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ABSTRACT

Heat stress is a major consideration for a wide range of occupations including mining,

construction and defence. Traditionally, heat stress equations have been used to

identify scenarios likely to cause heat illness, based on the environmental conditions,

and estimates of workload. However, as individuals respond differently to the same

heat stress, it is often considered more appropriate to directly measure physiological

responses (strain) so that behavioural changes may be used to reduce thermal strain.

This project aimed to provide a theoretical basis for the development of a personal

heat strain monitor, by evaluating a suitable surrogate index of core temperature for

use in a working environment. 

This index was an insulated skin temperature (Tskin-insul), located laterally to the T2-T4

spine. Using linear regression modelling, we have found this Tskin-insul to closely

approximate changes in oesophageal temperature (Tes). In this research, we applied

these regression model to pre-existing data from our laboratory, resulting in 83% of

the variance in Tes being explained on the basis of Tskin-insul, with a standard error of the

estimate of 0.15°C on individual trials. With multiple-linear regression analyses using

physiological and psychophysical measures as potential predictor variables, the

standard error of the estimate fell to 0.10°C. Due to variation in the intercept and

slope values, no single prediction equation was able to be derived for all situations,

and this technique was considered impractical for use in a commercial monitor. 

By combining data collected at the same air temperature, four sets of equations were

developed for each of three ambient temperature ranges. The predictor variables in

these equations were: (i) Tskin-insul only (simple linear regression modelling); 

(ii) Tskin-insul and heart rate; (iii) Tskin-insul, heart rate, mass and sum of six skinfolds; and

(iv) perceived exertion, Tskin-insul, mass and sum of six skinfolds. It was possible to

predict Tes to an acceptable accuracy (standard error of estimate <0.2°C) using 

Tskin-insul, heart rate, body mass and sum of skinfolds in a multiple linear regression

analysis. 



ii

When these equations were trialed on independent datasets (air temperature $30°C),

all the equations developed for use in air temperatures of 30-36°C resulted in the

standard error of the estimate being >0.2°C. The equations developed on data

collected at 40°C had a similarly high error, with the most accurate equation, which

utilised only Tskin-insul as a predictor variable, having a standard error of the estimate of

0.05°C above the maximum recommended level. The prediction equations utilising

additional variables recorded standard error of the estimate values exceeding twice the

recommended maximum level. 

These prediction equations were examined in relation to their efficacy for use with

industrial heat strain guidelines. The equations developed using Tskin-insul, heart rate,

mass and sum of six skinfolds were the most accurate equations at measuring a 0.8°C

and 1.0°C change in Tes, at air temperatures of 30°C and 40°C. The prediction of an

Tes measurement of 38.0°C and 38.5°C revealed that equations using Tskin-insul as the

only predictor variable were most accurate. The equations for use at an air

temperature of 36-40°C were considered sufficiently accurate for use in a personal

monitoring system, with those developed for 30-36°C deemed to be unsuitable in the

present form. 

The prediction equations were trialed in two heat strain indices: the Physiological

Strain Index and the Cumulative Heat Strain Index. The predicted Tes measurement

was inserted into these indices. It was found that the prediction equations using Tskin-

insul as the only predictor variable in the Physiological Strain Index, created a result

that could be considered desirable in the air temperature range of 30-40°C. It was

determined that, due to the level of inaccuracy of the equations, it was not possible to

use surrogate measures of Tes in the Cumulative Heat Strain Index. Future research

should primarily focus on reducing Tskin-insul measurement error, with the measurement

then being trialed across a broad range of conditions to examine its efficacy for use in

a personal monitoring system. 



iii

ACKNOWLEDGEMENTS

First, thank you to my primary supervisor, Nigel Taylor who showed patience and

perseverance throughout my Masters program. It has been a long time coming, but it is

here now. A big thank you also to Arthur Jenkins for scaring me senseless with his

statistical knowledge and proving that there is a model out there to do just about anything.

Thanks must also go to my other secondary supervisors Herb Groeller and Ian Tague,

who have provided support at various stages during this program. 

I am grateful to those who donated their datasets for the analysis; Brad, the DSTO, Clare

Eglin and Mike Tipton. And of course to those people who donated their bodies for this

in the hope that one day there could just be one less probe used for these experiments.

A huge thanks to my two Alisons, who have helped to keep me on track, and propped me

up from time to time. Without either of you at various times I don’t know where this

would have ended up. As well, thanks to those other Postgraduate students who have

assisted in knowledge or Tim Tams.

And to everyone else who has been supportive along the way including Roger, my

parents, flatmates (especially Beck and Annerieke) and friends to name a just a few. A

big thanks goes out to you too.



iv

TABLE OF CONTENTS

ABSTRACT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . i

ACKNOWLEDGEMENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . iii

TABLE OF CONTENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . iv

LIST OF FIGURES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ix

LIST OF TABLES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . xvi

LIST OF COMMON ABBREVIATIONS . . . . . . . . . . . . . . . . . . . . . . . . xvii

CHAPTER ONE. INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

1.1 HEAT STRESS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

1.2 HEAT ILLNESS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

1.2.1 Epidemiology of heat illness . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

 1.3 HEAT STRESS INDICES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

1.4 PHYSIOLOGICAL INDICES OF HEAT STRAIN . . . . . . . . . . . . . . . . . . . 8

1.4.1 Core temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

1.4.1.1 Core temperature measurement . . . . . . . . . . . . . . . . . . . . 9

 1.4.1.2 Surrogate indices of core temperature . . . . . . . . . . . . . . 10

1.4.2 Cardiac frequency . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

1.4.3 Sweat rate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

1.4.4 Skin temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

1.4.5 Psychophysical indices of thermal strain . . . . . . . . . . . . . . . . . . . 11

1.5 HEAT STRAIN INDICES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

1.6 AIMS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

1.6.1 Review of literature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

1.6.2 Database analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

1.6.3 Index verification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

1.7. REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

CHAPTER 2.REVIEW OF HEAT STRESS AND HEAT STRAIN LITERATURE

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18

2.1 INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18

2.2 INDICES OF PHYSIOLOGICAL STRAIN . . . . . . . . . . . . . . . . . . . . . . . 18

2.2.1 Core temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20



v

2.2.2 Cardiac frequency . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

2.2.3 Sweat rate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

2.2.4 Skin temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23

2.3 ENVIRONMENTAL, PHYSIOLOGICAL AND PSYCHOPHYSICAL

MEASURES THAT MAY BE USED TO PREDICT PHYSIOLOGICAL

STRAIN . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24

2.3.1 Environmental predictors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24

 2.3.1.1 Ambient temperature . . . . . . . . . . . . . . . . . . . . . . . . . 25

2.3.1.2 Water vapour pressure . . . . . . . . . . . . . . . . . . . . . . . . 25

2.3.1.3 Radiation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25

2.3.1.4 Air velocity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25

2.3.2 Physiological variables . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26

2.3.2.1 Core temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26

2.3.2.1.1 Oesophageal temperature . . . . . . . . . . . . . . . . . . . . . 27

2.3.2.1.2 Rectal temperature . . . . . . . . . . . . . . . . . . . . . . . . . 27

2.3.2.1.3 Additional methods of monitoring core temperature . . . . 28

2.3.2.2 Metabolic rate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29

2.3.2.3 Cardiac frequency . . . . . . . . . . . . . . . . . . . . . . . . . . . 29

2.3.2.4 Skin temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29

2.3.2.4.1 Insulated skin temperature . . . . . . . . . . . . . . . . . . . . 30

2.3.2.4.2 Zero gradient thermometer . . . . . . . . . . . . . . . . . . . . 31

2.3.2.4.3 Liquid crystal strips . . . . . . . . . . . . . . . . . . . . . . . . . 32

2.3.3 Psychophysical indices of strain . . . . . . . . . . . . . . . . . . . . . . . . 32

2.3.3.1 Thermal sensation . . . . . . . . . . . . . . . . . . . . . . . . . . . 32

2.3.3.2 Thermal comfort . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32

2.3.3.3 Perceived exertion . . . . . . . . . . . . . . . . . . . . . . . . . . . 33

2.3.4 Additional factors affecting heat strain . . . . . . . . . . . . . . . . . . . . 34

2.3.4.1 Clothing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34

2.3.4.2 Exposure time . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35

2.4 OVERVIEW OF HEAT STRESS AND STRAIN INDICES . . . . . . . . . . . . 35

2.4.1 Indices of heat stress . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36



vi

2.4.2 Indices of physiological strain . . . . . . . . . . . . . . . . . . . . . . . . . . 41

2.4.2.1 The Index of Physiological Effort . . . . . . . . . . . . . . . . . 41

2.4.2.2 The modified Craig index of physiological strain . . . . . . . 42

2.4.2.3 Physiological Strain Index . . . . . . . . . . . . . . . . . . . . . . 43

2.4.2.4 Cumulative Heat Strain Index . . . . . . . . . . . . . . . . . . . . 44

2.4.2.5 Comparison of heat strain indices . . . . . . . . . . . . . . . . . 45

2.4.3 Heat strain predictive modelling . . . . . . . . . . . . . . . . . . . . . . . . 46

2.5 RECOMMENDED PHYSIOLOGICAL LIMITS FOR WORKING

ENVIRONMENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47

2.6 SUMMARY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48

2.7 REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49

CHAPTER 3. PREDICTION OF BODY CORE TEMPERATURE . . . . . . . . 60

3.1 CHARACTERISTICS OF DATA AND STATISTICAL METHODS . . . . . . 63

3.1.1 Methods of analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67

3.2 PREDICTION OF OESOPHAGEAL TEMPERATURE . . . . . . . . . . . . . . 69

3.2.1 Analysis of individual trials . . . . . . . . . . . . . . . . . . . . . . . . . . . 69

3.2.1.1 Role of psychophysical variables . . . . . . . . . . . . . . . . . 69

3.2.1.2 Results and discussion . . . . . . . . . . . . . . . . . . . . . . . . 71

3.2.1.3 Effect of resting data on the prediction of oesophageal

temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74

3.2.1.3.1 Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74

3.2.1.3.2 Results and discussion . . . . . . . . . . . . . . . . . . . . . . . 74

3.2.1.4 Conclusions regarding analysis of individual experimental trials75

3.2.2 Prediction of oesophageal temperature: within study analysis . . . . . 77

3.2.2.1 Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79

3.2.2.2 Results and discussion . . . . . . . . . . . . . . . . . . . . . . . . 79

3.2.3 Prediction of oesophageal temperature: database analysis . . . . . . . . 84

3.2.3.1 Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84

3.2.3.2 Results and discussion . . . . . . . . . . . . . . . . . . . . . . . . 86

3.3 PREDICTION OF CHANGES IN OESOPHAGEAL TEMPERATURE USING



vii

INSULATED SKIN TEMPERATURE . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88

3.3.1 Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 89

3.3.2 Results and discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90

3.4 DEVELOPMENT OF THE FINAL PREDICTION EQUATIONS . . . . . . . . 93

3.4.1 Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 94

3.4.2 Results and discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 96

3.5 SUMMARY OF FINDINGS AND FUTURE DIRECTION . . . . . . . . . . . 100

3.6 REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101

CHAPTER 4. VALIDATION OF PREDICTION EQUATIONS . . . . . . . . . 103

4.1 DESCRIPTIVE ANALYSIS OF PREDICTION EQUATIONS USING

DATABASES FROM WHICH THE EQUATIONS WERE DERIVED . 103

4.1.1 Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 104

4.1.2 Results and discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 104

4.1.2.1 Database One (Data collected at 25-27°C) . . . . . . . . . . 104

4.1.2.2 Database Two (Data collected at 33°C) . . . . . . . . . . . . 106

4.1.2.3 Database Three (Data collected at 40°C) . . . . . . . . . . . 107

4.1.3 General conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 111

4.2 USE OF PREDICTION EQUATION IN INDEPENDENT DATABASES . . 112

4.2.1 Method . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 112

4.2.2 Results and discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 114

4.2.2.1. Analysis of equations for warm conditions (30-36°C) . . 114

4.2.2.2 Analysis of equations for hot conditions (40°C) . . . . . . . 117

4.2.3 General conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 119

4.3 USE OF PREDICTION EQUATIONS IN COMBINATION WITH

OCCUPATIONAL HEALTH AND SAFETY GUIDELINES . . . . . . . . . . . . 120

4.3.1 Method . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 121

4.3.2 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 121

4.3.2.1 Prediction of a 0.8°C and 1.0°C change in oesophageal 

temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 121

4.3.2.1.1 Analysis of equations for warm conditions (30-36°C) . . 121

4.3.2.1.2 Analysis of equations for hot conditions (36-40°C) . . . . 123



viii

4.3.2.2 Prediction of an oesophageal temperature of 38.0°C and

38.5°C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 124

4.3.2.2.1 Analysis of equations for warm conditions (30-36°C) . . 124

4.3.2.2.2 Analysis of equations for hot conditions (40°C) . . . . . . 126

4.3.3 Data interpretation and conclusions . . . . . . . . . . . . . . . . . . . . . 127

4.4 STATISTICAL COMPARISON OF GROUP A AND C EQUATIONS USING

DATA COLLECTED AT 30°C AND 40 . . . . . . . . . . . . . . . . . . . . . 128

4.4.1 Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 129

4.4.2 Results and discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 129

4.5 USE OF PREDICTION EQUATIONS WITH EXISTING HEAT STRAIN

INDICES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 131

4.5.1 Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 131

4.5.2 Results and discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 132

4.5.3 Data interpretation and conclusions . . . . . . . . . . . . . . . . . . . . . 135

4.6 SUMMARY AND CONCLUSIONS . . . . . . . . . . . . . . . . . . . . . . . . . . 137

4.7 REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 139

CHAPTER 5. CONCLUSION AND RECOMMENDATIONS . . . . . . . . . . 140

5.1 SUMMARY OF CONCLUSIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . 140

5.2 RECOMMENDATIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 143

5.3 REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 145

APPENDIX A. SIMPLE AND MULYIPLE REGRESSION MODELS . . . . . 146

APPENDIX B. IMPLEMENTATION OF THE THEORETICAL BASIS FOR A

PERSONAL HEAT STRAIN MONITOR . . . . . . . . . . . . . . . . . . . 152



ix

LIST OF FIGURES

Figure 1.1: Distribution of rectal temperature responses of 100 males after 1 and 5

hours of exercise (1.0 lAmin-1) in a 32°C wet bulb environment . . . . . . . . . . . . . . 7

Figure 2.1: Role of heat stress in development of heat strain and illness . . . . . . . 19

Figure 2.2: Equivalent combinations of ambient temperature and air humidity for

eight heat stress indices . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38

Figure 2.3: Comparison of lines of equivalent physiological strain (dashed) with lines

of equivalent wet bulb globe temperature (straight) . . . . . . . . . . . . . . . . 39

Figure 3.1: Relationship between oesophageal temperature and insulated skin

temperature during two trials. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61

Figure 3.2: Photograph of insulated skin temperature (left). . . . . . . . . . . . . . . 66

Figure 3.3: Prediction of oesophageal temperature (Tes): individual analysis . . . . 72

Figure 3.4: Prediction of oesophageal temperature using insulated skin temperature

only: continuous, exercise and resting data analysis . . . . . . . . . . . . . . . 76

Figure 3.5: Relationship between insulated skin temperature and oesophageal

temperature for individual trials across different studies . . . . . . . . . . . . . 78

Figure 3.6: Prediction of oesophageal temperature: Study Analysis. . . . . . . . . . 81

Figure 3.7: Relationship between insulated skin and oesophageal temperatures across

all studies. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85

Figure 3.8: Prediction of oesophageal temperature: Database Analysis. . . . . . . . 87

Figure 3.9: Prediction of oesophageal temperatures using three methods. . . . . . . 91

Figure 3.10: Prediction of oesophageal temperature: Final regression equations . . 98

Figure 4.1: Relationship between measured and predicted oesophageal temperatures

for prediction equations developed at an air temperature of 25-27°C. . . . 105

Figure 4.2: Relationship between measured and predicted oesophageal temperatures

for prediction equations developed at an air temperature of 33°C . . . . . . 108

Figure 4.3: Relationship between measured and predicted oesophageal temperatures

for prediction equations developed at an air temperature of 40°C. . . . . . 109

Figure 4.4: Examination of the relationship between measured and predicted

oesophageal temperatures for prediction equations developed at an air

temperature of 33°C applied to Taylor et al (2001) database . . . . . . . . . 115



x

Figure 4.5: Examination of the relationship between measured and predicted

oesophageal temperatures for prediction equations developed at an air

temperature of 40°C applied to Fogarty (2002) database . . . . . . . . . . . 118

Figure 4.6: Summary of relationship between predicted change in oesophageal

temperature (0.8° and 1.0°C) and measured change in oesophageal

temperature (Tes) for individual trials. . . . . . . . . . . . . . . . . . . . . . . . 122

Figure 4.7: Summary of measured oesophageal temperature relating to a predicted

oesophageal temperature (Tes) of 38.0°C and 38.5°C for individual trials. 125

Figure 4.8: Relationship between physiological strain indices using measured and

predicted Tes in independent databases. . . . . . . . . . . . . . . . . . . . . . . 133

Figure 4.9: Distribution of residual PSI values for independent databases. Values are

the measured value subtracted from the predicted value. . . . . . . . . . . . 134



xi

LIST OF TABLES

Table 1.1: Acute heat illnesses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

Table 1.2: Epidemiology of heat illness in the mining industry and the defence forces

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

Table 3.1: Research study characteristics and text reference . . . . . . . . . . . . . . . 64

Table 3.2: Analysis of individual trials . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70

Table 3.3: Measurements available for inclusion in the four stages of regression

modelling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80

Table 3.4: Descriptive information for the final regression equations for the

prediction of oesophageal temperature . . . . . . . . . . . . . . . . . . . . . . . . 95

Table 3.5: Simple and multiple linear regression models to predict oesophageal

temperature using a range of predictor variables . . . . . . . . . . . . . . . . . . 97

Table 4.1: Characteristics of independent databases . . . . . . . . . . . . . . . . . . . 113

Table 4.2: Variability of Tes explained by the prediction model, and standard error of

the estimate for eight prediction equations . . . . . . . . . . . . . . . . . . . . . 116

Table 4.3: Accuracy of using prediction equations from Group A and C to predict

measured oesophageal temperature relating to industrial strain guidelines 130



xii

LIST OF COMMON ABBREVIATIONS

CHSI Cumulative Heat Strain Index

fc Cardiac Frequency / Heart Rate

 fcmax Maximum cardiac frequency

IPE Index of Physiological Effort

ISO International Organisation for Standardisation

PSI Physiological Strain Index

r Correlation Coefficient

r2 Proportion of explained variability

RPE Rating of Perceived Exertion

S.E.E.y Standard error of the estimate

Ta Air Temperature

Tes Oesophageal Temperature

Tc Core Temperature

Tre Rectal Temperature

Tskin-insul Insulated Skin Temperature

Tsk Skin Temperature

6Tsk Mean Skin Temperature

V0 02 Oxygen Consumption

WBGT Wet Bulb Globe Temperature


	University of Wollongong - Research Online
	Theoretical bases for a personal heat strain monitor
	Recommended Citation

	Copyright warning
	Title page
	Abstract
	Acknowledgements
	Table of contents
	List of figures
	List of tables
	List of common abbreviations

