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Abstract. This study examines the development of rules of thumb 
based on relationship between thermal capacity and spatial volume; it 
explores the following research questions: (1.) Can you have too much 
mass in a building? (2.) Is there a point at which adding additional 
mass to a space will not reduce the internal diurnal temperature range 
during summer beyond its current range? The review of existing rules 
of thumb (Slee and Hyde, 2011) concluded that an effective measure 
for the quantity of mass in a space is represented as a relationship be-
tween the amount of thermal capacity in a space and the volume of the 
space. It is known that adding thermal capacity (thermal mass) to a 
space reduces the diurnal variation of the ambient air temperature in 
that space. Is there a point when additional mass will not reduce the 
diurnal variation further? This paper reports work using Thermal Sim-
ulation Modeling where the quantity of thermal capacity in a space is 
changed incrementally and the ambient air temperature is observed. 
The experiments demonstrate that there is an exponential relationship 
between the quantity of mass (thermal capacity) in the space and the 
diurnal variation of the ambient air temperature in that space.  
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1. Introduction  

Following the review of existing rules of thumb (Slee and Hyde, 2011) we 

concluded that an effective measure of the quantity of mass which is useful 

in a space can be represented as a relationship between the thermal capacity 

of the space and the volume of the space.  
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In order to explore this further we set up a series of experiments using 

digital (computer) simulation and analogue (physical) test cells to test the 

following Hypothesis: 

It is known that adding mass (thermal capacity) to a space reduces the 

diurnal variation of the temperature in that space. Is there a point when 

additional mass will not reduce the diurnal variation further? If this is the 

case then it should be possible to identify an optimum quantity (or 

approximate range) of mass for a space in a particular climate. The quantity 

of thermal capacity in the space will be expressed relative to the volume of 

the space (KJ/K per cu. m of space). 

This paper reports on the results from the digital simulation. A brief 

reference to the analogue part of the experiments is made in the conclusion. 

The use of Thermal capacity, particularly in combination with night 

ventilation strategies, to moderate the air temperature in a space is well 

documented (Givoni, 1994, Givoni, 1998, Geros et al., 1999, Shaviv et al., 

2001). The use of thermal capacity as part of a passive solar or direct gain 

system in domestic situations is also widely advocated (Hollo, 1986, 

Reardon, 2001). The guidance available for designers and builders is, almost 

exclusively, qualitative. This leaves designers, builders and clients to wonder 

how much thermal capacity is needed to ensure that a particular strategy will 

be effective in a particular space. A series of simulations by Shaviv et al 

(Shaviv et al., 2001) suggests that the influence of additional thermal 

capacity diminishes as the total quantity of capacity increases. Other papers 

exploring thermal capacity take a binary approach to the system where it is 

either high mass or lightweight (Givoni, 1998, Geros et al., 1999, Sugo, 

2004, Aste et al., 2009). 

This paper seeks to offer an insight into how much mass is really useful 

in NSW, particularly the coastal fringes of Sydney. Here we report on the 

first part of a series of experiments that constitute a larger project for Forest 

and Wood Products Australia at the University of Sydney. The project is 

investigating how ‘thermal mass’ can be combined with ‘lightweight’ 

domestic timber-framed construction to create buildings which are thermally 

comfortable at all times of year and to minimise active heating or cooling.  

2. Methodology 

There are a number of important decisions that were taken at the beginning 

of the project and these are described here and constitute an overarching 

methodology for the whole report: 

The analogue test cells were provided by CSR. The test cells modelled in 

the simulations were based on those. They are simple boxes of lightweight 
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construction with no windows. They are clad in dark metal sheet and lined 

with 13mm plasterboard. The floor is connected to the ground by a concrete 

slab, sand bedding and concrete tiles. The walls are insulated with bulk 

insulation (U-value 0.4 W/m
2
.K). We chose to use the ambient air 

temperature to assess the effect of adding mass on the temperature of the 

space. Numerous methods of measuring temperature have been devised over 

the years (Auliciems and Szokolay, 1997) each emphasising different 

aspects of thermal experience. Ambient temperature remains the simplest to 

measure and most commonly understood. The obvious alternative would be 

radiant temperature but this would emphasise the heat energy being 

transferred through the building skin. We were not attempting to modify the 

buildings skin, the outside of which CSR has designed for maximum heat 

gain, so this was not considered appropriate. 

Mass was added to the cells incrementally with the quantity of mass (or 

thermal capacity) being doubled on each occasion. The mass, or thermal 

capacity, is located as a single volume in the centre of the cell.  

There are a number of possible variables (design decisions) which may 

affect the thermal performance of a space designed to create comfort as a 

passive system. We are interested in the effect of thermal capacity or thermal 

mass on internal ambient air temperature. We have excluded all other 

variables as far as possible by either leaving them out of the experiment, for 

instance direct solar gain through a window, or by keeping them as 

constants, for instance the insulation in the walls. We explored the influence 

of the size of the space and ventilation on mean diurnal range in a space 

during a hot month in summer. 

3. Simulations 

We wish to explore the effect of thermal mass on the diurnal temperature 

variation of a space. We are also interested to know whether or not the size 

of the space or the ventilation of the space changes the way in which mass 

effects the diurnal temperature variation in the space. We used Design 

Builder to model two cells (A & B, figure 1).  
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Figure 1. Test cell configuration 

Table 1. Simulated variations of mass and ventilation in the test cells 

Thermal Ca-

pacity KJ/K.m3 
0 17.7 35.5 71 142.0  283.9 567.8 1135.7 2271.4 

Cell A 

75.5m3 

0 

ACH 
X X X X X X X X X 

7 

ACH 
X X X X X X X X X 

           

Cell B 

8.7m3 

0 

ACH 
X X X X X X X X X 

7 

ACH 
X X X X X X X X X 

Thermal Ca-

pacity KJ/K.m3 
0 19.3 38.5 77.0 154.0  308.1 616.1 1232.2 2464.4 

The first cell is about the size of a reasonably sized living space in a 

house. The second is the same size as the test buildings CSR have provided 

us with in Brookvale, Sydney. The construction of the cells is described 

above and is based on the test buildings. Thermal capacity was created in the 

centre of each building (A & B). In the computer simulation the software al-

lows the thermal capacity of the space to be varied without changing the 

volume of the simulated space. The thermal capacity in each test cell was 

varied, as a function of the volume of the whole space, from 0 KJ/K.m
3
 to 

2464 KJ/K.m
3
 (see table 1) This means that the relationship between the 

thermal capacity of the space and the volume of the space is the same for 



 CAN YOU HAVE TOO MUCH THERMAL CAPACITY? 329 

both the large cell A and the small cell B. The thermal capacity was in-

creased in steps where the capacity doubled at each step. 

We simulated the cells using the standard weather file for Mascot (Syd-

ney Airport) during February. Both cells were simulated with a constant ven-

tilation rate of 7 air changes/hour and no ventilation. 

5. Observations 

A visual analysis of the hourly temperature plot shows that adding increasing 

amounts of thermal capacity (mass) to a space reduces the diurnal 

temperature fluctuation inside the space. This is what we would expect to 

see.  

 

Graph 1 to 4 – mean maximum and minimum air temperatures plotted against thermal 
capacity 

If the results from each of the four series of experiments are plotted as a 

graph indicating the mean daily maximum and minimum internal 

temperatures against thermal capacity (X axis) (graphs 1 to 4) we see that  

 the maximum and minimum temperatures tend towards the external mean 

temperature. 
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 the diurnal variation does not continue to reduce with increasing mass. 

 the diurnal variation (highlighted blue) appears to be the same with or with-

out ventilation 

 the absolute temperatures are much higher in the cells without ventilation 

than those with    ventilation 

These results indicate that 

 The volume of the space does not affect the influence of thermal capacity on 

the ambient air temperature in that space. 

 Ventilation, or the lack of it, does not influence the affect thermal capacity 

has on the diurnal temperature range (the size of the range). 

 Ventilation does influence the absolute temperature in the space. An unventi-

lated space will be significantly hotter in summer than a continuously venti-

lated space. 

To understand these observations in more detail we plotted the mean di-

urnal variation in each experimental space over the month (Y axis) against 

the thermal capacity of the space as a function of its volume (X axis) (Graph 

5). 

 

Graph 5 – Mean internal diurnal temperature variation plotted against thermal capacity 
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The graph reveals the following: 

 Neither the volume of the space nor the ventilation of the space affects the 

fundamental relationship between the thermal capacity of the space and the 

diurnal temperature variation in the space.  

 For any space the effect of additional thermal capacity on the diurnal 

temperature variation rapidly reduces as additional thermal capacity is added. 

 The diurnal range in the large spaces (A) reduces slightly more in response to 

the addition of thermal capacity compared with the smaller spaces (B). 

 Ventilation moderates the influence of mass on the diurnal temperature range 

by between 0.5
o
K (cell B) and 1

o
K (Cell A). 

The curves correlate closely to mathematical formulas of Y=A.X
-0.1 

(for 

cells with ventilation) and Y=A.X
-0.15

 for cells without ventilation, where A 

is a constant and X is the thermal capacity/m
3
  of the space. 

A rule of thumb derived from Baverstock (Baverstock, 1986) by Baggs 

and Mortensen (Baggs and Mortensen, 2006) proposes the following rela-

tionship: 

thermal capacity : space volume (1) 

For coastal Sydney Baggs and Mortenson propose a value of 80KJ/Km
3
. 

These simulations suggest that this should actually be 80KJ/K.m
3 

in addition 

to a ground coupled floor (slab on ground). 

5. Further experiments 

These simulations were followed by a series of experiments using physical 

test cells in Brookvale, Sydney, with the assistance of CSR. These experi-

ments will be reported in detail elsewhere and are included in the University 

of Sydney’s report for Forest and Wood Products Australia. Statistical analy-

sis showed that these subsequent experiments correlated with the results 

from the simulations. They also showed that the simulations and field exper-

iments differed in the magnitude of the responses to various environmental 

parameters. However, overall, the field experiments support the results of the 

simulations. 

6. Conclusion 

This set of experiments set out to discover if there is a point at which adding 

additional thermal capacity to a space will not reduce the internal diurnal 

temperature range during summer beyond its current range?  If that 

hypothesis proved to be correct it also set out to find out if it is possible to 
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identify an optimum quantity or range of thermal capacity for a space in the 

costal climate of Sydney. 

The simulations illustrate that there is an exponential relationship 

between the quantity of thermal capacity in a space and the internal diurnal 

temperature range in that space during summer. This relationship means that 

there comes a point at which adding additional thermal capacity to the space 

no longer influences the internal temperature range. The general view that 

“mass is good, therefore more mass must be better’ is shown to be 

erroneous.  

The results do not offer a definitive or ideal quantity of thermal capacity 

for a space. The results do show that adding some thermal capacity to a 

lightweight space is useful but adding additional thermal capacity is unlikely 

to influence internal temperatures further.  

The experimental space was extremely simple and eliminated many of 

the features that bring delight to the spaces we design for occupation, 

windows for instance. Thermal capacity is only part any passive system, 

which is only part of the many parameters that influence the design of a 

building. It is clear that from these simulations that the influence of thermal 

capacity on the temperature in a space is profound but limited and that, when 

considered as Thermal capacity per cubic meter of space, the modulating 

effect on air temperature is not limited by the volume of the space or the rate 

of ventilation. 

These experiments support the assertion that, for a space which is 

coupled to the ground (slab on ground) in the coastal climate of Sydney, 

adding additional thermal capacity (additional to that of the ground and slab) 

beyond 80 KJ/K.m3 (where m3 is the volume of the space) will have little or 

no impact on the diurnal temperature range of that space. It is important to 

note that this is for a space with no direct solar gain (passive solar design).  

Further investigations repeating these experiments the same and other 

climates and during other seasons are warranted since buildings exist in 

many climates and all seasons. Investigating the strategic placement the 

thermal capacity in the space is also important. 

Acknowledgements 

This research is part of a larger project at the University of Sydney sponsored by forest and 
Wood Products Australia. We would also like to express our particular thanks to Derek Munn 
of CSR without whose quiet support the project would not have taken place; Francesco Fiori-
to for his interest, insight and encouragement. 



 CAN YOU HAVE TOO MUCH THERMAL CAPACITY? 333 

References 

Aste, N., Angelotti, A. and Buzetti, M. 2009. "The influence of the external walls thermal 
inertia on the energy performance of well insulated buildings." Energy and Buildings, 41, 
1181-1187. 

Auliciems, A. and Szokolay, S. V. 1997. Thermal comfort PLEA: Passive low energy 
Architecture International in association with University of Queensland. Dept. of 
Architecture, Brisbane, 4072. 

Baggs, D. and Mortensen, N. 2006. "Thermal Mass in Building Design." Environmental 
Design Guide. Royal Institute of Australian Architects and Australian Council of Building 
Design Professions Ltd. 

Baverstock, G. 1986. "Low energy buildings in Australia : a design manual for architects & 
builders" Garry Baverstock & Sam Paolino, Graphic Systems, Mt. Hawthorn, W.A. 

Geros, V., Santamouris, M., Tsangrasoulis, A. and Guarracino, G. 1999. "Experimental 
evaluation of night ventilation phenomena." Energy and Buildings, 29, 141-154. 

Givoni, B. 1994. "Building design principles for hot humid regions." Renewable Energy, 5, 
908-916. 

Givoni, B. 1998. "Effectiveness of mass and night ventilation in lowering the indoor daytime 
temperatures." Part I: 1993 experimental periods. Energy and Buildings, 28, 25-32. 

Hollo, N. 1986. Warm house cool house : inspirational designs for low-energy housing, 
Marrickville, Choice Books, N.S.W.  

Reardon, C. 2001. "Your home : design for lifestyle and the future, technical manual" 
Australian Greenhouse Office, Canberra. 

Shaviv, E., Yezioro, A. and Capeluto, I. G. 2001. "Thermal mass and night ventilation as 
passive cooling design strategy." Renewable Energy, 24, 445-452. 

Slee, B. and Hyde, R. 2011. "Evaluating ‘Rules of Thumb’ for integrating fabric storage 
(thermal mass) into lightweight construction in Australia." ASA (ANZAScA) 2011. 
University of Sydney. 

Sugo, H. O., Page, A. W. and Moghtaderi, B 2004. "Comparative study of the thermal 
performance of cavity brick veneer constuction." 13th International Brick and Block 
Masonary Conference. Eindhoven, Holland: University of Newcastle (2004). 


