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What is hygrothermal behaviour?
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What is hygrothermal behaviour?

“the change in a material’s physical properties as a result of the simultaneous 
absorption, storage and release of both heat and moisture” (Hall & Casey, 2012).
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NO! 

I do not recommend!

YES! 

I prefer this type of 
internal insulation 
system!

CONFLICT

Vapour-tight Vapour-open, capillary active Vapour-open, non-capillary active
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interiorexterior

Vapour-open, non-capillary active
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Especially not, 
considering wooden 
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wooden beam ends. 

CONFLICT
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?? ??? ?

Lack of knowledge about hygrothermal behaviour of 
vapour-open, non-capillary active internal insulation systems.

Missing link between theory and practice.
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Vapour-open, non-capillary active

Main Problem Statement:

There is a lack of knowlegde about the hygrothermal behaviour and risks of vapour-open, non-capillary 
active internal insulation for solid brick masonry for historic residential buildings. 

Problem
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Vapour-open, non-capillary active

Main Objective:

To gain insight into the most influential hygrothermal properties of vapour-open, non-capillary active 
internal insulation for historic solid brick masonry.

Objective
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Vapour-open, non-capillary active

Main Research Question:

What hygrothermal property of vapour-open, non-capillary active internal insulation for historic solid brick 
masonry influences the hygrothermal behaviour of this facade most?

Research Question
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vapour diffusion resistance factor (μ)

water absorption coefficient (A)
soprtion isotherm

d

Vapour-open, non-capillary active insulation
1. Background Research

vapour diffusion resistance factor (μ)

μd - value [m]

d

System

Vapour-tight Low, 
λ = 0.03 - 0.04 W/mK

μ > 60000
μd > 3 m -

Vapour-open, non-capillary active Low, 
λ = 0.03 - 0.04 W/mK

μ = 5 - 50
μd < 3 m -

Vapour-open, capillary active Medium, 
λ = 0.06 - 0.065 W/mK

μ = 5 - 15
μd < 3 m

High, 
A > 0.2 kg/m

Vapour diffusion
 resistance factor (μ) 

[-]

Water absorption 
coefficient (A)  

[kg/m²√s]

Thermal conductivity 
coefficient (λ) 

[W/mK]

water absorption coefficient (A)
soprtion isotherm
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vapour diffusion resistance factor (μ)
 =1.2 - 1.5

μd - value [m]
 = 0.06 - 0.075 < 3.0 m

50

Traditional Cork 0.040 - 0.045 5 - 30 -
Cellullar glass 0.042 5000 - 7000 -
Glasswool 0.040 1.2 0
Rockwool 0.040 1.5 0
EPS 0.035 15 - 200 0.00001
XPS 0.030 200 - 250 0
PUR/PIR 0.030 60 - 80 0

Modern Aerogel 0.013 3 - 5 0
Vacuum panel 0.007 1500000 0.000008
Calcium silicate 0.060 6 - 9 0.8 - 1.1
Wood fibre board 0045 10 - 16 0.2 - 0.3

Vapour-open, 

Thermal conductivity 
coefficient (λ) 

[W/mK]

Vapour diffusion 
resistance factor (μ)  

 [-]

Water absorption 
coefficient (A) 

[kg/m²√s]
Material

these materials can 
be part of a vapour-
tight or vapour-
open. non-capillary 
active system.

capillary active

water absorption coefficient (A)
 = 0 < 0.2 kg/m²√s
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3. Parameter Study
Content
• Input

• Performance Indicator

• Parameters

• Single variation of parameters

• Combining parameters

• Variation of two parameters

• Relation maximum relative humidity and performance indicator

• Prediction method
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3. Parameter Study
Input - outdoor boundary condition

Outdoor temperature
Outdoor relative humidity

Te
m

pe
ra

tu
re

 [°
C]

Re
la

tiv
e 

H
um

id
ity

 [%
]

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

January

February

M
arch

April

M
ay

June

July

August

Septem
ber

O
ctober

N
ovem

ber

Decem
ber

-20

-15

-10

-5

0

5

10

15

20

25

30

35

40

WUFI 2D.4 - Sine Curves - Outdoor Condition moisture load



66RecommendationsConclusionParameter studyAssessment hygrothermal performanceBackground ResearchIntroduction

In
do

or
 R

el
at

iv
e 

H
um

id
ity

 [%
]

Outdoor Temperature [°C]
1550-5-10-15 10

50

45

40

35

30

25

20

WTA Guideline 6-2

indoor climate classes - indoor relative humidity

70

65

60

55

3020 25

75

normal moisture load

indoor climate classes - indoor temperature

In
do

or
 T

em
pe

ra
tu

re
 [°

C]
Outdoor Temperature [°C]

1550-5-10-15 10

20

15
3020 25

30

25

WTA Guideline 6-2

3. Parameter Study
Input - indoor boundary condition

Normal moisture load: ‘houses, 
normal situations, including kitchens 
and bathrooms’

Indoor temperature
Indoor relative humidity



67

3. Parameter Study
Input - indoor boundary condition

Normal moisture load: ‘houses, 
normal situations, including kitchens 
and bathrooms’

Indoor temperature
Indoor relative humidity

RecommendationsConclusionParameter studyAssessment hygrothermal performanceBackground ResearchIntroduction

Te
m

pe
ra

tu
re

 [°
C]

Re
la

tiv
e 

H
um

id
ity

 [%
]

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

January

February

M
arch

April

M
ay

June

July

August

Septem
ber

O
ctober

N
ovem

ber

Decem
ber

-20

-15

-10

-5

0

5

10

15

20

25

30

35

40

WTA Guideline 6-2 - Indoor climate class - normal moisture load



68

3. Parameter Study
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3. Parameter Study
Parameters

0 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 0 0.2 0.4 0.6 0.8 1.0 1.2

0 1.0 2.0 3.0 4.0 5.0 6.0 0 5 10 15 20 25 30 35 40

0.2

µd-value [m] µd-value [m]

Rc-value [m2K/W] Moisture content at 80% relative humidity [kg/m3]

0.10

0.42

1.66

0.07

0.26

1.04

0.52

1.25

2.50

5.00

2.25

4.5

36

9.0

A1,ref

A1 A2

A3 A4

A2,ref

A3,ref A4,ref



71RecommendationsConclusionParameter studyAssessment hygrothermal performanceBackground ResearchIntroduction

0 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 0 0.2 0.4 0.6 0.8 1.0 1.2

0 1.0 2.0 3.0 4.0 5.0 6.0 0 5 10 15 20 25 30 35 40

0.2

µd-value [m] µd-value [m]

Rc-value [m2K/W] Moisture content at 80% relative humidity [kg/m3]

0.10

0.42

1.66

0.07

0.26

1.04

0.52

1.25

2.50

5.00

2.25

4.5

36

9.0

A1,ref

A1 A2

A3 A4

A2,ref

A3,ref A4,ref

Parameters - range of values
3. Parameter Study



72

0 1 2 3 4 5 60

0.10 - Wood Fibre

0.52

1.65 - EPS

0.26

1.04

2.5 - PU

5.0 - XPS

µd-value [m]

0.07

A2

RecommendationsConclusionParameter studyAssessment hygrothermal performanceBackground ResearchIntroduction

3. Parameter Study

Mineral Wool

Extruded Polystyrene

Parameters - range of values

325 50 12.5

10
00

Solid brick masonry layer
moisture storage capacity [kg/m�]

Insulation layer
μd - value [m]

Finishing layer
μd - value [m]

Insulation layer
Rc - value [m�K/W]

A1

A2

A3

A4



73

0 1 2 3 4 5 60

0.10 - Wood Fibre

0.52

1.65 - EPS

0.26

1.04

2.5 - PU

5.0 - XPS

µd-value [m]

0.07

A2

RecommendationsConclusionParameter studyAssessment hygrothermal performanceBackground ResearchIntroduction

3. Parameter Study
Single variation
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3. Parameter Study
Single variation
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Variation of two parameters
3. Parameter Study
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Variation of two parameters - results
3. Parameter Study
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Variation of two parameters - results
3. Parameter Study
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Relation relative humidity and number of exceedances
3. Parameter Study
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Prediction Method
3. Parameter Study

I = I0 * (a1n)n11 * (a2n)n22 * (a3n)n33 * (a1n)n12*(a2n-1) * (a1n)n13*(a3n-1) * (a2n)n23*(a3n-1)  

Where, 

a1n = a1/a1,ref ;
a2n = a2/a2,ref ;
a3n = a3/a3,ref ;
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Prediction Indicator
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Prediction Method - results
3. Parameter Study
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Prediction Method - results
3. Parameter Study

I = I0 * (a1n)n11 * (a2n)n22 * (a3n)n33 * (a1n)n12*(a2n-1) * (a1n)n13*(a3n-1) * (a2n)n23*(a3n-1)  

Where, 

a1n = a1/a1,ref ;
a2n = a2/a2,ref ;
a3n = a3/a3,ref ;

maximum daily mean relative humidity
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Main Research Question:

What hygrothermal property of vapour-open, non-capillary active internal insulation for historic solid brick 
masonry influences the hygrothermal behaviour of this facade most?

4. Conclusion

RecommendationsConclusionParameter studyAssessment hygrothermal performanceBackground ResearchIntroduction

Solid brick masonry layer
moisture storage capacity [kg/m�]
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Solid brick masonry layer
moisture storage capacity [kg/m�]

Main Research Question:

What hygrothermal property of vapour-open, non-capillary active internal insulation for historic solid brick 
masonry influences the hygrothermal behaviour of this facade most?

4. Conclusion
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Solid brick masonry layer
moisture storage capacity [kg/m�]

Higher moisture storage capacity.
Red soft brick, pore structure with a 
capillary network.

Lower moisture storage capacity. 
Tougher brick, pore structure with 
large closed pores.
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Q

Q
Q
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V
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4. Conclusion
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Solid brick masonry layer
moisture storage capacity [kg/m�]

Higher moisture storage capacity.
Red soft brick, pore structure with a 
capillary network.

Lower moisture storage capacity. 
Tougher brick, pore structure with 
large closed pores.
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4. Conclusion

5. Recommendations

6. Discussion

7. Reflection
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5. Recommendations
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Moisture storage capacity of solid brick masonry
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5. Recommendations
Moisture storage capacity of solid brick masonry
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Rc - value [m�K/W]
insulation layer

sum μd - values [m]
finishing and insulation layer

moisture storage capacity [kg/m�]
solid brick masonry layer

a1

a2

a3

B1 B2

indoor temperature and 
relative humidity
indoor climate class

Outdoor temperature and 
relative humidity
outdoor environment

5. Recommendations
Guideline risk-free hygrothermal performance
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Rc - value [m�K/W]
insulation layer

sum μd - values [m]
finishing and insulation layer

moisture storage capacity [kg/m�]
solid brick masonry layer

a1

a2

a3

B1 B2

indoor temperature and 
relative humidity
indoor climate class

Outdoor temperature and 
relative humidity
outdoor environment

5. Recommendations

Rc - value [m�K/W]
insulation layer

sum μd - values [m]
finishing and insulation layer

moisture storage capacity [kg/m�]
solid brick masonry layer

a1

a2

a3

B1 B2

indoor temperature and 
relative humidity
indoor climate class

Outdoor temperature and 
relative humidity
outdoor environment

µd-value a1         
[m]

Rc-value a2 
[m²K/W]

MC at 80% a3 
[kg/m³]

0.17 < a1 < 3.0 < 2.5 > 36
0.36 < a1 < 3.0 < 1.25 > 9
1.46 < a1 < 3.0 < 2.5 > 2.25
1.46 < a1 < 3.0 2.5 < a2 < 5 > 9
0.68 < a1 < 3.0 1.25 < a2 < 5 > 36
0.68 < a1 < 3.0 < 1.25 > 2.25

µd-value a1         
[m]

Rc-value a2 
[m²K/W]

MC at 80% a3 
[kg/m³]

0.36 < a1 < 0.68 < 1.25 > 9
0.68 < a1 < 3.0 < 1.25 > 2.25
0.17 < a1 < 1.46 < 2.5 > 36
1.46 < a1 < 3.0 < 2.5 > 2.25
0.68 < a1 < 1.46 < 5 > 36
1.46 < a1 < 3.0 < 5 > 9

µd-value a1         
[m]

Rc-value a2 
[m²K/W]

MC at 80% a3 
[kg/m³]

0.68 < a1 < 1.46 < 1.25 > 2.25
1.46 < a1 < 3.0 1.25 < a2 < 2.5 > 2.25
0.36 < a1 < 1.46 < 1.25 > 9
1.46 < a1 < 3.0 1.25 < a2 < 5 > 9
0.17 < a1 < 0.68 < 2.5 > 36
0.68 < a1 < 3.0 2.5 < a2 < 5 > 36

Guideline risk-free hygrothermal performance
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5. Recommendations
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30 280 5 325 101

10 325 5 125 30 1 103255300301

north-east facade dining room south-west facade living room

Case Study
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5. Recommendations

RecommendationsConclusionParameter studyAssessment hygrothermal performanceBackground ResearchIntroduction

Information must consist of:

• The properties of the existing and new façade materials;
• Hourly monitoring of:

• The relative humidity and temperature at the interface between masonry and insulation layers;
• The relative humidity and temperature of the indoor environment;
• The outdoor environment, including temperature, relative humidity, wind-driven rain, solar radiation 

and precipitation;
• Monitoring for longer than one year in a building in use. 
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6. Discussion

• Methods

• Parameter study

• Future research

Content
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• Research by simulations

• Improving by validated simulations

Methods
6. Discussion



105

• Homogeneous brick layer

• Parameters

• Range of values

• Hydrophobation

6. Discussion
Parameter study
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6. Discussion

• Variation of three parameters

• Representative outdoor environment

• Two- and three-dimensional situations

• Long-term research

Future research
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7. Reflection
• Dealing with different perspectives

• Abandoning initial plan

• Decision-making



Thank You!


