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Abstract: Since 2003, in an attempt to reduce the use of energy and subsequent greenhouse gas 
emissions in Australia, the Building Code of Australia has gradually increased thermal performance 
requirements for residential and non-residential buildings. To meet these requirements has included the 
selection improved glazing systems, increased insulation levels to subfloor, walls, ceiling and roofing, 
and a reduction of infiltration losses. However, these measures do have limitations and in many cases 
the inclusion of appropriately sized and placed thermal mass may provide a more efficient and effective 
thermal performance outcome. This study comparatively explored, through the use of a NatHERS 
approved house energy simulation program, the use of massive timber elements within the built fabric 
of a selected group of contemporary house designs. The simulations required the establishment of a 
base built fabric model for each case study house. Each house was then simulated with different built 
fabric systems in flooring, external wall lining, internal partition walls and ceilings. The built fabric 
systems included standard lightweight insulated timber framing, clay brick, concrete block and solid 
softwood and solid hardwood systems. Additionally, the study also included the assessment of these 
interventions in cool temperate, temperate, hot and dry, and hot and humid Australian climates. The 
results and analysis of the simulations reveal that the use of massive timber elements, as thermal mass, 
provides a comparative thermal performance improvement of up to 24% in all houses in all climate 
types. Additionally, the research identified benefits from the different types of thermal mass relative to 
the location within the built fabric of each house. Furthermore, the research has started to inform a 
thermal mass diagram for Australia, which indicates a climate-based delineation for the use of softwood 
or hardwood massive timber systems as thermal mass. 
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1. Introduction 

This research has resulted from an ongoing exploration of the built fabric benefits that may be obtained 
by using mass-timber construction in Australian buildings. This interest has been developed through the 
combination of right sizing thermal mass in professional practice and deeper research questions about 
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what sustainable materials may provide effective thermal mass (Dewsbury, 2012a). This paper focuses 
on the simulated thermal performance effectiveness of massive-timber construction as a form of 
thermal capacitance in Australian houses. For comparative purposes this research has also simulated the 
comparative thermal performance from other conventional thermal mass materials, such as clay brick 
and concrete block (Galloway, 2004). Theoretically, the selection of materials with a high thermal 
capacity provides ‘good thermal mass’. However, the correct application of thermal mass within the 
built fabric is paramount if it is to assist in the effective balancing of indoor temperatures within 
accepted bandwidths for human comfort (Slee et al., 2013). It is generally accepted that the provision of 
a higher level of thermal comfort can enable a reduction in heating and cooling demands and 
consequent energy requirements. Furthermore, it is generally accepted that thermal mass works best in 
climates that have a large diurnal range, which makes it a suitable intervention for many parts of 
Australia (Szokolay and Brisbin, 2004). 

The last decade has seen increasingly stringent regulation within the Building Code of Australia, (now 
the National Construction Code), aimed at reducing the amount energy that buildings use for heating 
and cooling (ABCB, 2004; 2007; 2010). This has been in response to the Australian governments desire 
to reduce greenhouse gas emissions in line with its international commitments (COAG, 2009; Pitt & 
Sherry, 2010). To meet these requirements, in most instances, has required the selection of improved 
glazing systems, increased insulation to subfloor, walls, ceiling and roofing, and a reduction of 
infiltration losses (Iskra, 2004; Dewsbury and Nolan, 2015). Whether it is the need to further improve 
energy efficiency or the exploration of other means to improve human thermal comfort within 
buildings, the effective application of thermal capacitance can play a significant role (Slee and Hyde, 
2015). 

Previous building simulation based research, which explored the use of massive-timber construction, 
demonstrated potential thermal performance benefits in two Australian climates, namely Melbourne 
and Launceston. The research examined a large group of typical residential house designs in order to 
study the potential benefits of massive-timber as thermal mass and its impact on thermal performance, 
relative amounts of embodied energy, and benefits from carbon sequestration (Dewsbury, 2012b; 
2013a; b). Similar research has been completed in New Zealand, but only focussed on 40mm mass-
timber elements (Bellamy and Mackenzie, 2007). However, in the 1970’s and 1980’s the United States 
Bureau of Standards conducted extensive thermal performance research within test buildings, where it 
was recognised that solid log walls provided both insulation and thermal capacitance (Burch, 1982). That 
research, like this research, compared standard framed construction, clay brick and concrete block 
systems as thermal mass. All of these previous activities recommended that further research on the 
potential of timber and other thermal mass types, and their placement, relative to climates, was 
required. Additionally, previous researchers have tried to develop ‘rules of thumb’ for thermal mass 
placement. One task suggested locating thermal storage into ceilings as more effective than placing the 
same thermal mass within flooring, such as a concrete slab-on-ground (Slee and Hyde, 2011; Slee et al., 
2014b). It is not clear if solid timber construction would work effectively within the same scenarios that 
were tested in Slee’s research but it became a point of leverage to enable a broader testing of thermal 
mass placement (Slee et al., 2014a). Another positive aspect to the use of mass timber construction is its 
effect on indoor environmental quality, where it has provided a large moisture buffering value (MBV), 
by effectively reducing the relative humidity of a space (Hameury, 2006). The MBV aspect of mass 
timber was not considered in this paper, as current NatHERS building simulation programs do not 
consider this phase change aspect of material properties. 
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The intent of this research was to establish, through the use of built fabric thermal simulation and its 
impact on conditioning energy, what benefits the use of massive-timber elements may provide for 
thermal performance. This included different Australian climate typologies, (cool temperate, temperate, 
hot and dry, hot and humid) and different types of massive timber (softwood and hardwood). 

2. Methodology 

This research required several stages to provide appropriate data and analysis. The set of typical house 
plans that had been previously used was to be reviewed. The climates for simulation purposes were to 
be selected. The thermal mass systems were to be reviewed. The software selection was to be re-
assessed. A suitable method of analysis was to be selected which could enable a visual presentation of 
the data. All these tasks were completed and critiqued to ensure there were no unintentional biases. 

In the previous research by Dewsbury (2012b; 2013b), mentioned above, the house designs were a 
mix of architect and volume builder designed detached houses, with a single two-storey residence. To 
better represent contemporary trends in this task, some of the architect-designed houses were deleted 
and additional volume-builder designs were added. This included two two-storey volume builder designs 
typical of new housing in Victoria and New South Wales. The houses were all quite modest in size, with 
floor areas ranging from 73m

2
 to 176m

2
, which is slightly smaller than Australia’s average house size of 

214m
2
 (Reneweconomy, 2015). Key data for the houses is shown below in Table . Eleven houses were 

selected, which had a range of initial house energy ratings from 5 stars to over 9 stars. The orientation 
that was adopted for simulation purposes was identical to what was shown on the original council 
approved documentation. To establish an initial benchmark, all houses were subject to a base set of 
construction parameters, which were used to establish a controlled scenario for analysis. 

Table 1: Key data from selected house plans 
House 1 / 2 

Storey 
Area 
(m²) 

Conditioned area 
(m²) 

Glazed area 
(m²) 

Percentage of glass to floor 
area 

1 (Volume builder) 1 176 126.5 39.0 22.2% 

H2 (Volume 
builder) 

1 142 125.0 38.0 26.8% 

H3 (Volume 
builder) 

2 130 118.0 25.0 19.2% 

H4 (Volume 
builder) 

2 109 96.0 23.0 21.1% 

H5 (Volume 
builder) 

2 113 86.0 21.0 18.6% 

H6 (Architect) 1 73 54.5 23.0 31.5% 
H7 (Architect) 1 132 87.5 52.0 39.4% 
H8 (Volume 
builder) 

1 83 72.5 34.5 41.6% 

H9 (Volume 
builder) 

1 136 126.0 25.5 18.8% 

H10 (Architect) 1 173 150.0 64.0 37.0% 
H11 (Volume 
builder) 

1 110 76.0 31.0 28.2% 
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A review of typical Australian climates was undertaken to establish suitable locations for simulation 
by the NatHERS approved software. These locations and climates were derived from the Australian 
Building Code Board’s Australian climate definitions (ABCB, 2009). The selection of appropriate 
postcodes focused on locations that are on fringes of major cities, to produce realistic suburban climatic 
conditions for the simulations, namely:   

 Oatlands, Tasmania (the coolest climate) 
 Outer suburban Melbourne, Victoria (mild temperate) 
 Outer suburban Adelaide, SA (warm temperate) 
 South western Sydney, NSW (warm temperate)  
 Alice Springs, NT (hot and dry) 
 South western Brisbane, Queensland (warm humid)  

To ascertain the thermal mass interventions, a review of typical materials that are identified for use as 
thermal mass in Australia and an exploration of systems that are evolving in other nations were 
undertaken. This led to the list of variables for external walls, internal walls, ceiling and floors, as shown 
in Table 2. Based on advice from industry collaborators, wall thicknesses were kept to the traditional 
values of 90 and 110. However, future research will explore a greater range of timber thicknesses.  

Table 2: Built fabric simulation variables 
Area Code Variation - Internal skin to external skin (all dimensions in mm) 

External walls 

Base 10 plasterboard / R2.5 batt in frame / 20 cavity / weatherboard 
W1 10 plasterboard / 90 solid softwood / 20 cavity / weatherboards 
W2 10 plasterboard / 90 solid softwood / 80 insulation / 20 cavity / weatherboards 
W3 10 plasterboard / 90 solid hardwood / 20 cavity / weatherboards  
W4 10 plasterboard / 90 solid hardwood / 80 insulation / 20 cavity / weatherboards 
W5 110 solid clay brick / 80 insulation / 20 cavity / weatherboards 
W6 10 plasterboard / 90 filled concrete block / 80 insulation / 20 cavity / weatherboards 

Internal walls 

Base 10 plasterboard / 90 air space / 10 plasterboard 
W7 10 plasterboard / 90 filled concrete block / 10 plasterboard 
W8 10 plasterboard / 90 solid softwood / 10 plasterboard 
W9 10 plasterboard / 90 solid hardwood / 10 plasterboard 
W10 110 solid softwood 
W11 110 solid hardwood 
W12 110 solid clay brick 

Ceiling 

Base 10 plasterboard / R3.5 batt insulation 
C1 10 plasterboard / 110 solid softwood 
C2 10 plasterboard / 110 solid softwood / R3.5 bulk insulation 
C3 10 plasterboard / 110 solid hardwood 
C4 10 plasterboard / 110 solid hardwood / R3.5 bulk insulation 

Floors 

Base Carpet with underlay / 100 concrete slab / R2.0 insulation 
F1 Carpet with underlay / 110 solid softwood / R2.0 rigid insulation 
F2 Carpet with underlay / 110 solid hardwood / R2.0 rigid insulation 
F3 110 solid softwood / R2.0 rigid insulation 
F4 110 solid hardwood / R2.0 rigid insulation 

Glazing Base Aluminium framed 4/12/4 
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The software used for all thermal performance simulations was AccuRate Sustainability (version 
2.3.3.13 SP1) developed by the CSIRO. AccuRate is the most comprehensive of the three NatHERS 
approved software tools. The three accredited software tools are traditionally used by house energy 
rating assessors to simulate heating and cooling loads, (in MJ/m²perA.), of house designs. As mentioned 
above, each house plan was initially simulated in a ‘base’ form to establish a reference point for all 
further analyses. Each of the built fabric variables were applied through front-end modifications to each 
AccuRate file and each simulation used the specified location-based climate zones, to provide the a total 
energy value for heating and cooling. The simulated heating and cooling energy data was collated and 
entered into Excel spread sheets. The resultant raw data was analysed to establish minimum, maximum 
and average increases and/or decreases in simulated energy use. Box plot graphs were developed 
within Excel, to allow for easy viewing of the relative thermal performance benefit of each built fabric 
variable. After the initial simulations were completed, it became evident that a hot and humid climate 
should also be investigated and a limited number of simulations were completed for one house post-
coded as Cairns, and included the softwood, hardwood, and concrete construction system variables.  

3. Results 

The results are discussed in the following paragraphs. For each location a box plot graph illustrates the 
data and a short paragraph summarises the key findings. At the end of this section there is a summary 
box plot graph for general information only, as key design decisions should adopt climate specific 
findings. In each case the calculated heating and cooling energy from the thermal mass systems are 
compared to the base design simulation data. The amount of improvement is given as a percentage, 
where (thermal mass scenario – base simulation result)/base simulation result. The order of the 
discussion will commence with the coolest climate and finish with the warmest climate.  

3.1. Oatlands (Tasmania) 

The box plot graph for this climate is shown below, in Figure . The placement of thermal mass on the 
floor showed the lowest average thermal performance improvements of 5% and 7% for the softwood 
and hardwood variations respectively. Of the external wall systems, the insulated softwood massive 
timber walls provided the greatest improvement, with an average thermal performance improvement of 
17%. The traditional materials for inside-out construction, clay brick and concrete block provided an 
average improvement of 15%. When massive timber was simulated as partition walls it out-performed 
the traditional mass systems by 3%, with an average thermal performance improvement of 12%. 
However, the greatest surprise was from the simulation of mass in the ceiling, where the simulations 
revealed a 13% improvement from the insulated hardwood variation.  
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Figure 1: Box Plot Graph Oatlands Tas.  Figure 2: Box Plot Graph Melbourne Vic.  

3.2. Melbourne 

The box plot graph for this climate is shown above, in Figure 2. In the mild temperate climate of 
suburban Melbourne the simulations showed the following results. When the thermal mass was 
simulated in the floors, the hardwood system provided the greatest benefit with an average 8% 
improvement in thermal performance. The use of massive timber in the external walls had a very similar 
result to the clay brick and concrete variations with average improvements of 18%, 19% and 19% 
respectively. The placement of thermal mass in the partition walls resulted in average thermal 
performance improvement of 16% for hardwood, 13% for softwood, and 12% for clay brick and concrete 
block. Locating the massive timber thermal mass in the ceilings provided an average thermal 
performance improvement of 15% for both the softwood and hardwood variations.   

3.3. Adelaide 

The box plot graph for this climate is shown below, in Figure 3. The building simulations for the warm 
temperate climate of Adelaide showed the greatest benefit when the thermal mass was located within 
the external wall system. In this scenario the dense mass systems of clay brick and concrete block 
provided an average thermal performance improvement of 24%, whilst the massive timber systems 
provided an average improvement of 20%. The massive timber insulated floor systems provided a 
simulated thermal performance improvement of 3% and 10% for the softwood and hardwood systems 
respectively. The simulation of the partition wall systems provided an average thermal performance 
improvement of 15% for softwood, 17% for hardwood, 16% for concrete block and 17% for clay brick. 
When thermal mass was simulated for the ceiling system, the average thermal performance 
improvements were 17% and 19% for the insulated softwood and insulated hardwood systems 
respectively. 
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Figure 3: Box Plot Graph Adelaide, SA Figure 4: Box Plot Graph Sydney, NSW  

3.4. Sydney 

The box plot graph for this climate is shown above, in Figure 4. Further up the east coast of Australia, in 
the warm temperate climate of Sydney, the simulated use of massive timber has provided an average 
thermal performance improvement of 5% for the exposed softwood system and 14% for the exposed 
hardwood system. In both cases, the carpeted scenario reduced the thermal performance outcome. 
Similar in nature to the Melbourne data, the use of inside-out clay brick and concrete block construction 
systems provided an average thermal performance improvement of 32%, whilst the massive timber 
systems provided an average improvement of 24% for the softwood and 27% for the hardwood 
scenarios. The simulation of the insulated massive timber ceilings provided an average thermal 
performance improvement of 21% for softwood and 24% for hardwood.   

3.5. Alice Springs 

The box plot graph for this climate is shown below, in Figure 5. The results show significant thermal 
performance benefits when thermal mass is included in the hot and dry climate of Alice Springs. The use 
of exposed massive timber as flooring provided an average thermal performance improvement of 4% for 
the softwood and 12% for the hardwood variations. The inside out construction systems provided 
thermal performance improvements of 21% for the softwood, 24% for the hardwood, 30% for the clay 
brick and 29% for the concrete block variations. The simulation of thermal mass in partition walls 
provided a thermal performance improvement of 18% for the softwood, 22% for the hardwood, 24% for 
the clay brick and 22% for the concrete block wall systems. The simulations, which explored the use of, 
insulated massive timber for ceilings show improvements of 19% for softwood and 22% for hardwood.  
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Figure 5: Box Plot Graph Alice Springs, NT  Figure 6: Box Plot Graph Brisbane, QLD  

3.6. Brisbane 

The box plot graph for this climate is shown above, in Figure 6. This warm temperate climate has a much 
smaller diurnal range than Alice Springs or Sydney. The exposed massive timber flooring systems 
provided a thermal performance improvement of 6% and 14% from the softwood and hardwood 
systems respectively. The inside-out wall systems provided improvements of 19% for softwood, 20% for 
hardwood, 24% for clay brick and 25% for concrete block. The use of thermal mass in the partition wall 
systems provided average thermal performance improvements of 12% for the softwood, 15% for the 
hardwood, 19% for clay brick and 17% for the concrete block scenarios. The simulated use of insulated 
massive timber as a ceiling system provided an improved thermal performance of 17% for the softwood 
and 19% for the hardwood variations.  

3.7. Softwood, Hardwood or Concrete 

Based on the findings from the above data, a simplified model of House 3 was established. In the 
research above, House 3 often provided the best fit to the average data. The house was simulated as ‘all 
softwood’, ‘all hardwood, and ‘all concrete’. The design was simulated in the Oatlands, Alice Springs, 
Brisbane and Cairns climates. A Summary of the simulation results is shown in Table 3, below. Aside 
from showing some benefit from using softwood as thermal mass in Cairns, the data from these 
simulations, when combined with the entire simulation data set shows a distinct pattern of heavy mass 
benefits in some climate types and the lighter softwood thermal mass other climate types. The 
softwood systems seem to provide a better thermal performance result in climates where the 
temperatures spend a greater amount of time outside the standard human comfort bandwidths.  

Table 3: Softwood, hardwood or concrete 

Location Base (MJ/m²A) All softwood All hardwood All concrete 

Oatlands  162 106 34.6% 112 30.9% 132 18.5% 

Alice Springs 197 105 46.7% 94 52.3% 107 45.7% 

Brisbane 79 57 27.8% 55 30.4% 58 26.6% 

Cairns 200 185 7.5% 189 5.5% 194 3.0% 
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3.8. Averaged results 

This amalgamation of data was conducted to establish if there were any general trends that could be 
identified. The box plot graph shown below, in Figure 7, does present some interesting information. 
Firstly, that the use of thermal mass in flooring appears to provide the least effective improvement. The 
insulated massive timber softwood (C2) and hardwood (C4) ceiling system provide a significant thermal 
performance improvement. The hardwood massive timber inside out constructed external wall system 
(W4) provides a very similar thermal performance benefit as the clay brick (W5) and concrete block (W6) 
external walls. All of the internal partition wall systems, massive timber, clay brick and concrete block 
walls, provide comparable thermal performance improvements.  

 

4. Discussion 

 Generally, the simulation results show here, the massive timber systems provide a very comparable and 
at times, a better thermal performance result. However, there are some distinct trends that appear to 
exist. The 110mm solid hardwood ceiling system generally provided the best thermal performance 
improvement of 19.1%, which is very evident when compared to floor systems with an average 
improvement of 11.1%. Nonetheless, a massive ceiling system requires a significant change in 
construction practices. The hardwood partition wall system shows an average thermal performance 
benefit of 17.7% and could be readily applied to existing building designs with a much smaller structural 
requirement than the clay brick or concrete block alternatives.  Previous research has discussed the use 
of a 100mm concrete slab ceiling system which found up to a 39% reduction in simulated energy needs 
for heating and cooling in the Melbourne climate (Slee et al., 2014b). However, the building modelled 
had an unrealistically small glass to floor area ratio. In this research the simulated use of the 110mm 
massive timber ceiling system provided up to a 27% reduction in heating and cooling energy needs in 
the Melbourne climate, from standard volume builder house plans. The results in this research 
correlates with previous published simulation results, where the 110mm solid softwood partition had an 
average improvement of 12.3% in the cool temperate Tasmanian climate (Dewsbury, 2012b; 2013b). 
Similarly research in New Zealand has found potential energy improvements with the use of 90mm solid 
wood internal partition walls in Auckland and Christchurch (Bellamy and Mackenzie, 2007). 
Furthermore, the data hints at distinct thermal type patterns that may exist relative to particular 
climates. But this may be more about the right sizing of thermal mass relative to the energy inputs. This 

Figure 7: Average of all simulation results  
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is best shown by the improved thermal performance of the softwood systems, when compared to the 
hardwood systems in Oatlands, Brisbane and Cairns.  

This research has focused on six climate types. To gain a deeper understanding and allow for an 
informed discussion with the wood products and the design and construction industries, these concepts 
need to be tested in many more climates within Australia. Additionally, one must be wary, as the 
simulation tool is simulating an indirect gain system. If a house is operated as an active gain solar 
passive system, the results may differ. However, many researchers have discussed that passive solar 
houses are often not managed as designed, resulting in a significantly different outcome. Finally, these 
findings need to be investigated and validated empirically.  

5. Conclusion 

The thermal performance simulations in this research demonstrated the benefits that may be 
achieved when massive timber systems are used as effective thermal mass. The hardwood timber 
variations provided comparable or better thermal performance results than conventional thermal mass 
materials in the internal walls, ceiling and floor systems across most climates. While the traditional mass 
materials of clay brick and concrete block did record higher improvements when used as the lining on 
external walls, the timber variants provided very comparable results. However, the benefits of massive 
timber while not yet fully understood cannot be forgotten; light in weight when compared with 
concrete, easier to recycle, retrofitting potential, a complete structural system, only requires simple 
tools for construction, environmentally responsible (FSC approved timber sources and high carbon 
capacity), opportunities for a new industry within regional Australia, and as this research has shown, its 
capacity to provide effective thermal mass in a range of Australian climates. However, more research 
needs to occur, which would include the simulation of a larger sample of house types and climates 
within Australia and elsewhere, the use of thicker massive timber systems and the empirical validation 
of an improved thermal performance.  
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