 1.15  R1.0 1.19 1.00 1.34 1.15 1.88 1.69 1.07 0.88 

R1.5 150 1.65 1.50  R1.5 1.35 1.16 1.46 1.27 2.19 2.00 1.23 1.04 

R2.0 150 1.97 1.83  R2.0 1.47 1.28 1.55 1.36 2.47 2.28 1.34 1.15 

R2.5 150 2.27 2.11  R2.5 1.56 1.37 1.62 1.43 2.72 2.53 1.42 1.23 

R3.0 150 2.52 2.37  R3.0 1.63 1.44 1.68 1.49 2.94 2.75 1.48 1.29 

R3.5 200 2.59 2.47  R3.5 1.85 1.66 1.91 1.72 3.11 2.92 1.72 1.53 

R4.0 200 2.79 2.65  R4.0 1.91 1.72 1.96 1.77 3.28 3.09 1.78 1.59 

Notes: 
1. ABCB Housing Provisions Standard Table 13.2.6i 
2. RAS - Reflective air space - internal, reflective membrane with downward facing emittance (ε) of 0.05 placed 

under flooring  
3. NRAS - Non reflective air space 
4. Position of insulation:  

• Low – bottom of insulation lines up with bottom of joist, supported on membrane 

• High – top of insulation touches the bottom of the floor 
5. Continuous insulation lining is attached to the bottom of the floor joist 
6. Calculated values are for downward direction. 
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METHODS AND ASSUMPTIONS 

 
Thermal bridging calculation methods 
 
When a building element contains components such as frame members with lower thermal resistance than 

the surrounding materials, more heat is conducted through these members.  This is commonly referred to 

as “conductive thermal bridging”.  Gaps in the building structure or between insulation materials also 

locally increase heat transmission and this effect is referred to as “convective thermal bridging”. 

NCC 2022 introduces a requirement to consider conductive thermal bridging via: 

• The definition of Total R-value and, [NCC Glossary] 

• Explicit wording in the ABCB Housing Provisions Standard (a DtS solution) [Clauses 13.2.3, 13.2.5 
and 13.2.6] 

Methods of quantifying the total thermal resistance of building elements accounting for conductive thermal 

bridging fall into three general categories: 

• Simplified calculation methods such as isothermal planes, parallel path and modified zone. 
Standards such as NZS 4214, ISO 6946 and Gorgolewski use adapted versions of one or more of 
these methods. 

• Computational methods such as finite element simulations and computational fluid dynamics (eg 
2D THERM, 3D ANSYS). 

• Physical test methods at laboratory or full scale to measure heat flux in a standardised and 
repeatable way. 

 

In this Technical Note, for calculations for walls, raftered roofs and floors above unenclosed subfloor 

spaces, AS/NZS 4859.2 has been used, subject to assumptions listed below and following the guidelines 

developed by Trethowen.  For ceilings below a large air space and for floors above an enclosed 

subfloor space, the method developed by the Sustainable Buildings Research Centre at the University 

of Wollongong has been used, subject to assumptions listed below and following the guidelines developed 

by Trethowen. 

 

Assumptions common to all construction elements 
 

• Product thermal properties are assumed to remain sufficiently constant over the temperature range 
nominated in AS/NZS 4859.2 for Australian conditions. 

• Contact resistances have been applied where appropriate in accordance with NZS 4214, where any 
steel flange, including a batten, is in contact with a membrane, sheet, thermal break or continuous 
insulation material. 

• Frame ratios used in calculation are based on total flange area of studs, noggings, rafters, ceiling joists 
or floor joists divided by the surface area of the building element.  They include: 

o Ceilings – includes ceiling joists or truss bottom chords at the spacing in the relevant table. 
o Raftered roofs – includes rafters only, at the spacing in the relevant table. 
o Walls – includes studs 2400 mm high, plates and mid-height noggings. 
o Floors – includes floor joists at the spacing in the relevant table. 

• Bulk insulation assumes non-combustible glasswool with R-value determined using AS/NZS 4859.1. 

• Bulk insulation width and installation methods assume continuous coverage as far as practicable. 

• Plasterboard is assumed to have a thickness of 10 mm and a thermal conductivity of 0.17 W/m.K. 

• Materials not specifically mentioned are assumed to have the thermal properties listed in NCC 2022 

Specification 36 or in NZS 4214 Appendix E1. 
 



NASH TECHNICAL NOTE                                     NTN 006 

      
August 2023 23 nash.asn.au 
 

Assumptions for walls, raftered roofs and floors above unenclosed spaces 
(AS/NZS 4859.2/NZS 4214 method) 
 

• Raftered roofs and floors are assumed to have comprise C15015 purlin rafters (150 x 64 x 1.5 mm) up 
to insulation value R3.0, C20015 (200 x 75 x 1.5 mm) up to R4.0 and (for rafters only) C25019 (250 x 
75 x 1.9) up to R5.0. 

• Walls are assumed to be constructed from C-section studs and plates (90 x 40 x 0.75 mm) with one 
row of noggings of the same section. 

• Ceiling battens are assumed to be present for all  rafter spacings.  Battens are assumed to be 20 mm 
deep and 0.42 mm BMT steel or thinner at 600 mm spacing. 

• Cladding battens are assumed to be present where indicated in the relevant tables.  Roof battens are 
assumed to be 40 mm deep and 0.55 mm BMT steel at 800 mm spacing.  Wall battens are assumed 
to be 20 mm deep and 0.48 mm BMT steel at 800 mm spacing. 

• Wall thermal breaks are assumed to be placed vertically on wall studs and to create a 13 mm airspace. 

• Air spaces in walls and raftered roofs are assumed unventilated (as defined in AS/NZS 4859.2) with 
an outward or downward facing surface of emittance listed in the relevant tables. 

• R-values for air spaces have been determined from NZS 4214 Table E3 assuming an air space ΔT of 
60K.  This is consistent with Australian indoor-outdoor overall temperature differences of 120C 
(summer) and 60C (winter). 

• Reflective roof membranes used without roofing blanket are assumed to be double-sided with an upper 
emittance of 0.10 and a lower emittance of 0.05. 

• Wall and roof membranes, where installed and with the nominated emittance, must have an 
appropriate vapour permeability for the climate zone of the building. 

• Wall insulation batt width between studs is assumed to be equal to the nominal stud spacing in 
accordance with insulation industry recommended practice. 

• Roof insulation batts between rafters are assumed to be installed without edge gaps. 

• Masonry is assumed to have a thickness of 110 mm and a thermal conductivity of 0.65 W/m.K. 

• For cases where an insulative layer is installed within an air space, the modified Isothermal Planes 
Method of NZS 4214 is unsuitable.  In these cases, the R-value of the insulative layer is added to the 
Total R-value calculated without the layer. 

• An air space > 20 mm high is assumed to exist above floor joist bulk insulation and the next layer.  This 
air space may be reflective or non-reflective as indicated in the relevant tables. 

• Floors above unenclosed spaces are not well covered by AS/NZS 4859.2 or NZS 4124.  For these 

cases, the floor underside is conservatively treated as an external wall surface.  Further research is 

needed to develop and validate simplified calculation methods for unenclosed floors. 

 

 

Assumptions for ceilings and floors above enclosed spaces (SBRC/UOW method) 
 

• Floors are assumed to comprise C15015 purlin floor joists (150 x 64 x 1.5 mm) up to insulation value 
R3.0 and C20015 (200 x 75 x 1.5 mm) up to R 4.0. 

• Ceilings are assumed to comprise C-section truss chords of 90 x 40 x 0.75 mm with the 90 mm 
dimension vertical and glasswool insulation placed between the chords. 

• Ceiling insulation batt width is assumed to be 40 mm narrower than truss spacing for insulation up to 
R4.0 reducing linearly to 30 mm narrower for R6.0 insulation.  Wider batts equal to nominal truss 
spacing will give higher total R-values and better thermal performance. 

• Floor insulation is assumed to be 20 mm narrower than joist spacing. 

• Ceiling battens are assumed to be present where ceiling joist spacing exceeds 600 mm.  Battens are 
assumed to be 20 mm deep and 0.42 mm BMT steel or thinner at 600 mm spacing. 

• Particleboard flooring is assumed to have a thickness of 22 mm and a thermal conductivity of 0.12 
W/m.K. 

• An unventilated air space > 20 mm high is assumed to exist above floor joist bulk insulation and the 
next layer.  This air space may be reflective or non-reflective as indicated in the relevant tables. 
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Trethowen guidelines 
 
The following eleven calculation guidelines are summarised from the work of Harold A. Trethowen as 

published in ASHRAE Transactions 1995, Vol. 101, Part 2.  These guidelines form part of the application 

and interpretation of the calculation methods used in this Technical Note. 

 

1. Homogeneous layer: Homogeneous layers are layers that can be meaningfully expressed with a 

single conductivity value. 

2. Bridged layer:  Thermally bridged layers are any layers that are not homogeneous. 

3. Bridged layer boundaries:  Bridged layers are bounded by the faces of homogeneous layers that 

are neither insulating nor air spaces. 

4. Adjacent zones:  Two bridged layers cannot be immediately adjacent.  They should be combined 

and treated as a single bridged layer, with additional thermal paths if necessary. 

5. Thermal properties:  Thermal properties used in calculation must be appropriate for the conditions 

of use, eg mean temperature, moisture content, compression. 

6. Contact resistance:  Contact resistances where construction layers meet should be taken as 0.03 

unless specific data are available. 

7. Surface resistances:  Outer surfaces of construction assemblies have small resistance values 

that are standardised for calculations. 

8. Thermal zones:  The total R-value of a bridged layer is the reciprocal of the sum of the area 

weighted conductances. 

9. Multiple bridged zones:  The total R-value of an assembly is the sum of all bridged layers, 

homogeneous layers and surface resistances. 

10. Metal frames:  Metal frame members can be modelled as equivalent solid rectangles with density-

adjusted conductivity. 

11. Convective bridging:  Where cavities exist on both sides of insulation with edge gaps larger than 

zero (for walls) and 4 mm (for ceilings), the R-value of the insulation can be adjusted using formulae 

developed by Trethowen. 
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