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ABSTRACT: The recent 2010 update of the Building Code of Australia (BCA) increased the energy 
efficiency requirements for all new commercial and residential buildings. The revised Code sets more 
stringent requirements for all elements covered by the deemed-to-comply provisions, for example, 
thermal resistance requirements for roof/ceiling, wall and floor elements. The BCA  2010 specifies the 
required R-value for walls as a function of location in relation to climate but also allows for modification 
of this value for walls of higher thermal mass, however the reasons or logic for these ‘thermal mass’ 
allowances have never been documented by the Australian Building Codes Board (ABCB).  The first 
part of this paper investigates the background and provides possible explanations for the allowances. 
The likely effectiveness of these wall provisions are then assessed using the AccuRate thermal 
performance computer software.  Variations in construction are tested to ascertain the resulting effects 
on the proposed m-factor.  The paper concludes with a summary of findings and suggests that the 
methodology could provide a basis for future editions of the BCA.  Further research will include 
sensitivity testing the methodology and applying it to different construction configurations.  
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INTRODUCTION 
It has been long understood that thermally massive building elements reduces the instantaneous heat transmission 
under transient conditions.  The Australian Government’s Your Home Manual (DCCEE, 2010) says “Appropriate use 
of thermal mass throughout your home can make a big difference to comfort and heating and cooling bills” and 
further “Thermal mass is particularly beneficial where there is a big difference between day and night outdoor 
temperatures.”  Building regulations based only on the steady-state R-value (or U-value) of elements do not account 
for this effect. 

During the 1970s the Masonry Industry Committee (MIC)1 in the USA developed the m-Factor concept to account for 
the mass effect in exterior walls of buildings (MIC, 1976). The m-Factor provided a correction to conventional steady-
state heat flowthrough massive building elements.  By the late 1970s the m-Factor had found its way into a number of 
codes and standards in the US, including ASHRAE Standard 90-75 Energy Conservation in New Building Design.  

The recent 2010 update of the Building Code of Australia (BCA) increased the energy efficiency to a so called 6 Star 
energy rating or equivalent for new residential buildings, and as well requires a significant increase in the energy 
efficiency requirements for all new commercial buildings. In addition the energy efficiency objective, functional 
statements and some performance requirements have been revised to recognise that the goal is greenhouse gas 
emission reduction rather than energy efficiency per se.  The revised Code sets stringency requirements for all 
elements covered by the deemed-to-comply provisions, for example, thermal resistance requirements for roof/ceiling, 
wall and floor elements.  Earlier versions of the BCA specified the required R-value for walls as a function of the 
climate zone (see Figure 1) and also, in what seems like an echo of the m-Factor method, allowed for modifications 
of this value for walls of higher thermal mass and/or when shading was provided.  BCA 2010 continues with allowable 
R-value modifications for heavyweight elements with a surface density greater than 220 kg/m2, albeit expressed a 
little differently. The reasons or logic for these ‘thermal mass’ allowances have never been documented by the ABCB, 
in fact a senior officer within the ABCB has told the authors the allowances were “ more politics than science  It was 
about getting significant sections of the industry [for example, cavity brickwork construction] over the line.”2 

                                                             

1 The Masonry Industry Committee consisted of a consortium that included Brick Institute of America, National 
Concrete Masonry Association and Portland Cement Association. 
2 Private communication 
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The development of a robust method to account for 
the thermal mass effect has remained somewhat the 
Holy Grail for those involved with thermally massive 
building construction.  For example, a recent 
publication by Think Brick Australia ‘Wasting Energy” 
(Think Brick, 2009A) and their comments on the 2010 
BCA proposals (Think Brick, 2009B) argue for the 
adoption in the BCA of R-values based on something 
like the m-Factor .  Based on unpublished research 
work from the University of Newcastle, it is suggested 
that a medium weight category for external walling 
(with a surface density of between 150kg/m2 and 
220kg/m2and requiring a minimum total R-value of 
2.8) be introduced so as not to “adversely impact the 
clay brick market”. 

The aims of this paper are first, to investigate 
scientific background that may offer a possible 
explanation for the mass allowances as they appear 
in the BCA and then using the AccuRate thermal 
performance computer software explore a 
methodology to assess the likely energy performance 
of massive wall construction systems.

 

 

Figure 1: BCA Climate Map 

 

1. BACKGROUND 
The development of the m-Factor method was done on behalf of the MIC by Hsing-Chung Yu working in a firm of 
consulting engineers Hankins and Anderson Inc. (Yu, 1978).  

The m-Factor was defined as 

                                                Eq (1) 

Where,  Q’ = the instantaneous heat flux through a wall calculated by computer program at a specific time 

 Q = heat flux through a wall calculated by the steady state method, calculated as UA(Ti – Tdesign) 

Yu used subroutines from the dynamic thermal simulation computer programNBSLD (developed by Tamami (Tom) 
Kusuda at the US National Bureau of Standards) to determine the value of Q’ which he took to be the average 
January heat flow through the wall elements at 8am. This time was assumed to represent the most critical time for 
heating during the year. 

The derived m-Factor chart (converted to SI units) is given in Figure 2 shown as a function of Heating Degree Days 
(HDD). It shows that the m-Factor correction is less in areas having large heating degree day values.  To understand 
how this concept might be translated to Australian conditions Table 1 shows, in approximate terms, the HDD for 
several BCA climate zones. It can be seen that as a rough guide applying the concept across climate zones 4,5, 6 & 
7 for constructions with a surface density that exceed 220 kg/m2 an m-Factor of 0.82 would be a reasonable guess.  
In other words, if the concept were robust, multiplying a required steady-state R-value of a wall by 0.82 will give an 
effective R-value so that its performance is the same as a “weightless” wall. 

 

Figure 2: Mass Factor ‘m’ vs Heating Degree Days (HDD) 
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Table 1: Approximate Heating Degree Day for Selected BCA Climate Zones 

Climate Zone HDD 
4 700 
5 500 
6 850 
7 950 
8 1450 

Note: Refer to Climate Map Figure 1 for Zones. 
 
The validity of the m-Factor method was, however questioned by a number of authors because of the empirical basis 
of its development.  A conference paper by Godfrey, Wilkes and Lavine (1979:50) concludes “the m-Factor, as 
defined by Yu, has been shown to be without technical justification” and recommended that “reference to the m-
Factor method in codes and standards be deleted”.  A larger study by Childs (1980) prepared for the US Department 
of Energy reached the same conclusion. 

In 1983 the US Oak Ridge National Laboratory (Childs, Courville, & Bales 1983) conducted research aimed at 
addressing the controversy regarding building mass and energy consumption for heating and cooling, and in 
particular Building Code requirements. They investigated a number of techniques suggested for taking into account 
the beneficial effects of mass (including the m-Factor).  They found no simple theoretical way of accounting for the 
mass effects because the heat flow through individual elements was dependent inter alia on form of construction, 
orientation, colour, building use pattern, thermostat settings and climate. They did find, however, that in addition to 
the effect on energy consumption mass also affected on peak loads, equipment cycling, thermostat setback, and 
importantly it could have a beneficial effect on overall comfort. 

Despite these adverse findings defenders of the method maintained their claim that the results agreed with actual 
experienceand the method continued to feature in prominent reference works (Hunn 1997) 

2. THE BUILDING CODE OF AUSTRALIA 
The BCA is divided into two Volumes. Volume One covers all classes of building apart residential buildings which are 
dealt with in Volume Two. In both Volumes deemed-to-comply provisions for wall elements are varied according to 
the building’s location within one of eight climate zones, as shown in Figure 1. 

Section J in Volume One of the BCA 2010 allows a reduction in the R-value of walls with a surface density of not less 
than 220kg/m2.  The reduction is R0.5 from a total R-value for climate zones 1 & 2 of R3.3 and the same reduction 
from a value of R2.8 in climate zones 3, 4, 5,& 6. There are no high mass wall concessions for climate zones 7 and 8. 

In Volume Two the minimum required basic R-value for a wall system is R2.8 for climate zones 1, 2, 3, 4, 5, 6 and 7 
and R3.8 for climate zones 8, however these values may be modified or other allowances made in the case where 
the wall is shaded or has a surface density not less than 220 kg/m2

. The options are generally in the form of 
packages of construction requirements that must be fulfilled. This contrasts with the approach in Volume One where 
conditions for reducing the default minimum Total R-Value can be applied singly or in combination. 

A prominent dispensation is that generally for climate zones 1 to 7 (if other criteria relating to glazing performance 
and internal thermal mass are satisfied) the minimum required R-value of added insulation is reduced to R0.5 or R1.0 
depending on these other conditions. For climate zone 8 there is no allowance for high surface density walls. The 
only reasoning behind these adjustments is given in the Information Handbook that accompanies the Volume Two. It 
says in the energy-efficiency section, 

Walls that achieve a surface density greater than 220kg/m2 are considered to be high mass, which slows heat 
movement into and out of the building and can act to moderate temperatures inside the house.  

Changes to the required R-value are permitted when a wall is shaded. In Volume One the reduction is either R0.5 or 
R1.0 depending on the degree of shading. In Volume Two for climate zones 4, 5 & 6, no R-value is specified 
providing the wall is shaded and the external glazing is modified in area or U-value. Again, the reasoning behind 
these allowances is suggested in the Energy Efficiency Provisions for the BCA 2006 Volume Two Information 
Handbook (2006), but not really explained; 

[An] … example of this is shading which, by keeping the sun off the building walls, reduces the heat build up.  

Because the Volume 2 provisions are somewhat more complex the following discussions refer generally to Volume 1 
provisions. 
In Volume One for Climate Zones 1,2 & 3 the required R-value may be reduced by 0.5 corresponding to an m-Factor 
of 0.85 and the allowable reduction from the required R2.8 in Climate zones 4,5 & 6 has an m-Factor equivalent of 
0.82. 
 
3. INVESTIGATIONS 
In order to understand the implications of the BCA allowances for thermal mass a number of investigations were 
conducted.  These are set out in this section of the paper. 
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4.1 Test Building and Simulations 
Simulations of whole buildings involve complex input 
and it can be difficult to determine the impact of 
different factors.  In order to try and narrow down 
some of the differences a BESTEST type building 
model was developed for the testing. This model is 
essentially a square single zone “building” 2.7m high.  
Four plan area variations were used including 8*8, 
12*12, 16*16 and 32*32.  Figure 3 shows a diagram 
of the 8m *8m test building. The basic model consists 
of a concrete slab-on-ground, flat ceiling with R3.0 
insulation, external walls initially with insulation as 
specified for the location and standard aluminium-
framed windows with glazing 3mm clear (U=7.32, 
SHGC=0.77) and 45% opening.  The windows were 
equally disposed in the four facades with a total area 
corresponding to 18.75% of the floor area.  
Occupancy profiles and thermostat controls, etc were 
set to conform to a Class 5 “Office” type building. 

 
Figure 3 : Basic BESTEST Building Model, 8m*8m 

 

All simulations were conducted using the CSIRO 
AccuRate energy simulation software for buildings 
version 1.1.4.1.  MsDOS batch routines were written 
to performance the many AccuRate runs and data 
manipulations.  These batch programs employed the 
sed text file editor to alter as required the AccuRate 
“Scratch” file that holds input data to the 
computational engine.  As part of the batch 
procedures a Fortran routine was written to 
interrogate the various output files and write the 
required data to a *.csv file for analysis. 

To investigate the effect of walls with different surface 
density a simple concrete sandwich panel wall was 
assumed in all simulations. This wall shown in Figure 
4 consists of an outer cladding, extruded polystyrene 
insulation and an inner layer.  The dimensions of the 
layers were adjusted to get a series of surface 
densities and the thickness of insulation adjusted to 
produce an overall required R-value. 

In each series of AccuRate runs the “base-case” 
lightweight wall consisted of 20mm external and 
internal layers of concrete with the thickness of 
insulation set to provide a wall with the required R-
value. 

 

Figure 4 : Concrete Sandwich panel Wall 

 

4.2 The Mass Effect 
Initial simulations studied the effect of mass on the annual energy loads estimated by AccuRate. These were 
conducted for a number of locations representative of the BCA climate zones.  In each case the thickness of the 
polystyrene insulation was modified so that the R-value of the wall was constant at that required by the BCA (either 
R2.8 or R3.3).  The starting or base building had a plan area of 8m*8m.  The first results are shown in Figure 5 
expressed as a reduction in total energy load from the base-case lightweight wall building.  It is clear from these 
results that increasing the mass of the external walls (all other variables remaining constant) can produce a 
substantial reduction in the total energy load.  The effect is greatest in climates (e.g. Mildura & Longreach) where 
both summer and winter seasons are prominent.  This can be seen in Figure 6 when the heating and cooling loads 
are disaggregated for Melbourne and Mildura locations.  The mass effect in Mildura is greater in both absolute and 
percent measures. 

A number of variations from the base building were tested. One of the main effects resulted from a change in floor 
area. As shown in Figure 7 an increase in the floor area results in a decrease in the energy load normalised by the 
floor area (MJ/m2), but of course a resulting increase in total energy consumption.  Other changes, for example, 
improving the window quality to double glazing (U=3.58, SHGC=0.68) shown in Figure 8, and shading the walls as 
discussed below had effects on the total energy load. 
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Figure 5: Surface Density v Reduction in Total 
Energy Load for various Locations. 

 

Figure 6: Surface Density v Energy Load 
(heating& Cooling), Melbourne & Mildura 

 

Figure 7: Surface Density v Energy Load, Effect of 
Floor Area 

 

Figure 8: Surface Density v Energy Load, Effect of 
Improved Window 

 

4.3. Shading Effect 
As described above the BCA gives concessions in terms of reduced R-values for heavyweight walls depending the 
shading provided.  To assess the validity of these concessions simulations were performed with two shading 
configurations (along with the unshaded case), 720mm eaves corresponding to a 15 degree shading angle as 
specified in the BCA, and2700mm eaves all round corresponding to a 45degree shading angle.  The results for 
Adelaide and Brisbane are shown in Figures 9&10. 

 

Figure 9: Effect of Shading on Energy Load - 
Adelaide 

 

Figure 10: Effect of Shading on Energy Load - 
Brisbane 
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One first inspection these results may seem unexpected, especially the increase in total load when a wide shading 
advice is applied in Adelaide, and the relative ineffectiveness of the narrow shading device in both locations.  An 
examination of the output details however provides possible explanations.  First, the Adelaide results are heating 
dominated; the narrow shading device still allows winter sun penetration, especially for the east and west facing 
windows in both winter and summer, meaning little overall effect.  With the wider shading there is very little solar 
penetration in winter or summer.  The cooling load decreases, but because there is no sun penetration there is a 
considerable increase in the heating load.  Similarly in Brisbane, which is cooling dominated the narrow shading 
device has very little net effect, but the wider one provides effective shade and leads to a reduced cooling load (and 
therefore total load).  These results illustrate the difficulties of predicting the net results of different scenarios in 
temperate climates. 

4. THE NEWm-FACTOR 
The data presented above shows that thermally massive walls may be used to advantage in reducing the estimated 
overall energy load.  Assuming that Building Code “basic” R-value requirements in effect apply to lightweight 
construction then an adjustment to these values would seem possible so that the total energy load is constant.  A 
new m-Factor may therefore be defined so that, 

                                                                               Eq (2) 

Where,  R’ = R-value determined for massive construction at constant Q 

R  = R-value specified in BCA for location 

Q  = energy load (MJ/m2) estimated for wall with R 

The values of m were determined by the following method.  First, the value of Q (the total energy load) was 
determined by AccuRate simulation for an assumed lightweight wall construction. Then a higher surface density wall 
was “constructed” by increasing the thickness of the internal sandwich panel layer.  Simulations were then performed 
decreasing the thickness of the insulation layer until the total energy load matched the initial (lightweight) Q value.  A 
Newton-Raphson iteration technique was employed to quickly converge the solution. Once the thickness of the 
insulation was determined, the R-value and the m-Factor could be calculated. 

Figure 11 shows the outcomes for the 8m*8m building in the same locations presented in Figure 5.  The results 
indicate that the R-value of heavyweight construction could be reduced significantly while keeping the total energy 
load constant in each location. The degree of concession is related to the proportion of cooling in the total load. 

Several checks were made to assess the variability of the m-Factor, these included building area, initial specified R-
value, window properties and the degree of shading.  These results are shown for selected cases in Figures 12, 13, 
14 & 15. 

The results show that the m-Factor decreases with increasing surface density and the relationship between m-Factor 
and surface density varies with climate.  Building size and shading effect the m-Factor, but it appears the initial R-
value or window properties have little influence on the results. 

 

Figure 11: m-Factor v Surface Density for various 
climates, 8m*8m building 

 

Figure 12: Effect of Building Size, Adelaide and 
Melbourne 
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Figure 13: Effects of Initial/Specified R-value 
(Brisbane 

 

Figure 14: Effect of Improved Window (Adelaide) 

 

 

Figure 15: The Effect of Shading on m-Factor, Brisbane and Adelaide 

 

CONCLUSION 
This paper has investigated the benefits of thermal mass in reducing the total energy load for heating and cooling.  
The aim has been to explore a methodology so that the beneficial effects of walls with higher surface density may be 
allowed for on an equitable basis in deemed-to-comply provisions of a building code. 

A new m-Factor has been proposed and a preliminary study of its variations made using the AccuRate thermal 
simulation software. The results look to support the new m-Factor methodology and offer the prospect of establishing 
a scientific approach to the building code provisions that is based on more than politics.  Further investigations are 
required to continue the development of a m-Factor and improve upon its efficacy in relation to building legislation. 

To date the research has been based on one particular wall configuration, changing this configuration is likely to have 
an effect on the m-factor. Therefore, additional research is needed to test the m-factor methodology against different 
high thermal mass construction configurations incorporating different materials and the placement of thermal mass. 
Further sensitivity testing of the m-factor methodology would include assessing the effect of elements such as; 
occupancy patterns, casual loads, glazing type/amount, shading, floor and roof constructions and thermal simulation 
software, had on the process.  
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NOTE 
Recent press articles have reported coding glitches in the AccuRate program.  These problems are known to be 
isolated to the suspended floor and attic routines. The model developed for this study does not involve these 
routines. 
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