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The hygrothermal performance of embedded wooden beams in solid brick masonry
with interior capillary active insulation
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Problem statement

• Need to reduce the use of finite materials and mitigate climate change by 
reducing greenhouse gas emissions and building energy consumption

• The application of interior insulation can cause hygrothermal risks due to 
changes in hygrothermal performance of the wall

• More insight into the effect of these changes is needed and possible solutions, 
like capillary active insulation, are further researched

Without insulation With standard insulation With cap. act. insulation
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Problem statement

• Hygrothermal simulation software to simulate 
performance in a relative short amount of time
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To provide insight into the key parameters effecting the hygrothermal safety of 
embedded wooden beams in solid brick masonry when interior capillary active 

insulation is applied

Objective
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Objective

• What are the key parameters that affect the hygrothermal simulation most?

• Sobol sensitivity analysis 

• Delphin hygrothermal simulation software

• Python programming

• How can the hygrothermal performance of a building component be 
visualised? 

• Delphin hygrothermal simulation software

• Python programming

• Delphin postprocessor PostProc

Python

Delphin

PostProc
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Methodology
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Methodology
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Methodology - Geometry

• One-and-a-half solid masonry wall with 200mm high embedded wooden 
beam and 75mm of insulation + gypsum finishing board 

• Location: Essen, Germany

• Orientated: 270° (west) + 90° (vertical)

• Outdoor dynamic measured weather data, including temperature, short/long 
wave solar radiation, relative humidity and rain load

• Indoor dynamic WTA 6.2 + 5% increased moisture load
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Methodology – Material properties

unit Gypsum 

[ID: 81]

Wood X/Y 

[ID: 711/712]

Brick 

[ID: 1824]

Insulation 

[ID: 1780]

Density [kg/m3] 850 393.7 1698.3 186.9

Specific heat capacity [J/kgK] 850 1843 929 1100

Thermal conductivity [W/mK] 0,2 0.11/0.15 0.599 VAR

Vapour diffusion resistance factor [-] 10 186.1/4.6 VAR VAR

Open porosity [kg/m3] 650.0 737.5 359.1 929.5

Effective saturation [kg/m3] 551.0 728.1 324.1 928.8

Hygroscopic sorption value at RH= 80% [kg/m3] 7.2 58.9 CAL CAL

Water uptake coefficient [kg/m3/s0,5] 0.28 0.012 0.097 0.85

Pore size distribution factor (n-value) [-] - - VAR VAR
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Methodology – Sensitivity analysis

• Run Sobol sample generator with parameters, bounds, 
number of variations and output indices

• N-value represents the accuracy and reliability of the 
sensitivity analysis and determines the number of samples 
generated and is set to 128

• Parameter data frame saved to be used multiple times 
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Methodology – Simulation variants 

• Three template files with placeholders are used to generated 
simulation jobs: {MF-I01.m6}, {MF-B01.m6}, {SF_MF-I01-B01.d6p}

• Data file layout for 1 simulation:

• Moisture content of simulation 1:

- [Day 1: [Coordinate 1, Coordinate 2, Cn]

- Day 2: [Coordinate 1, Coordinate 2, Cn]

- Day 2: [Coordinate 1, Coordinate 2, Cn]]

• Temperature content of simulation 1: 

- [Day 1: [Coordinate 1, Coordinate 2, Cn]

- Day 2: [Coordinate 1, Coordinate 2, Cn]

- Day 2: [Coordinate 1, Coordinate 2, Cn]]
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Methodology – Dose calculation

• With the logistic dose-response model the dose is 
calculated using a moisture and temperature 
component

• Gives an indication of wood decay. Where the dose is a 
number in days  

𝐷𝑢 𝑢 ∗ = 𝑒 ∗ 𝑢5 − 𝑓 ∗ 𝑢4 + 𝑔 ∗ 𝑢3 − ℎ ∗ 𝑢2 + 𝑖 ∗ 𝑢 − 𝑗

𝐷𝑇 𝑇 ∗ = 𝑘 ∗ 𝑇4 + 𝑙 ∗ 𝑇3 −𝑚 ∗ 𝑇2 + 𝑛 ∗ 𝑇

if Du > 0 and Dt > 0

𝐷 = 𝑎 ∗ 𝐷𝑇 𝑇 + 𝐷𝑢 𝑢 ∗ 𝑎 + 1 −1
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Methodology – Dose calculation

• Wood decay rating gives the progression of the decay

• Decay rating 0 (no attack) -

• Decay rating 1 (slight attack) 230 days

• Decay rating 2 (moderate attack) 360 days

• Decay rating 3 (severe attack) 520 days

• Decay rating 4 (failure) 1400 days

• Inherent material resistance includes the effect of different 
wood species and corresponding wood properties 

• Spruce as reference wood species
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Methodology – Output variables

• Multiple analysis conducted on output variables

• SA 1: Maximum moisture content in the beam

• SA 2: Average moisture content in the beam

• SA 3: Maximum dose value of the beam

• SA 4: Average dose values of the beam

Geometry selection for 
sensitivity analysis
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Results – Sensitivity analysis

• SA 1: Maximum moisture content in the beam

• No influence of I_TC, I_WVDRF and B_WVDRF

• 16.9% of I_NV and 91.8% of B_NV

• SA 2: Average moisture content in the beam

• No influence of I_TC, I_WVDRF and B_WVDRF

• 2 % of I_NV and 97% of B_NV

• Indicates I_NV is more influential in moisture extremes and B_NV in 
long term effects

• Uncertainty in results
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Results – Sensitivity analysis

• SA 3: Maximum dose content in the beam

• No influence of I_TC, I_WVDRF and B_WVDRF

• 52.4% of I_NV and 54.5% of B_NV

• SA 4: Average dose content in the beam

• No influence of I_TC, I_WVDRF and B_WVDRF

• 15.2% of I_NV and 86% of B_NV

• Indicates I_NV is more influential in moisture extremes and B_NV in 
long term effects

• Difference between maximum values as a result from dose 
boundary conditions
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Results – Tool for wood decay assessment

• To visualise potential of wood decay

• Development over time

• Changes in boundary conditions

• Changes in geometry

• Changes in material type

• Improve hygrothermal risk assessment
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Results – Development over time

Dose after 1 year Dose after 2 years Dose after 3 years
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Results

Wind driven rain 

Dose after 4 years Dose after 7 years Dose after 10 years

Without

With
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Results

Orientation

Dose after 4 years Dose after 7 years Dose after 10 years

East

West
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Results

Pre / post insulation

Moisture content Temperature Dose

Pre

Post
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Results

Material type

Moisture content Temperature Dose

Standard

Capillary active
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Conclusion

What influences the hygrothermal safety of embedded wooden beam in solid brick 
masonry with interior capillary active insulation most and how to mitigate the risk of 

wood decay?
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Conclusion

• Exterior boundary conditions, such as rain load, solar radiation and 
orientation are more dominant on hygrothermal performance of the 
geometry

• Material properties are of secondary importance. Revealing positive 
contribution to the prevention of wood decay but incapable of reducing 
moisture content to levels that prevent wood decay completely
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Recommendation

• Further research to gain more knowledge on the influence of the boundary 
conditions on wood decay

• Further research the effect of material properties and geometry changes on the 
hygrothermal performance of the embedded wooden beam

• Improve wood decay assessments by automatic template files and wood 
coordinates selection scripts and add species database
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Methodology – Bounds (additional pages)

• Bounds:

• Thermal conductivity (TC)

Insulation  0.01875 – 0.075

• Water vapour diffusion resistance factor  (WVDRF)

Insulation  1 - 100

Brick 5 – 50

• Pore size distribution factor (NV) 

Insulation  1.5 – 2.75

Brick 1.2 – 2

𝜃 𝜓 = 𝜃𝑟
𝜃𝑠 −𝜃𝑟

[1 + (𝑎 𝜓 )𝑛]1−1/𝑛
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Methodology – Bounds (additional pages)

• Brick fitted curve and sensitivity analysis range
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Methodology – Bounds (additional pages)

• Insulation fitted curve and sensitivity analysis range
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