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Introduction
A brief overview of the theory of humid air is given in order to better 
understand the phenomenon of condensation in building constructions.

The following quantities are defined:
- absolute air humidity
- vapour pressure
- saturation vapour pressure
- relative humidity
- dew point

Theory of humid air
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The air in the outdoors or indoors environment is a 
mixture of nitrogen (78 %), oxygen (21 %), argon, carbon 
dioxide and water vapour.

How to quantify the amount of water vapour ?

Method 1
absolute air humidity x  [g/kg]
= weight of H2O / weight of dry air

Method 2
vapour pressure  p  [Pa]
= partial pressure of H2O molecules

x and p are equivalent quantities (if x is known, also p is). 

Absolute air humidity and vapour pressure
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VOCHTIGE LUCHT EN CONDENSATIE

3

Moist air can be described as an ideal mix of dry air and water vapour

Water vapour in air

avg ppP +=
𝑝𝑝𝑎𝑎 = 𝜌𝜌𝑎𝑎𝑅𝑅𝑎𝑎𝑇𝑇dry air

𝑝𝑝𝑣𝑣 = 𝜌𝜌𝑣𝑣𝑅𝑅𝑣𝑣𝑇𝑇vapour

Pg total gas pressure (Pa)
pa dry air partial pressure (Pa)
pv vapour partial pressure (Pa)
T absolute temperature (K)
Rj gas constant ( J/(Kg.K))

𝜌𝜌𝑣𝑣 vapour concentration (kg/m³)

KKgJRv ./462=

KKgJRa ./287=

atmPaPg 1105 =≈

(Pa)

𝒙𝒙 =
𝝆𝝆𝒗𝒗
𝝆𝝆𝒂𝒂

≈ 𝟎𝟎. 𝟔𝟔𝟔𝟔.
𝒑𝒑𝒗𝒗

𝑷𝑷𝒈𝒈 − 𝒑𝒑𝒗𝒗
𝒙𝒙 absolute air humidity (kg/kg)
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Saturation vapour pressure

The amount of vapour in the air is limited, i.e. air can be saturated.
The maximal vapour pressure is called the saturation vapour pressure ps
This value of ps depends on the air temperature.

Saturation vapour pressure
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Relative humidity

In a normal environment the amount of vapour is lower than the saturation level.
The ratio between the vapour amount present and the saturation amount is called 
the relative humidity ϕ .

Relative humidity
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If humid air is cooled without changing its humidity contents, saturation 
will occur at a certain temperature that is called the dew point θd .
θd , x and p are equivalent quantities (if one is known, also the others are).

Dew point
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Surface condensation occurs when the surface temperature is lower than 
the dew point of the air.

Condensation
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The indoors absolute air humidity is normally higher than the outdoors air 
humidity because of evaporation by people, plants and activities.

Air humidity: indoor vs. outdoors
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EN ISO 13788 (Hygrothermal performance of building components and building elements - 
Internal surface temperature to avoid critical surface humidity and interstitial condensation 
– Calculation methods) for the assessment of mould growth

Surface condensation on thermal bridges - example
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Surface condensation on window frames and glazing - example
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The program GLASTA (1D method of Glaser) is demonstrated.
Glasta project file GL_EXAMP2.glp

Interstitial condensation - example
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The Physibel online tool: https://apps.physibel.be/psychrometrics/ allows to derive the humid 
air properties discussed above. 

The validity range temperature is from −30 °C to 100 °C.

Air humidity calculation online tool

https://apps.physibel.be/psychrometrics/
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