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Thermal balance
• Thermal equilibrium is maintained in various environments through physiological and 

behavioral adaptation (homeothermy)

Thermal stress and thermal comfort
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Occupational exposure 

• Industrial processes with specific heat sources 
Foundries, glass factories, bakeries, kitchen chemical 
industry…Confined areas

• Confined areas in hot and/or moist environments
Underground work, wearing heavy protective 
equipment

• Outdoor work during hot days  
Building work, agriculture…

Heat stress – exposure situations
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Prevalence of heat exposure 
among EU workers [%]



General population
• Extreme heat, Heat waves

> 30-35 °C during the day
> 20°-25°C at night
3 consecutive days 
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• Vulnerable individuals
Elderly, young children, people with 
mental illness, drug and alcohol abusers 

• Intense physical activity 

Heat stress – exposure situations



Thermal homeostasis
• Balance between the internal heat (metabolic) 

production and external losses

Heat stress – mechanism
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The heat produced by the human 
body must be expended to prevent 
overheating ! 



Heat stress – mechanism
Environmental factors 
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• Ambient temperature (Ta)
Influence convection, conduction and evaporation process
~T

• Radiant temperature (Tr)
Influence radiation (hot surface, sunlight)
~T4

• Relative humidity (RH)
Influence evaporation and convection
~e-RH

• Air speed (V)
Convection 
~V
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• depending on metabolic activity

Heat stress – Individual factors
Internal heat production (H)
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Energy produced 
[W/m2]

ExamplesActivity 
intensity

65Sleeping, restingRest

100Sitting, office workLight 

165Walking, hand/arm workModerate 

230Climbing stairs, runningHigh

290Whole body intense activity (e.g. 
digging a trench)

Very high



Heat stress – individual factors
Thermal insulation
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• Hindering heat exchanges through 
clothing insultation

• Thermal insulation clothing unit 
[clo]
1 clo = 0.155°C m2 W-1



ISO 7933
• Core temperature maintained through 

convention and evaporation

Heat stress – mechanisms
Modelling heat balance
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Heat stress – effects
Adaptative mechanism, thermoregulation 

10

• Maintaining the body core temperature < 38°C

• Sweat regulation 

• Vasodilation of peripheral blood vessels

• Acclimatization
• Physiological adaptation process (~10 days)
• More abundant and better distributed 
• Lower core temperature 
• Lower heart rate 
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• Swelling (hands, feet), cramps (electrolyte 
imbalance)

• Increased core temperature, dehydration, 
syncope (drop in blood pressure )

• Heat stroke (inability to maintain heat 
balance), cardiac arrest

Delayed effects 

Heat – Effects 
Immediate effects 
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• Sleep disorders, exhaustion
• Kidney disorders, metabolic regulation
• Mental health



• Increase of mortality in 
vulnerable populations 

• Attracts attention during heat 
waves

• Moderate compared to winter 
mortality

Mortality
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Heat – Effects 



Assessing heat stress
• Focused on environmental condition 
• Temperature or WBGT measurements
• Meteorological data 

Assessing heat strain
• Individual response (includes variability)
• Data protection issues 
• Measuring sweating, skin temperature, 

heart rate

Heat stress – assessment 
Strategy
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Heat Stress
Env. factors, 
heat
exchange

Strain
Body response, 
core temperature, 
dehydratation



Web Bulb Globe Temperature

• Adjusted temperature, taking into 
account the heat exchange mechanisms

• Empirical model 
• Combines three temperature 

measurements

Heat stress – assessment 
WBGT measurement
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Without sunlight

With sunlight

Tg: globe temperature
Tnw: wet temperature
Ta: ambient 
temperature 



Field measurement
• Summer period
• Construction work

Heat stress – assessment 
WBGT measurement
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Preparation of slab formwork base



Thresholds expressed in WBGT temperatures 
• Taking into account: physical activity, acclimatization and 

exposure time 
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Heat stress – assessment 
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Question (3.2a)

Is this work situation acceptable ?

Case study
Mr. White at work

Mr. White works in a clothing cleaning company (laundry), which has a wet 
temperature of 32°C and a radiation temperature of 30°C. 

He is responsible for loading and unloading laundry. He spends about half of the 
workday doing this activity, and the other half on administrative tasks (order entry). 
He has been with the company for approximately 12 years. 



• Compute the WBGT (without sunlight)  
• The equivalent temperature is: 31.4 °C 

Case-study solution
Question 3.2b
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nwg t 0.7  t 0.3  WBGT 

• This temperature is barely tolerable for light work 
(31.5°C), but not for medium or more intense work 
(considering ISO 7243). 

• This would also be true according to the 
recommendations valid in Switzerland, as long as 50% of 
the work is done in a "cool" area. 



• Artificial cold environments: refrigeration 
plants, food conservation, ice rinks 

• Outdoor work in winter (altitude, extreme 
cold, wind)
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Cold stress – exposure situation
Occupational exposure

General population 

• Outdoor activities in winter (altitude, 
extreme cold, wind)

• Cold water exposure



Question (3.2b)

Is there a risk to Mr. White's health? Justify your 
answer based on the heat exchange mechanisms 
involved. 

Case study
Mr. White in holidays

Mr. White is on vacation in the mountains. He decides to climb to the top of the 
slopes on snowshoes (approx. 3,000 meters above sea level). He is wearing a full 
warm suit (face partly uncovered). 

On the top of the slope, the air temperature is -10°C and the wind speed is 40 km/h. 



Heat exchange mechanisms
• Conduction, convection, radiation and 

evaporation
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Cold stress – mechanisms 

Key factors 
• Exposure time 
• Skin insulation 
• Conductive medium (sweat, cold water)
• Wind



Cold stress – effects
Adaptative mechanism, thermoregulation 
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• Maintaining the body core temperature 
>36 °C

• Physiological

• Vasoconstriction of the peripheric vessels
• Heart rate 
• Skin contraction 
• Shivering (local heat production)

• Behavioral
• Dressing
• Increasing physical activity 
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Direct effect
• Frostbite
• Hypothermia
• Loss of manual dexterity 
• Increase in reaction time
• Exhaustion 
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Cold stress – effects 

Vulnerable groups 
• Pregnant women
• Cold-induced asthma 
• People:

• Over 55 years old 
• With chronic diseases: cardiovascular, diabetes, 

hypertension,…
• Suffering from white fingers disease (Raynaud’s 

syndrome)
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The Wind hill chart
• Acute cold exposure, unprotected skin
• Equivalent temperature
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Cold stress – assessment
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Thermal confort

• High inter-individual variability

• No “one-size fits all” thermal 
conditions 

• Typically recommended in offices 

Temp: 19-21 °C
RH: >20 %
Vair: < 0.25 m/s
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Thermal confort - assessment
• High inter-individual variability
• No “one-size fits all” thermal conditions 

Source: 
comments OLT3 
and OLT4

50% humidity, 
10% PPD,
<0.1 m/s air mvt
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Thermal confort
• Ambiant temperature 

Tamb. =mean (Tair, Trad)

• Humidity
• Large range, little perception of humidity 

variation 
• Winter 30-50% RH, Summer 40-60% RH

• Air movements
• Draught rating
• Air temp, air mvt, 

turbulence
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Thermal comfort - PPD
• Comfort criteria based on the predicted 

number of dissatisfied 
Tamb. =mean (Tair, Trad)

But:

Ideal ambient 
conditions means you 
have still 10% of 
dissatisfied 

job dissatisfaction is a 
strong confounding 
factor


