


The case for research

In recent years there has been growing world-wide concern for energy 
conservation, the reduction of greenhouse gases and sustainability.

In Australia, it is estimated that 39% of the end energy usage in domestic 
buildings is used for space heating and cooling (AGO 1999).

Designing and constructing an energy efficient house has the potential to 
substantially reduce the amount of energy consumed.

Thermal research has been undertaken and the key findings are:

  The lightweight building was the worst performing in all seasons

 Brick veneer performs better than lightweight

 The insulated cavity brick performed the best

   Thermal mass in floors alone is not sufficient to reduce extremes  
in temperature

  There is no correlation between the R-Value of a wall and energy usage 

 R-Value is not the sole predictor of thermal performance

  
 
These findings are supported by the data presented in this document and in the 
full research report “A Study of the Thermal Performance of  Australian Housing” 
available at www.thinkbrick.com.au. 

Research conducted by Think Brick Australia in 
conjunction with the Faculty of Engineering and the 
Built Environment at the University of Newcastle.
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A Study of the Thermal Performance  
of Australian Housing

In 2002 Think Brick Australia (formerly The Clay Brick & Paver Institute) 
embarked on an eight year thermal research program, in collaboration with 
The University of Newcastle’s Faculty of Engineering and Built Environment, to 
understand the role of clay masonry in achieving sustainable design. To date, 
the research has proven clay brick is a superior building material in producing 
thermally comfortable, energy efficient environments for people to live, work 
and play.

The first phase of the research is complete and is contained in a report published 
by the University of Newcastle in June 2011. This comprehensive report  is 
available for download at www.thinkbrick.com.au. 

The research project comprised the following strands:  

Strand 1 – Thermal resistance testing of the following walls in a guarded hot box:

1. Insulated brick veneer

2. Cavity brick

3. Reverse brick veneer

4. Insulated lightweight

5. Insulated cavity brick
 
Strand 2 – Full scale 6m x 6m house module tests with comprehensive data 
capture.

Strand 3 – Development of thermal modelling software NUMBERS.

Strand 4 –Investigation of the effect of varying the distribution of thermal mass 
throughout a building.

This document sets out to describe the research methodology and summarise 
the key findings of the above work to date. Further updates will be made 
available to industry as new data comes to hand.
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What is energy efficiency  
and how do we achieve it?

An energy efficient home is a building which provides a high level of thermal 
comfort without an over reliance on artificial heating and cooling, as well as 
adequate lighting and ventilation.

Passive design features make the difference

Passive design is energy efficient design which makes the most of local conditions 
to make your home more comfortable while reducing your bills. Passive design 
costs no more when included at the planning stage. Good passive design uses 
natural heat from the sun and natural night-time cooling to keep your home at 
a comfortable temperature year round. It can significantly reduce the need for 
expensive mechanical heating and cooling.

The interaction of passive design features is illustrated in Figures 1 & 2 and the key 
considerations are:

•	Orientation and solar access

•	North-facing shaded glass

•	Sealing and ventilation

•	 Insulation

•	Thermal mass 
 
It is important to tailor the passive design features to each climate. For example, 
in southern parts of Australia, prominent north-facing shaded windows with 
eaves that overhang permit the entry of winter sun and restrict summer sun. 

On the other hand, in northern Australia, large eaves around a building and well 
designed ventilation will help keep the building cool. 

Well designed properly sealed doors and windows allow cross-ventilation in 
summer and restrict air and heat leakage in winter.

 
Figure 1 Principles of passive solar design – Winter

 
Figure 2 Principles of passive solar design – Summer
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The importance of thermal mass in 
building design

Thermal mass is the ability of a material to retain heat energy when subjected 
to a temperature differential. Clay brickwork and concrete floors have relatively 
high thermal mass.

In summer, a high thermal mass wall can reduce the transfer of heat by 
absorbing the heat energy flowing in from the outside. This process is slow and 
results in a delay called thermal lag. The capacity to absorb large quantities 
of heat energy for a small rise in temperature combined with the thermal lag, 
effectively increases the R-value performance over the complete day-night cycle. 

Maximum external air temperature is usually reached between noon and 2pm. 
A lag of six hours, which is typical for brick construction, means the maximum 
heat flow would not reach the interior until six hours later. By then external air 
temperature will usually have dropped and thermal flow will reverse, allowing 
the building to cool for the following day.

Thermal mass should be incorporated not only in external walls but in other 
areas as well. 

•   A concrete slab is an essential part of the equation as it increases mass 
significantly.

•  Solid partition walls, as opposed to stud walls, will also add 
significantly to the mass.

 
The BCA acknowledges the contribution of the mass of a cavity brick wall to 
its thermal capacitance by including a deemed-to-comply provision for clay 
masonry construction. The BCA  provides concessions in the level of insulation 
required for external walls with a surface density greater than  220 kg per square 
metre. Put simply:

•  Cavity brickwork which is greater than 220kg/m2 combined with 
concrete slab-on-ground or masonry internal walls require significantly 
less insulation (requirements for shading and glazing).

Research Methodology

The research project involved the construction and monitoring of four full  
scale test buildings (6m x 6m) constructed in cavity brick, brick veneer, 
lightweight and reverse brick veneer as shown in Figures 3 and 4. The buildings 
were slab-on-ground and  constructed with an independent roof system which 
allowed the walls to be changed over time.   The influence of factors such as wall 
insulation, windows, roof type, curtains, carpet, room ventilation and internal 
walls were also studied.  

The buildings could be free floating or artificially controlled to maintain the 
temperature within a set range with the heating and cooling requirements 
being measured.  Each of the buildings had a total of 105 sensors installed to 
monitor internal and external conditions as well as temperature and heat  
flux gradients through each wall, roof and floor. The data was recorded every  
5 minutes for 24 hours per day to establish year round thermal response.

Figure 3 Brick test building modules 
at The University of Newcastle

Figure 4 Lightweight test building 
module at The University of Newcastle
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How does brick perform?

When the buildings were without windows the wall thermal mass and 
accompanying thermal lag played a key role in limiting the magnitude and 
timing of the maximum and minimum internal temperatures. The effects of 
the high and low external temperatures were improved and the magnitude of 
the daily swings reduced. Cavity brick and brick veneer reduced the effect of 
solar radiation to varying degrees by releasing the heat stored in the external 
brick wall back to the outside environment, thereby reducing the net heat flux 
entering through the wall.

The study found that a large portion of the heat is reflected 
and radiated back to the external environment by the exterior 
surface of the brick and does not come into the internal space. 

The plots also show that significant amounts of the heat stored in the wall are 
released back to the exterior environment at night. This is demonstrated in Figure 5. 

  
Figure 5 Heat flow through the west wall of the cavity brick building

This plot shows the dramatic difference in heat flux levels between the exterior 
and interior surfaces due to the heat absorption by the bricks and the effect of 
the cavity. 

This plot is simplified graphically in Figure 6. This illustrates the amount of heat 
energy on the surface of the west wall is 700-900 W/m2 which falls to about 200 
W/m2 entering the external wall. The attenuation of heat reduces to 50 W/m2 
passing across the cavity, with finally only 5-6 W/m2 of heat energy on average 
passing into the internal space.

 
Figure 6 Heat flux through west walls in summer  
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The study indicated that the amount of heat energy penetrating the west wall 
was minuscule. However, there was a significant volume of heat flux entering 
through the window as shown in Figure 7.

 
Figure 7 Typical maximum heat flux for north facing window for September

The heat flux entering the building through the window is significantly greater 
than the heat flux entering through the walls.

Comparison to lightweight construction

The insulated lightweight test building has a high thermal resistance (R-Value) 
with no thermal mass in the walls.  However the building is slab-on-ground so it 
does provide thermal mass in the floor.

The research found that the insulated lightweight module 
exhibited greater variations in internal temperature and little 
thermal lag. 

It had an internal daily temperature swing of more than twice 
the insulated cavity brick during hot conditions.

 
During a heatwave in January 2006, where temperatures reached 46.7°C, the 
benefit of thermal mass was fully realised. The results are shown in Figure 8 and 
demonstrate that the lightweight module spent approximately 8 hours above 
30°C while the insulated brick module did not reach 30°C. The peak temperature 
of the day was reached at approximately 5.15pm and the peak temperature in the 
lightweight building was reached at 5.30pm. The temperature profile inside the 
lightweight building corresponds with the outside temperature. In contrast the 
insulated cavity brick building reached it’s peak temperature of 29°C at 
approximately 10.00pm demonstrating the time in the transmission of heat lag 
provided by the cavity brick walls.

This important observation confirmed that although insulated lightweight 
walls reduce the amplitude of heat entering the building they do not provide 
any thermal lag. In comparison the lag time provided by the cavity brick walls 
delays the maximum temperature to later in the evening. 

As the chart in Figure 8 shows, the lightweight module was subject to greater 
temperature variations than the insulated cavity brick module over the same 
period. This variance can only be attributed to the greater thermal mass of the 
cavity brick module, as both walls have similar R-values.
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Figure 8 External and internal air temperatures for lightweight  

and insulated cavity brick modules, January 2006

 
The lightweight module responds directly to the external environment with a 
rapid increase and reduction in temperature due to it’s low thermal mass.  The 
lightweight walls immediately transmitted heat into the module when solar 
radiation was incident on the external surface.

The lightweight module exhibited no properties with the 
potential to assist in maintaining adequate thermal comfort. 
The lightweight module had the highest temperatures during 
the day and the daily swing was also consistently the highest.

 
The energy consumption in the lightweight module needs to be high to counter 
the large daily temperature swing.

Reverse brick veneer – the facts

The lightweight test building was converted to reverse brick veneer 
construction in October 2008. 

Once the brickwork was added to the test building, the performance improved 
considerably due to the presence of the internal brickwork skin providing 
thermal mass. Figure 9 shows the response of the four brick modules to typical 
summer conditions and similarly, Figure 10 for winter conditions. Effectively  
the opposite of the brick veneer module, and having similar overall R-Value,  
the reverse brick veneer had a more stable and comfortable temperature range. 
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Figure 9 External and internal air temperature profiles in summer
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Figure 10 External and internal temperature profiles in winter

Although the internal brickwork skin improved the performance of the test 
building, the lack of thermal mass in the external skin meant that the insulated 
cavity brick system performed better.  

The insulated cavity brick required less energy than the 
reverse brick veneer to maintain the internal temperature in 
the comfort zone.

 
Figure 11 shows the heating and cooling demands of the four test buildings 
showing that the insulated cavity brick performed the best. 

 
Figure 11 Combined Total Energy Consumption – all seasons

Insulated reverse brick veneer had a similar performance to insulated cavity 
brick in free-floating conditions, but its energy consumption was not quite as 
low under controlled conditions. Nevertheless, insulated reverse brick veneer 
performs much better than insulated lightweight building.

The additional thermal mass in the external skin of brickwork in the insulated 
cavity brick building provided increased dampening of the external conditions.  

The external brick skin removes the environmental impact 
on the internal mass further isolating this from the external 
conditions.
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Brick partition walls

Additional research was conducted by introducing more thermal mass in the 
form of internal walls. A key finding of the modelling was that brick internal 
partition walls play a significant role in regulating internal temperatures and 
reducing the energy demand of artificial heating and cooling. For the  
6m x 6m modules comprising slab-on-ground, significant north wall glazing,  
the following reductions in energy consumption were shown when internal 
brick walls were added:

• Insulated cavity brick – 6%

• Insulated reverse brick veneer – 8%

• Insulated brick veneer – 30%

• Insulated lightweight  – 20%
 
Significant energy reductions were noted for the insulated brick veneer and the 
insulated lightweight with the addition of brick partition walls. The effect of the 
additional thermal mass is less prominent when external wall configurations 
have an internal masonry leaf because, as previously discussed, they are already 
benefiting from lower energy demand from their thermal mass.

The R-Value – is it the right measure?

Another issue highlighted by the research is a deficiency in using the thermal 
resistance value, or R-value of the wall, to measure the thermal efficiency of a 
building.

During a hot spell in February 2004, the data from the brick veneer and 
cavity brick buildings indicated that the “greater mass of cavity brickwork 
construction reduces the internal day-night temperature swing when compared 
to the insulated brick veneer despite the latter form of construction having a 
higher thermal resistance value”, see Figure 12. 

 
Figure 12 External and internal air temperatures for cavity brick  

and brick veneer buildings, February 2004

 
The thermal mass of clay bricks provides a time delay for heat transfer through 
the walls known as thermal lag. This is demonstrated in Figure 12.

It can be seen that high density walling materials do not fare well when 
assessed purely on the criteria of “R-value”, however, when assessed on thermal 
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capacitance clay bricks outperform their lightweight counterparts. It is for 
this reason that clay bricks are thermally more effective than the R- value alone 
would indicate.

Figure 13 shows the energy consumption for spring conditions demonstrating 
that the insulated lightweight building required a greater amount of heating 
and cooling despite its high R-value.

The insulated lightweight (R 1.51) with over three times the R-value of cavity 
brick (R 0.44) used over three times the energy to maintain the temperature 
in the comfort zone. 
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Figure 13 Total energy consumption, October 2007 

It is clear from the research that to obtain a true indication 
of thermal performance, account must be taken of the 
performance of the building as a complete system rather than 
considering the thermal resistance of the walls alone.  

Roof insulation – more  
important than we thought!

The incident solar radiation on the exterior building surfaces in summer is 
shown in Figure 14. The maximum amount of solar radiation is received by the 
roof and is in the order of 1000W/m2. The radiation falling on the north wall 
is low due to the higher solar altitude and is further attenuated by the eave 
providing shade on the wall. 

 
Figure 14 Solar radiation on the exterior building surface, February 2004

The solar radiation levels in Figure 14 highlight the duration of time that the 
roof receives heat gain. That is, the roof receives over twice the amount solar 
radiation when compared to the east and west walls. 

In summer, the temperature of the roof surface exceeds 60°C for nearly seven 
hours a day. 

This is demonstrated in Figure 15, which also shows the corresponding 
temperatures for the air space in the ceiling, above and below the bulk 
insulation and the internal room temperature.
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Figure 15 Roof temperature for cavity brick building, 20 February 2004

The research indicates that the elevated temperatures measured in the roof 
space demonstrate the value of roof insulation and the need to focus greater 
resources in this area of construction.

The effect of glazing

The performance of the building was influenced by the heat entering the 
window. 

The incoming solar radiation via the window becomes the dominant driver for 
the internal temperature. This is shown by the daily peaks in Figure 16. 

 
Figure 16 Internal and external air temperatures for the cavity brick  

building with north facing window in winter

 
Note that the maximum internal air temperature coincides with the peak 
external temperature.

The heat exchange occurring through the window for both winter and summer 
conditions is shown in Figure 17.
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Figure 17 Heat exchange via the window for cavity brick  
building with north facing window

In winter the peak incident solar radiation falling on the north-facing window is 
in the order of 800W/m2 with 500-600W/m2 entering the building.

At 3pm the heat entering via the window, decreases 
sharply and coincides with the observed drop in 
internal air temperature. 

 
In summer due to the higher solar altitude no direct solar radiation is observed 
on the north face of the building, but the reflected and diffuse radiation still 
enters the building. 

The diffuse radiation enters the building throughout 
the day, from 6.30am until 7.30pm, and peaks in the 
order of 120W/m2 at 12.30pm.

 
The Australian Glass and Glazing Association has stated that in summer, 87 % of 
heat enters a building through ordinary clear glass windows and conversely in 
cool climates 55 % of heat is lost through the windows.

The amount of solar radiation entering through the window is beneficial in 
winter when this heat energy can be stored by the thermal mass of internal 
brick walls and the concrete slab. 
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 Figure 18 Heat exchange via the slab for cavity brick building with  
north facing window

The heat exchange via the slab in the test buildings under summer and winter 
conditions is shown in Figure 18. 

The area of the slab receiving direct solar radiation absorbs approx. 210W/m2 of 
incoming flux in winter. The heat stored by the slab is then released back into 
the air space at a steady 30W/m2 from 3pm to 7am as the room temperature 
drops. 

 
 
This reduces the amount of artificial heating required to maintain comfortable 
temperatures.

The research shows that thermal mass not receiving direct solar radiation 
still absorbs indirect radiation which contributes to the heat released in the 
evening. 

In winter, the thermal mass of the brick walls and concrete 
slab have the ability to store heat and then release it in the 
evening.

 

In summer, the thermal mass acts to absorb heat from the 
room due to its large heat storage capacity.
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Conclusion

Results prove that the use of thermal mass levels out the temperature swings 
during the heat of summer and the cold of winter.

This is important as the building does not need the same level of artificial 
cooling during the peak electricity demands of summer as other forms of 
construction. This results in greater comfort for the building occupants and less 
frequent use of air conditioning.

In conclusion:

The lightweight building was the worst performing in all 
seasons

Brick veneer performs better than lightweight

The insulated cavity brick performed the best

Thermal mass in floors alone is not sufficient to reduce 
extremes in temperature

There is no correlation between the R-Value of a wall and 
energy usage 

R-Value is not the sole predictor of thermal performance

 
Clay bricks have been used for thousands of years and have stood the test  
of time. 

Made from inert natural ingredients clay bricks provide excellent durability, 
unsurpassed life cycle, and low maintenance. 

Bricks have demonstrated superior levels of thermal comfort for energy  
efficient and sustainable design, without resorting to artificial heating  
and cooling.



Clay bricks have been 
used for thousands of 
years and have stood  
the test of time. 

For more facts on  
why brick is best visit  
www.thinkbrick.com.au
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