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Abstract

To mitigate climate change there is a need to switch to low-impact materials, including bio-based alternatives substituting
conventional materials. However, these materials are more sensitive to moisture induced damage and future climate scenarios
predict a warmer and more humid climate. In addition, current best practice guidelines are challenged in terms of using bio-
based materials in building constructions. Therefore, the main objective of this study was to demonstrate that it is possible to
build bio-based exterior wall constructions that by modelling and experimentally are shown to be moisture-resistant, with low
to no risk of mould growth, using low diffusion resistance wind barriers. This was done by comparing hot box — cold box
measurements with baseline results from dynamic hygrothermal simulations.
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1. Introduction/Background

Future climate scenarios predict a warmer and more humid climate, with an increase in extreme precipitation
events. These changes pose new challenges for the built environment. The construction industry is exploring
several low-impact materials, including bio-based alternatives, to help mitigate climate change [1]. While bio-
based materials offer environmental benefits they also introduce new challenges. Notably, increased susceptibility
to mould growth and introduction of new species typically associated with food spoilage which may thrive at lower
relative humidity (RH) and temperature levels [2]. Newer studies have investigated the hygrothermal performance
of wood frame walls using bio-based materials, and the relationship between the water vapour diffusion resistance
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of the wind barrier and the vapour retarder [3-5]. Results indicate that the Danish best practice recommendation
of a ratio of 1:10 between wind barrier and vapour retarder is insufficient and that the ratio increases with
decreasing diffusion resistance of the wind barrier. Also, the ratio was found to be dependent on the insulation
material, wall U-value, and the indoor moisture load [3]. This study aims to demonstrate that it is possible to build
bio-based wall structures that are moisture-resistant, when using low diffusion resistance wind barriers.

2. Methodology

To investigate the hygrothermal performance and potential moisture accumulation in the wood frame walls, a
large-scale hot box — cold box setup was utilized. The examined test walls were mounted with sensors (Sonoff
SNZB-02P) placed behind the wind barrier. To promote 1-dimensional vapour transport, the sides of each test wall
were sealed using a liquid watertightness membrane with a Sy value of 43.5 m. The test walls were positioned in
a frame with XPS insulation between and around each wall, and joints were grouted with sealant. The hot- and
cold box were conditioned to 20 °C & 58% RH and 0 °C & 86% RH respectively, and the experiment was carried
out over a period of 3 months. The wood frame walls include: (W3) wall with 295 mm wood fibre insulation and
9.5 mm gypsum wind barrier (Sd: 0.09); and (W4) wall with 295 mm wood fibre insulation and 30 mm straw
board as wind barrier (Sd: 0.14). Both walls had wood exterior claddings and a 25 mm ventilated cavity, and on
the interior side a 15 mm OSB4 board as vapour retarder (Sd: 1.46), a 45 mm insulation layer, and internal cladding.
Additional information about the test walls is available at [6].

3. Results and Discussion

Figure 1a shows the measured relative humidity (RH) profile behind the wind barrier, and that wall W3 reach
potentially critical RH levels (>80%). When measured temperature and RH were used to calculate the moisture
content, the levels were rather similar in the two walls (Figure 1b). The red dot illustrates simulated RH with
exposed experimental data, for a model which was found to be moisture-resistant with current, warm/humid - and
cold future climate conditions. Using the red dot as a baseline indicate wall W4 to be moisture-resistant. Plotting
the final RH levels against the Sedlbauer Isopleth curves, suggests that there should be no risk of mould growth
(Figure 2a) for W3 and W4. The results were also plotted against sorption isotherms for wood fibre insulation
obtained from WUFI (Figure 2b), resulting in the following moisture contents: (W3) 9-14.5 kg/m? (20.9-29 weight-
%) and (W4) 4.8-6.7 kg/m? (10.2-13.4 weight-%). Recommendations suggest maximum 18 +2 weight-% moisture
content to avoid mould growth in wood, suggesting that wall W3 should be at risk of mould growth.
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Figure 2. (a) Measured temperature and relative humidity values plotted against the Sedlbauer Isopleth for mould growth on bio-based
materials [7]; (b) Wood fiber sorption isotherm from WUFI database, orange: W3 RH, green: W4 RH

4. Conclusion

The hot box — cold box experiment found that wall W3 reach potentially critical RH levels. While wall W4 RH
levels were below the simulated baseline defining the moisture level resulting in risk of mould growth. Plotting
the results against the Sedlbauer mould Isopleth curves and the sorption isotherms showed contradicting results in
terms of risk of mould growth, with the Isopleth curves indicating no risk of mould growth while the isotherms
showed risk of mould growth in wall W3 — in agreement with the simulated baseline. However, it is still unclear
whether it is temperature and RH or moisture content that drives mould growth. Moreover, due to the nature of
materials moisture storage properties the moisture content may vary considerably depending on if it is measured
under adsorption or desorption. These uncertainties may hamper the buildability, especially considering future
climate conditions. Moreover, there is a need for experimental validations and testing of bio-based materials.

References

[1] Rasmussen, T.V., Thybring, E.E., Bentsen, N.S., Nord-Larsen, T., Jorgensen, U., Bruhn, A., & Gottlieb, S.C. (2023). Negative emission
potentials using biogenic building materials: a case study from Denmark. /n Proceedings of the XVI International Conference on Durability
of Building Materials and Components: DBMC 2023, China. https://doi.org/10.23967/c.dbmc.2023.111

[2] Andersen, B., & Rasmussen, T.V. (2025). Biobased building materials: Moisture characteristics and fungal susceptibility. Building and
Environment, 275, Article 112720. https://doi.org/10.1016/j.buildenv.2025.112720

[3] Jensen, N.F.; Rasmussen, T.V.; Hofmann, L. Wood Frame Walls Designed with Low Water Vapour Diffusion Resistance Wind Shields.
Buildings 2025, 15, 706. https://doi.org/10.3390/buildings 15050706

[4] Morelli, M., Rasmussen, T.V., Therkelsen, M. (2021). Exterior Wood-Frame Walls—Wind—Vapour Barrier Ratio in Denmark. Buildings,
11(10), 428. https://doi.org/10.3390/buildings11100428

[5] Borodinecs, A., Jacnevs, V., Akos, L., Gendelis, S. (2025). Hygrothermal performance of well-insulated wood-frame walls in Baltic
climatic conditions. Case Stud. Therm. Eng., 66, Article 105772. https://doi.org/10.1016/j.csite.2025.105772

[6] VIGOT. The project (Projektet). (accessed: May 2025). https://vigot.dk/projektet/

[7] Sedlbauer, K. (2001): Prediction of mold fungus formation on the surface of and inside building components. Universitét Stuttgart.

Publisher note

The abstracts published in this Supplement have been typeset from electronic submissions and camera-ready
copies prepared by the authors. Every effort has been made to reproduce faithfully the abstracts as submitted.
These abstracts have been prepared in accordance with the requirements of the International Conference on
Moisture in Buildings 2025 and the UK Contre for Moisture in Buildings and have not been subjected to review
nor editing by the journal UCL Open Environment (published by UCL Press). However, no responsibility is
assumed by the organisers or publisher for any injury and/or damage to persons or property as a matter of products
liability, negligence or otherwise, or from any use or operation of methods, products, instructions or ideas
contained in the material herein.

ICMB25 3


https://doi.org/10.23967/c.dbmc.2023.111
https://doi.org/10.1016/j.buildenv.2025.112720
https://doi.org/10.3390/buildings15050706
https://doi.org/10.1016/j.csite.2025.105772
https://vigot.dk/projektet/

