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ABSTRACT: The design of houses to suite the Australian environment has been a preoccupation from 
the first day that Europeans set foot on the shores of Botany Bay. Following WWII a scientific approach 
to researching the relationship between building design and the climate commenced. From then and up 
to the present three periods of research can be identified, each characterized by a concern for a 
particular guiding principle. This paper concentrates on the first formative period between 1945 & 1972 
when thermal performance research work in Australia was dominated by two organizations, the 

Department of Works, Commonwealth Experimental Building Station (CEBS) located in Ryde in 
Sydney, and the CSIRO, Division of Building Research (DBR) situated in Highett in Melbourne. During 
this period the thermal performance research conducted by these organisations was recognised 
throughout the world for its innovation. The paper summarises the major work undertaken and how the 
themes and concepts that informed this work are still with us today. 
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INTRODUCTION 
 
The design of houses to suite the Australian environment 
has been a concern from the time that Europeans set 
foot on the shores of Sydney Cove. For the first 150 
years of settlement, apart from the addition of some 
verandahs, buildings, especially in the cities reflected in 
style and planning the European origins of their builders. 

It was not really until the 1930s something new began to 
emerge in architectural thought. Architects such as 
Walter Bunning, Sydney Archer, Gerard McDonell in 
Sydney and Roy Grounds in Melbourne began to give a 
new sense of connection between houses and the 
environment (Freeland, 1968). Following WWII a 
scientific approach to researching the relationship 
between building design and the Australian context 
commenced. Since the beginning of these research 

activities, and up to the present, three periods can be 
identified, each characterized by a particular theme or 
concern. The first period 1945-1972 was concerned with 
discovering conditions for thermal comfort and 
convenience. The second, prompted by the oil embargo 
of October 1972, saw the focus turn to energy 
conservation and then later to energy efficiency. The final 
period can be seen to begin with the 1992 Rio 

Declaration on the Environment when the issues of 
ecological design and sustainability come to the fore. 
This paper provides a brief account of the period 1945-
1972. This period is important because the themes, 
strategies and ways of practicing the thermal 
performance design of buildings that we acknowledge 
today were largely formed during this time.  
During the period 1945-1972 thermal performance 

research in Australia was dominated by two 
organizations, the Department of Works, Commonwealth 
Experimental Building Station (CEBS) located in Ryde in 
Sydney (see Note 1), and the CSIRO, Division of 
Building Research (DBR) situated in Highett, Melbourne 
(see Note 2). Most research in these organizations 
focused on aspects of dwelling design and construction. 

From 1963 the CSIRO, Division of Mechanical 
Engineering (DME) also undertook several projects 
concerning the thermal performance design of buildings 
dealing mainly with air-conditioning plant and 
requirements. Because DBR and DME shared the same 
site (and the same staff tea room) there were several 
joint projects and important interactions, but generally 

being in two Divisions worked against full co-operation. 
Other research groups, mainly in Universities, also made 
valuable contributions to knowledge in the area but their 
work usually remained in the academic arena and was 
not widely disseminated to the public and the design 
professions. 
 

1. THE WORK OF CEBS 
 
CEBS was established in 1944 and one of the first 

research projects undertaken aimed at providing 
information for standards for construction that would 
alleviate the extreme heat of summer. The aim of this 
research was to make recommendations for the design 
and form of the construction of houses suitable for all 
parts of Australia. To begin, the work reviewed existing 
data and their applicability for Australian conditions. An 
early report published during 1947 entitled Climate and 

House Design (Drysdale, 1947) summarised the 
previous work which directed “attention to the 
relationship which should (my emphasis) exist between 
climate and house design to improve comfort indoors” 
and in which “attention was drawn to the apparent 
disregard, in this country, of the prevailing climatic 
conditions, and to the irrational use of traditional 
materials.” Drysdale pointed out “Generally, the results of 

this disregard has been unfavourable indoor conditions, 
usually during summer, as the greater part of Australia 
experiences its most severe climatic conditions during 
that season” (Drysdale, 1947, piii). This report concluded 
that vital information was lacking and recommended a 
research effort commence on thermal performance 
design. The first part of this research was directed at 
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defining suitable climate zones in Australia. Zoning 
based on a strict climatological basis was found to be 
impractical and too detailed for interpretation in terms of 
building construction. A zoning on an “arbitrary” 

subdivision was therefore chosen. This classification 
comprised three types of climate each with two 
subdivisions (Drysdale, 1950). The resulting climate 
classification map (reproduced as Figure 1) remains the 
basis for our understanding of building climate zones 
even today. 
 

Climate Classification 

Hot humid Hot dry Temperate 
Sub-divisions 

Tropical humid Hot  arid Temperate 

Sub-tropical 
humid 

Dry warm 
temperate 

Cool 
temperate 

 
Source: Taken from Drysdale, 1950. 

Figure 1: Broad Classification of Australian Climates 
 

1.1. Design data 
As part of the overall project to improve dwelling design 
some important design data and information were 
produced. One of the most important of these data was 
the 1948 publication, Sunshine and Shade in Australasia 
that showed planar projections of the sun's path for the 
principle cities in Australia, New Zealand and New 
Guinea. These diagrams could be used to determine 

suitable shading devices for the location (Phillips, 1948). 
The annual and diurnal climate details relating to design 
variables, temperature, sunshine hours, humidity and the 
prevailing wind speed and direction for particular 
localities, were also compiled from existing 
meteorological records and made available in a summary 
form thought to be useful to designers. In the introduction 
to the publication Selected Australian Climatic Data for 
Use in Building Design, Keough (1951) outlines the 

prevailing belief that climate should be a major 
determinant of building form and construction. He says, 

...in selecting the materials for their construction, the 
designer's consideration of climate factors often does not 

extend beyond allowances for weather tightness......the data 
presented are intended to be applied when implementing the 
principles of designing for climate... (Keough, 1951) 

 
1.2. The experimental work 
The early experimental work of CEBS involved field 
observations in actual houses in various climates. These 
however proved relatively inconclusive due to the 
variation in house design and climate. The effects, for 

example, of window size and distribution, insulation 
treatments in ceilings and walls, or concrete versus 
timber floors, could not be discerned from the 
experimental observations. Although this work added to 

the understanding of the thermal behaviour of dwellings, 
they yielded little data upon which generalised design 
rules could be established. To overcome this difficulty an 
experiment was conceived involving thermal models, 
shown in Figure 2. These models measured 3ft x 3ft in 
plan with a 1ft ceiling height. A typical house and larger 
models of 10ft x 6ft x 2ft3ins were built later to check the 
results with the smaller models. A colony of models of six 

different forms of construction - single leaf brick, timber 
frame, brick veneer, reverse brick veneer, single leaf 
concrete and brick cavity wall construction - were tested 
under identical conditions, each construction being used 
to observe the effects of exposure to sunshine, 
ventilation and insulation. The experiments involved 
treating one model of a pair and observing the difference 
from a second, all other conditions including the daily 

climate being identical for the pair. 
 

 
Figure 2: CEBS thermal models 

 
By 1949 sufficient data had been collected to suggest 
empirical results for the following effects: 

• the influence of solar radiation and the contribution to 
internal temperature rise and heat flow through roof and 
walls. 

• the response to external temperature at different rates 
of ventilation and with varying thickness of insulation. 

A first design chart (see Figure 3) was published by Wal 
Drysdale in 1952 and showed the influences of various 
construction types on the maximum internal temperature. 
This design chart appears in several versions during the 

following 20 years or so. 
To relate experimental observations to the thermal 
properties of building materials an analytical tool or 
technique was required which could estimate the 
dynamic thermal effects with variable heat flows “which is 
of importance to the relative discomfort in houses day 
and night when there is no temperature control by 
heating or cooling appliances - the condition of interest in 

the Australian design problem” (Alexander, c1954). Hand 
calculations were seen as impractical and work was 
undertaken to develop an electrical analogue with plug-in 
units to represent the walls, floor, roof-ceiling and ground 
of a typical dwelling. A diurnal excitation was applied to 
enable estimates of internal temperatures at selected 
times of the day. This electrical circuit model provided 
the key to the development of a mathematical treatment 

for the thermal response of a building using two “new” 
thermal properties of building elements - the transfer 
impedance and the internal impedance together with 
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their respective lags (Alexander, c1954). The BRE 
Admittance method published some twenty years later 
was a very similar technique (Milbank & Harrington-Lynn, 
1974). In 1955, just as this analytical technique was 

developed, the CEBS saw its thermal work as 
substantially complete and this exercise, together with 
other thermal performance research projects, were 
abandoned. While publications were released in 
subsequent years, they were all based on this early 
research. 

 
Source: Drysdale, 1952. 

Figure 3: Thermal behaviour of dwellings 
 

2. THE WORK OF CSIRO, DBR 
 
Building thermal performance research commenced at 

the CSIRO Building Research Laboratory (BRL) during 
1945. The first project undertaken at BRL involved 
research into the thermal conductivities of building 
materials, but the formation of the new Division of 
Building Research in 1949 signals the start of research 
into thermal analysis methods that continued throughout 
the whole period to 1972.  
 
2.1. Thermal analysis techniques 

The first project in thermal analysis at DBR proposed to 
repeat and refine the work of CEBS using an electrical 
analogue technique. By the end of 1950 “the electrical 
analogue instrument is nearing completion” (DBR 1950) 
and in 1951 “the electrical analogue has been wired and 
is being checked against theoretically known cases and 
thermograph readings taken during the summer in two 
houses of different wall types”. (DBR 1951). It appears 

that no papers were ever produced from the electrical 
analogue experiments, however, it is at time that Roy 
Muncey wrote a seminal paper entitled, Calculation of 
Temperatures Inside Buildings Having Variable External 
Conditions (Muncey, 1953). In this paper he describes 
the “usual” methods for estimating the temperature inside 
houses and other buildings exposed to fluctuating 
external temperatures as employing either the thermal 

models as proposed by Drysdale or by electrical 

analogues. Analytical methods, he pointed out, can 
obviously become laborious if many variables of climate 
and construction are to be handled. To overcome this he 
describes the evolution of a new mathematical technique 

applicable to all types of building and which was faster, 
more accurate and much less costly than experimental 
methods. It was based on the principle that if the surface 
temperatures and hence the heat flows at the two faces 
of an infinite slab of material are harmonic, they are 
related to two simultaneous equations in which the 
coefficients depend on the properties of the material. 
Non-sinusoidal temperature cycles were treated by 

analysing them into harmonics (Fourier analysis). In the 
paper Muncey states that the method, which marked an 
important development in the study of free-running 
buildings under summer conditions, had been verified by 
experiments on model houses subjected to cyclic 
external temperatures. 
Work continued over the next 10 years on the 
mathematical modelling of temperatures inside buildings. 

Results from monitoring a timber floor house and a 
“solar” house were compared with predictions using a 
harmonic technique and found to be “better than 
expected”. Four electronic computer programs were 
developed to undertake the arithmetical calculations, the 
first reference to such a method, with the researchers 
admitting “....the usefulness of an automatic computer 
was not realised until this work was almost completed....” 

(DBR, 1957) A suite of four programs were devised for 
the calculations, tested and made available on the 
Melbourne University CSIRAC computer for general use. 
The harmonic technique program(s) was eventually 
known as CARE. 
In a paper Thermal Response of a Building to Sudden 
Changes of Temperature or Heat Flow, Muncey (1963) 
describes another calculation method known as the step-
function or response factor technique for calculating 

variable heat flows. Response factor methods up until 
that time had involved obtaining response factors for 
individual heat flow paths. Muncey proposed an 
alternative to this time-consuming procedure by 
calculating the response factors for the total building. The 
technique provided the basis for the computer program 
STEP whose development commenced in 1964 using 
the new Fortran language. Some demonstrations of the 

accuracy of the technique were attempted and presented 
in the paper The Calculation of Internal Temperatures-A 
Demonstration Project (Muncey & Holden, 1967). The 
conclusion of this paper somewhat belittles the advance: 

The temperatures measured inside a concrete box structure 
were found to agree very well with the corresponding 

temperatures calculated from the observed external 
conditions......The discrepancies which do occur may be 
caused by both the experimental error and deficiencies in the 

theory... 

Two papers presented by DBR personnel at the First 
Symposium on the Use of Computers for Environmental 
Engineering Related to Buildings, held in Gaithersburg, 
USA during 1970, A Conceptual Survey of Computer-

Orientated Thermal Calculation Methods (Gupta, 
Spencer, & Muncey, 1970) and Methods for Thermal 
Calculations Using Total Building Response Factors 
(Muncey, Spencer, & Gupta, 1970) give a good summary 
of the international state-of-the-art, and show DBR at the 
forefront. Modifications to the programs CARE and STEP 
to enable “efficient” design studies were progressively 
introduced. These included the handling of variable 

ventilation rates and the operation of heating and cooling 
thermostats. By 1972 the program CARE was essentially 
abandoned and all development work concentrated on 
the STEP program. In 1974 the STEP program was 
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substantially revised to include multi-zone computations 
and renamed ZSTEP (Z for zones). Periods of “real” 
climatic data were also compiled for use as program 
input. ZSTEP however remained, by today’s standards, a 

rather crude and difficult to use research tool. A survey of 
DBR publications of the period indicates that although 
the nature of the heat flow calculations through opaque 
building components was discussed in some detail, at no 
stage was the development or full details of the methods 
of the thermal analysis contained in the computer 
programs open to scrutiny. 
 

2.2. Thermal conductivity, sol-air temperature and 
ventilation 
Progress in thermal analysis techniques was continually 
seen as being held back by a lack of basic information, of 
particular concern were the lack of real thermal 
conductivity values for common “local building materials, 
the formulation of the sol-air temperature (proposed 
initially by Mackay & Wright 1943), solar and long wave 

radiation, and information about ventilation rates in 
houses. 
Barned (1946) had compiled a data summary of thermal 
conductivity and other properties of building materials, 
but this was based mainly on overseas information. In 
1949 work commenced on the design and installation of 
instruments to measure the thermal conductivity of 
Australian building materials “so as to gain a more 

detailed knowledge of their behaviour than is available 
from the results of overseas tests on similar materials” 
(DBR, 1950). A large and small guarded hot plate 
apparatus were planned for construction, but these 
suffered several delays and were not operational until 
1952. By 1958 this equipment had to be completely 
redesigned and rebuilt. In 1970 O’Brien revised the 
original document and added Australian data that had 
been derived in the intervening period (Barned & 

O'Brien, 1970).  
Work to determine data for sol-air temperatures 
calculations on vertical and horizontal surfaces 
commenced in 1950. A literature review had not provided 
the detailed information required for the accurate 
determination of sol-air temperatures so this project was 
commenced to undertake measurements to predict solar 
absorption co-efficients, the intensity of solar radiation 

and the heat conductance of the surface air film. 
Although initial experiments were conducted during the 
1950’s, the culmination of this work came with the 
publication in 1970 of Some Investigations on the Sol-Air 
Temperature Concept by Rao and Ballantyne (1970). 
In the years 1959 to 1961 a project, believed to be the 
first of its type in Australia, was conducted to investigate 
the ventilation rates in houses. The ventilation rates in 

the houses were estimated by measuring the decay of a 
tracer gas (nitrous oxide) using an infra-red gas analyser. 
The influence of fixed ventilators and fireplaces was 
evaluated and several under-floor ventilation rates were 
also measured. Three hundred and sixty measurements 
of room ventilation rates were carried out in five timber-
framed houses. The results were grouped into wind 
directions and the results related to Bureau of 

Meteorology data for typical wind conditions for the 
Melbourne area. The results of this project were not 
published until 1966 (Howard, 1966), possibly a 
reflection of the sensitive political nature of this topic in 
relation to the activities of the Housing Commission of 
Victoria (see Note 3). The ventilation investigations were 
suspended in 1961 when it was decided that the tests 
required to develop a general ventilation model were 
beyond the resources of the Division (DBR, 1962). 

2.3. Solar radiation tables 
The 1952 Report of the Building Research and 
Development Committee says inter alia, 

Architects have requested information concerning the 

intensity of sunshine and technical data as to sunshine 
penetration through openings to assist in their work of 
designing specific buildings... (Building Research and 

Development Committee, 1952) 

During 1959 DBR investigated the failure of some glass 
spandrel panels in a Melbourne high-rise building. As 
part of this study estimates of the maximum solar 

radiation load on the building façade were made. It was 
very quickly realized that by using the recently available 
automatic processing facilities of the CSIRO (CSIRAC) 
computer, the method of calculation could also be 
employed to tabulate the direction and estimated 
intensity of solar radiation on surfaces at various 
orientations and latitudes. Calculation of the direct solar 
radiation was based on the Parry Moon calculations for 
cloudless sky values. The diffuse solar radiation for the 

first series of tables was estimated by a technique 
suggested by Berlage in a 1928 edition of 
Meteorologische Zeitschrift. The Tables for Sydney and 
Melbourne were the first to be produced. These Tables 
became known as the Spencer Tables (see for example, 
Spencer, 1960). 
During 1963 improvements were made to algorithms for 
calculating the solar position and the estimates of solar 

radiation. Measurements of radiation at CSIRO, Division 
of Meteorological Physics at Aspendale in Melbourne 
helped to improve the accuracy of predictions, in 
particular diffuse radiation and ground-reflected 
contributions. Figure 4 shows John Spencer adjusting 
the solar monitoring equipment. In 1965 a new series of 
Tables were produced for Melbourne, Canberra, 
Adelaide and Darwin and in 1968 the Sydney Tables 

were added. 
 

 
Figure 4: John Spencer Measuring Solar Radiation 

 
In 1974 the Tables were converted to SI units and again 
up-dated with the addition of several features including 
sunrise and sunset times and Solar Heat Gain Factors 
for different window break angles (Spencer, 1974). 
 
2.4. Monitoring of buildings 

The early monitoring of the thermal behaviour of 
buildings, like the work at CEBS, involved measurements 
with models. The data was used to check heat flow 
calculation methods that were being developed. During 
the winter of 1956 a study was made of the thermal 
behaviour of three buildings on the grounds of the 
Division at Highett. Two of these were identical tiled-roof 
weatherboard structures, except that one had a 

conventional suspended timber floor and the other a 
concrete slab-on-ground floor. (These buildings had 
been used during the previous year to compare the 
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effects of these floor types on the floor temperatures.)  
The third was a building of a "solar" design, having a 
large glass wall facing slightly east of north and a 
concrete slab-on-ground floor. The relative performance 

of these buildings was monitored with internal 
temperatures recorded continuously by thermocouples 
and plotted on a chart recorder. Various experiments 
were conducted including applying heating to the 
buildings. 
 

 
Figure 5: Thermal Models at CSIRO, DBR Highett 

 
The 1956-57 Annual Report states that the most notable 
feature of the results was that, almost without exception, 
the temperatures in the solar building were at all times of 
the day higher than the others (Division of Building 
Research-CSIRO, 1957). Although the measurements 

from the monitoring were apparently used to check 
mathematical techniques for calculating the internal 
temperatures in buildings exposed to fluctuating external 
conditions, no report of this monitoring exercise was 
produced. Ballantyne (personal communication) believes 
that the effort of transcribing the readings from the chart 
recorder was so tedious that, given the shortage of 
resources, it was deemed not worthwhile. Two years 

after this somewhat unproductive undertaking another 
research project, this time sponsored by the State 
Electricity Commission of Victoria, was commenced to 
test the effectiveness of briquette-fired heating units. The 
space heating properties of various heating systems 
were studied in two test rooms of 21ft by 21ft together 
with six physical “thermal” models of the rooms, two 
quarter-scale and four ninth-scale. A total of 65 

temperatures in the rooms and models were measured 
hourly using thermocouples and recorded on teleprinter 
tape for the purpose of automatic computer processing. 
The experiment was to test a variety of systems for the 
efficient transfer of heat to the rooms. Correlations 
between temperatures in the test rooms and the models 
showed that discrepancies rendered the models of little 
value for this investigation (Bautovich & Muncey, 1961). 

Despite this finding, the difficulties of measuring all the 
variables in “real” buildings meant that measurements 
from scale models continued to be used in the early 
1960’s to test the predictions from the analytical 
(computer) methods under development. Measurements 
from a 5ft square by 4ft high concrete box are reported in 
several papers of the time (see, for example, Muncey & 
Holden, 1967). 
 

2.5. Thermal insulation 
Improved calculation techniques, in particular the ability 
to consider intermittent and part-house heating enabled 
calculations of economical values of thermal insulation 
for Australian capital cities. A paper, Optimum Thickness 
of Insulation for Australian Houses (Muncey, 1955), 

provided estimates of fuel savings for typical timber 
framed and cavity brick houses. The calculations 
involved many assumptions and guesses. For example, 
the ventilation rate was taken as 3 ACH and the comfort 

temperature “somewhat lower than the temperatures 
maintained in American houses” was taken as 68

o
F 

(20
o
C). The amount of insulation that can be 

economically justified in a house was seen also to 
depend on the period during which comfort heating was 
required and no data was available to assess this period 
under Australian conditions. An estimate was made 
based on records kept by 80 families in Melbourne for a 

period April to September 1954. From these data the 
approximate hours of heating during winter months in the 
various Australian capital cities was calculated by 
comparing the average external temperatures at 2100 hr. 
A thickness of around 2 inches (50mm) of mineral wool 
insulation was claimed to be justified for Canberra and 
Hobart, 1! inches (38mm) for Melbourne and less for 
the other cities. 

 
2.6. Concrete floors 
A somewhat esoteric research issue taken up by DBR 
concerned the thermal comfort of feet on concrete floors. 
Shortly after WWII it was suggested that considerable 
savings of timber (and, on flat sites, labour) could be 
affected if concrete floors were generally accepted in 
dwelling construction. There was, however, considerable 

resistance, with the suggestion, that such floors would be 
uncomfortable. CEBS research results had indicated that 
indoor temperatures were lower in summer above bare 
concrete floors than above bare timber floors, and that 
on cold winter mornings the temperatures above the bare 
concrete floors were higher. The skeptics (or perhaps the 
timber industry) remained unconvinced arguing that it 
was a matter of foot comfort and not air temperature. 
Experiments with “artificial” feet were conducted by DBR 

during 1950 but proved inconclusive because the 
temperature gradient in heated rooms was not 
considered. A new experiment was commenced in 1951 
with 17 “real” subjects. The investigations concluded 
“..that the air temperature near the floor had the most 
important effect on foot comfort” (Muncey, 1954). The 
paper suggests that thermostatic controls should be 
located near the floor. A later, more detailed report on 

this research says,  
From investigations on the suitability of concrete floors for 
domestic dwellings it appears that such floors are 
comparable in performance with the conventional timber 

floors and, in fact, have some advantages. (Muncey & 
Holden, 1959) 

 

3. THERMAL COMFORT 
 

Along with efforts to understand and describe the thermal 
behaviour of dwellings, thermal comfort was a focus of 
research at several institutions during the period. The 
provision of comfortable conditions in a dwelling was 
viewed as the main design goal and establishing 
appropriate thermal comfort criteria was a necessary 
starting point for design calculations. 
Probably the first investigation on thermal comfort carried 
out in Australia was the work of Douglas Lee, Professor 

of Physiology, University of Queensland. Lee wrote 
several comprehensive papers on man’s reaction to 
tropical climates and made recommendations on the 
physiological principles which he saw as important for 
the design of tropical housing in the various climates of 
Queensland (Lee, 1940; 1944). Lee (1944) provides 
“design aids” showing the annual variations of climate 
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conditions (temperature and humidity) and the comfort 
zone for a number of Queensland towns. 
 

 
Figure 6: The Foot Comfort Experiment 

 
At an early stage in the CEBS investigations the hot 
conditions of summer were identified as presenting most 
concern but also that orthodox thermal comfort limits 
would have serious practical and economic limitations. 
As a consequence thermal comfort criteria established 
by overseas research based on effective temperature 
was replaced as a pragmatic design criterion with a 

single critical maximum temperature that should not be 
exceeded on a hot day. The temperature chosen 29.4

o
C 

(85
o
F), had been suggested by Winslow, Herrington and 

Gagge (1938) as corresponding to the onset of general 
sweating. The Thermal Behaviour Chart, (Figure 3), was 
seen as presenting a balance between this temperature 
criterion and practical economic considerations. Walter 
(Victor) MacFarlane, the “new” Professor of Physiology, 

University of Queensland in association with the CEBS in 
Sydney conducted a limited laboratory-based inquiry into 
preferred temperature using a small number of subjects 
(MacFarlane, 1958). He saw the main aim of thermal 
comfort research of this time as being the desire to 
provide some consistent empirical formulation for the 
question “In what range of environmental circumstances 
does a population say it is comfortable or behave as 

though it were?". (MacFarlane, 1958) He concluded 
“temperatures below 70

o
F seem uncomfortable to 

tropical people, and above 80
o
F for cold temperate 

people” (MacFarlane, 1958). A year later, in 1959, 
Hindmarsh and MacPherson from the School of Public 
Health and Tropical Medicine, University of Sydney, 
collected 2172 thermal comfort votes in the field over a 
one year period (Hindmarsh & MacPherson, 1962). The 
most generally preferred temperature was found to be 

73
o
F (22.7

o
C) and a comfort zone in the range of 66

o
F 

(18.8
o
C) to 81

o
F (27.2

o
C), although it was suggested 

“...such a range is quite unacceptable in air-conditioning 
practice.”  Their research also investigated the commonly 
held notion of the time that heat discomfort was due to 
the presence of unevaporated sweat on the skin. They 
found the “somewhat surprising” result that sweating did 
not closely relate to the environmental temperature (and 

therefore the preferred temperature). 
An important contribution to thermal comfort research 
commenced in late 1962 when DBR established a 
branch office in Port Moresby, The Territory of Papua 
and New Guinea

 
 to undertake investigations of the 

problems associated with tropical buildings. One project 
was to compare the indoor environments of four 
“government” houses. The study, among other things, 

aimed to determine the preferred temperature in the 
houses. An environment assessment card was devised 
for occupants to record their subjective thermal sensation 

vote, together with apparel worn, activity and other 
information. Indoor conditions were recorded 
continuously with thermographs (Ballantyne, Barned, & 
Spencer, 1967). Analysis of the thermal sensation data 

employed the technique of probit analysis that avoided 
the equal interval assumption erroneously inherent in 
“better” known research work (for example, Fanger 
1972). Ballantyne, et al. found that the range of 
temperatures for a neutral assessment were between 
23.4

o
C and 27.6

o
C, with the comfort zone (as defined by 

Hindmarsh & MacPherson) extending from around 
21.2

o
C to 29.6

o
C. The preferred temperature was 

estimated at 25.4
o
C. This information was used in a later 

computer study to examine design and construction 
options for houses in Port Moresby (Ballantyne & 
Spencer, 1972). 
DME also undertook thermal comfort research and 
during 1966 worked to develop a thermal comfort model 
to predict preferred temperatures based on three 
parameters, the physical mechanism of heat and mass 

exchange between the body and its surroundings, the 
physiological behaviour of the body and expressed 
thermal sensations. Variables included in the analysis 
were type of clothing, air velocities and degree of activity. 
An exact solution was found to the formulation by 
applying the assumption that thermal comfort is 
associated with no sweating. Although predicted 
preferred temperatures for thermal comfort were reported 

“initially” to agree well with published data derived from 
sensation votes under laboratory and field conditions 
(Morse & Kowalczewski, 1967), subsequent analysis of 
Kansas State University data of Rohles and Nevins 
indicated that the model assumption that comfort was 
accompanied by no sweating was incorrect. This was not 
a surprising conclusion given that Hindmarsh and 
MacPherson had reported this finding four years earlier. 
In 1971 a test facility was established at DME consisting 

of a controlled temperature and humidity room for 
experimental work on human comfort. Studies were 
conducted to investigate the effect of air velocities on 
preferred temperatures. In 1974 Robeson and Burton 
reported “...that subjects generally preferred higher 
velocities than those predicted by Fanger's equation” 
(Robeson & Burton, 1975). In March-April 1974 Ralph 
Nevins (fellow of the John B Pierce Foundation, Yale 

University) visited DME and conducted an experiment to 
test the hypothesis that subjects from both tropical and 
temperate climates would have the same preferred 
temperature. The fact that such a project was conceived 
indicates the belief at the time that comfort conditions 
could be determined independently of local environment 
and context, but no reference to any results of this work 
could be located. 

 

DISCUSSION 
 
The French philosopher Jean-François Lyotard (1984) 
pointed out that modern culture legitimised itself not by 
truth-claims on logical or empirical (scientific) foundations 
as it declared, but rather on the grounds of received 
stories about knowledge and the world. He further 
argues that in our postmodern condition, these stories (or 
meta-narratives) no longer work to legitimise truth-

claims. He suggests that in the wake of the disintegration 
of modernism we can no longer make claims to absolute 
truth but rather must deal with a world of ever-changing 
relationships (among people and between people and 
the world). 
In many ways the thermal performance research work in 
Australia during the halcyon days between WWII and 
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1972 exemplify the modern condition. In the days before 
the world and the design of buildings were ‘complicated’ 
by resource and environmental issues and questions of 
sustainability, the problem of thermal comfort provided 

the reason d’être for a research effort in this area. The 
meta-narrative comprised really three elements, first as 
the opening paragraph to the first Notes on the Science 
of Building ‘Design for Climate’ issued by the CEBS 
indicates (and echoing precisely the sentiments of the 
climatic determinists Huntington, Mills and Markham), the 
weather conditions (particularly during summer) was an 
issue. 

The loss of energy and efficiency experienced by white 
people in hot climates is difficult to assess, but it is 
appreciable, and justifies considerable attention to the 

improvement of physical conditions of both working and 
living. (CEBS, 1949) 

The second element of the story involves a 
belief/understanding of an inherent difference between 
the Australian situation and conditions and practices 

elsewhere, expressed, for example, in the view that the, 
“values for the preferred indoor temperature determined 
in other parts of the world cannot be applied with 
confidence in Australia” (Hindmarsh and MacPherson 
1962). Finally, the problem was articulated essentially as 
being concerned with the physics of heat flow and that a 
resolution could be discovered by scientific enquiry 
(involving reduction, observation, etc). This latter point 

reflected the science background of nearly all the 
researchers in the field. The issue of summer conditions 
in Australian buildings was never, for example, viewed as 
a design problem (perhaps informed by scientific 
knowledge) where the myriad of issues social, physical 
and economic could be subject of simultaneous 
investigation and resolution. 
Since thermal performance research was never given a 

particularly high priority, research directions and the 
scope of projects were subject to severe restrictions 
because of limited budget and manpower resources. The 
value and practical application of many projects was lost 
because of delays in completion, inconclusive outcomes 
and/or limited publication of results. In 1970 after 25 
years of building thermal performance investigations the 
DBR Annual Report lists the significant achievements as, 

greatly improved methods of calculating temperatures 
within buildings and also air-conditioning loads, detailed 
solar position and radiation tables for a number of 
locations in Australia and elsewhere, optimisation of 
house insulation for different climatic conditions, and 
finally the determination of preferred internal 
environmental conditions particularly for the tropics. If we 
include the main work done at CEBS as, 
design/construction recommendations related to climates 

of Australia, tools for calculating shading devices, and 
lastly the tabulation of climate related design data, we 
get a view of the principle research developments during 
the period. Compared with similar research in the UK 
and North America much of the Australian work was at 
the cutting edge, yet the overall effectiveness or benefit 
is difficult to determine. Notes on the Science of 
Buildings (NSB) and the Technical Bulletin Series (TBS), 

were the main vehicles for the dissemination of CEBS 
research findings to design professionals and the 
building industry. Perhaps the most influential of all 
publications was the TBS Designing Houses for 
Australian Climates first published in 1952 and updated 
in several editions since that time. It provides a 
comprehensive discussion of design recommendations 
derived from the research investigations (Drysdale, 

1952). Unlike CEBS, and perhaps in keeping with its 

status as a “scientific” research organisation, DBR did 
not have a publication series directed specifically at 
design professionals and the building industry during this 
period. Research findings were generally first published 

in either scientific journals or conference proceedings 
with a more substantial account of projects written up as 
DBR Technical Reports, in some cases available years 
after completion. There is in fact no evidence that the 
thermal performance research of the period had any 
direct effect on the design or construction of Australian 
houses. 
The legacy of the period that does however remain is the 

meta-narrative. With the extension of comfort to energy 
consumption and global warming it is essentially the 
same that underlies the debates in the field today. 
Instruments like NatHERS and the structure and content 
of the Building Code of Australia (BCA) ‘energy-
efficiency’ provisions owe their ancestry directly to this 
formative period – modernism rules OK. Perhaps it is 
now time to move on and realize that the reality of the 

thermal performance of a building in use cannot be 
prescribed by the application of a positivist science 
because the occupants matter. 
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