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Abstract: Water-resistive barriers (WRBs) are vital components in building envelope systems, particularly in wood-frame 

buildings, where moisture-induced decay is a major durability concern. This study presents a detailed experimental 

characterization of three WRB membranes, quantifying key transport properties including vapor permeability, liquid 

diffusivity, moisture storage, and saturation content using high-precision gravimetric methods. The resulting moisture-

dependent functions were integrated into hygrothermal simulations using DELPHIN, and mould growth risk was assessed via 

the VTT model under varying wall configurations and climates. Results show that while material properties such as vapor 

permeability and liquid diffusivity significantly influence moisture behavior, they alone do not guarantee moisture control. 

Wall design and climate conditions also play a critical role. In cold-wet conditions, some assemblies exceeded the ASHRAE 

160 mould index threshold of 3.0, indicating risk of visible mould growth. These findings underscore the need for 

comprehensive evaluation of WRB performance, incorporating both material characterization and system-level context to 

support durable, mould-resistant buildings. 
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1. Introduction 

Water-resistive barriers (WRBs) are essential components of building envelope, functioning as protective 

membranes that block the ingress of external liquid water while allowing internal water vapor to diffuse outward 

[1]. This dual function is essential for minimizing interstitial condensation and preserving the structural integrity 

of wall assemblies. The selection and characterization of WRBs are particularly critical in wood-frame buildings, 

where materials like Oriented Strand Board (OSB) are vulnerable to moisture-induced decay. However, due to 

their thin, lightweight nature, WRBs pose challenges for conventional hygric property measurements, 

complicating accurate modeling of moisture dynamics [2]. 

Accurate hygrothermal simulations require reliable moisture transport data for all envelope components 

including thin membranes like WRBs, whose characterization is often challenging. To support more realistic 

modeling, this study experimentally quantifies the hygric properties of three WRBs using precise gravimetric 

techniques and integrates the results into simulations assessing mould growth risk in OSB-based wall assemblies 

across various climates. The VTT model [3], widely used for mold prediction, served as the simulation framework. 

The influence of WRB properties, wall configuration, and climate condition were jointly evaluated, drawing on 

past findings that highlight Relative Humidity (RH) sensitivity in mold development [4], [5] and the importance 

of ventilation design [6]. This work contributes to optimizing WRB performance for enhanced durability and 

indoor environmental quality. 

2. Experimental Characterization 

Despite their critical role in managing moisture loads within building envelopes, WRBs remain poorly 

characterized in the literature due to their ultrathin geometry and low mass, which challenge conventional 

measurement techniques. As accurate hygrothermal modeling hinges on reliable input parameters, this study 

focused on filling the data gap by performing a series of precise laboratory experiments to quantify key moisture 

storage and transport properties for three WRB membranes, SBPO, self-adhesive film and building paper. 

Experimental characterization included determining sorption isotherms (ASTM C1498-21), water vapor 

permeability (ASTM E96/E96M-22), water absorption coefficients (ASTM C1794-19), and effective saturation 

content, using standardized methods aligned with current ASTM protocols. High-sensitivity gravimetric protocols 

were adopted, including long-duration immersion and microbalance weighing (precision 0.00001 g), to ensure 

enough precision despite the membranes' minimal mass and sorption capacity. Continuous property functions were 

fitted using established empirical models to overcome data sparseness and support their integration into the 

simulation platform, DELPHIN. Figure 1-a presents liquid diffusivity functions derived from Equation 1, an 

empirical equation [7], highlighting moisture-dependent liquid transport behavior.  

Eq.  1     𝐿𝐷 = 3.8 (
𝐴𝑤

𝑤𝑓
)2 × 1000

𝑤

𝑤𝑓
−1

 

Where, 𝑤𝑓 is free water saturation (
𝑘𝑔

𝑚3), 𝐴𝑤 is water absorption coefficient (
𝑘𝑔

𝑚2𝑠
), and 𝑤 is the water content of 

material as the variable for 𝐿𝐷, liquid diffusivity (
𝑚2

𝑠
). The liquid diffusivity is plotted against the degree of 

saturation, 𝑆𝑟, which is used here to normalize the graphs across all membranes. Vapor permeability was measured 

using both the dry and wet cup methods. The vapor resistance factor was then calculated by dividing the vapor 

permeability of still air by the measured permeability of each membrane. The resulting μ-values, representing both 

test conditions, are presented in Figure 1-b as a function of relative humidity. The resulting dataset is used in the 

hygrothermal simulation for moisture risk prediction across diverse wall systems and climates. 

Figure 1. (a) Liquid diffusivity as a function of effective saturation, derived from empirical modeling using measured absorption data; 

(b) Vapor diffusion resistance factor as a function of relative humidity from wet cup and dry cup tests 
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3. Hygrothermal Simulation 

To assess mould growth risk, hygrothermal simulations were conducted using DELPHIN in combination with the 

VTT model. The experimentally measured moisture storage and transport properties of three WRBs were 

implemented into calibrated three different wall models, each including OSB sheathing and distinct wall 

configurations. Four climate regions according to ASHRAE climate zone classification [8] (7A, 6A, 1A, 2B) were 

selected, with Moisture Reference Years (MRY) identified based on historical rainfall data. 

The simulations generated hourly surface relative humidity and temperature values at both sides of the OSB 

layer, which were used to calculate the mould index over time via PostProc. For each WRB, variations in mould 

growth at OSB were evaluated across wall designs and climates, revealing how material properties interact with 

environmental exposure. 

 

Figure 2 presents the simulated mould index over 3 repetitive MRYs for three representative wall assemblies in 

the Ottawa climate (6A), each incorporating a different membrane used as a WRB. This example illustrates the 

performance variability in moisture-sensitive environments and supports informed WRB selection for high-risk 

zones. The simulated wall assembly consisted of an exterior cladding, WRB, OSB sheathing, insulation layer, and 

interior gypsum board, representative of common North American wood-frame construction. The key differences 

among the three walls lie in their cladding material and air cavity depth: Wall I (Figure 2-a) feature lime-cement 

render over a 25 mm cavity, Wall II (Figure 2-b) uses brick veneer with a 50 mm cavity, and Wall III (Figure 2-c) 

incorporates brick veneer with a 25 mm cavity. Simulations were conducted on both OSB surfaces over a three-

year Moisture Reference Year (MRY) period. The upward trends in mould index observed in some configurations 

suggest a risk of long-term moisture accumulation without adequate drying, especially in colder and wetter 

climates. The 3-year span is to reveal clear performance trends and distinguish risk levels among assemblies for 

comparative evaluation. 

A detailed presentation of the full results will include mould index predictions on both faces of the OSB and 

accumulated moisture content for all three wall types, evaluated across four representative climate regions. 

4. Conclusion 

The material properties of WRBs play a critical role in controlling moisture accumulation and mitigating mould 

growth in wall assemblies. This is particularly important in humid and moist climates, where moisture 

accumulation tends to occur behind the WRB, on the outer surface of the sheathing. To effectively manage this 

moisture, WRBs must achieve a balance between resisting bulk water intrusion from the exterior and allowing 

vapor diffusion toward the outside. This dual functionality is essential for maintaining hygrothermal balance and 

ensuring long-term durability in moisture-sensitive regions. 

Simulation results show that although vapor permeability and liquid diffusivity are important, they alone are 

not sufficient to control mould risk. For instance, SBPO, despite having lower vapor permeability and liquid 

diffusivity, showed higher mould index values than the self-adhesive film in two of the wall configurations (Figure 

2) in Ottawa. Based on this criterion, some models exceeded the ASHRAE 160 [9] mould index threshold of 3.0, 

indicating potential failure after three MRY. The simulation results indicate that all three WRB membranes 

exhibited relatively close mould index at the outer OSB surface, with only minor differences observed across 

configurations. However, to draw a more conclusive comparison, greater differences should ideally be observed 

across all four climates and on both OSB surfaces, particularly to isolate the influence of WRB vapor permeability. 

These findings also highlight the influence of cladding design, specifically, the presence of a greater air cavity 

depth. In wall assemblies with brick veneer, which inherently possesses high moisture storage capacity, increasing 

the air cavity from 25 mm to 50 mm significantly improved moisture control performance across all membrane 

types. 

One limitation of this study is that the assessment does not include a formal sensitivity analysis. Future work 

will expand on these findings to assess parameter uncertainty. In parallel, the detailed measurement protocol 

developed here for characterizing membrane behavior under varying RH can form the foundation for broader 

material databases and standardized testing approaches. These results underscore the need for an integrated 

Figure 2. Simulated mould index on the outer (colder) surface of OSB for three wall assemblies: (a) Type I, (b) Type II, and (c) Type III, exposed 

to a cold-wet climate (Ottawa). The plots compare the performance of three WRB membranes used in the wall assemblies. 
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approach that combines intrinsic material properties with system-level design strategies to achieve effective 

moisture management in buildings. 

5. References 

[1] I. Lopez-Carreon et al., “Moisture Ingress in Building Envelope Materials: (II) Transport Mechanisms and Practical 

Mitigation Approaches,” Buildings 2025, Vol. 15, Page 762, vol. 15, no. 5, p. 762, Feb. 2025, doi: 

10.3390/BUILDINGS15050762. 

[2] T. S. Olaoye, M. Dewsbury, H. Künzel, F. González, and M. J. Presno, “Empirical Investigation of the Hygrothermal 

Diffusion Properties of Permeable Building Membranes Subjected to Variable Relative Humidity Condition,” Energies 2021, 

Vol. 14, Page 4053, vol. 14, no. 13, p. 4053, Jul. 2021, doi: 10.3390/EN14134053. 

[3] H. Viitanen et al., “Towards modelling of decay risk of wooden materials,” European Journal of Wood and Wood 

Products, vol. 68, no. 3, pp. 303–313, 2010, doi: 10.1007/S00107-010-0450-X. 

[4] P. Johansson, L. Lång, and C. M. Capener, “How well do mould models predict mould growth in buildings, 

considering the end-user perspective?,” Journal of Building Engineering, vol. 40, Aug. 2021, doi: 10.1016/j.jobe.2021.102301. 

[5] F. Ntimugura, R. Vinai, A. Harper, and P. Walker, “Mechanical, thermal, hygroscopic and acoustic properties of bio-

aggregates – lime and alkali - activated insulating composite materials: A review of current status and prospects for miscanthus 

as an innovative resource in the South West of England,” Sustainable Materials and Technologies, vol. 26, p. e00211, Dec. 

2020, doi: 10.1016/J.SUSMAT.2020.E00211. 

[6] F. Fedorik and K. Illikainen, “HAM and mould growth analysis of a wooden wall,” 2013, Elsevier B.V. doi: 

10.1016/j.ijsbe.2013.09.002. 

[7] Hartwig M. Künzel, “Simultaneous heat and moisture transport in building components,” One-and two-dimensional 

calculation using simple parameters., Fraunhofer Institute of Building Physics, Holzkrichen, 1995. 

[8] A. S. of Heating, Refrigerating, A.-C. Engineers, and I. E. S. of N. America, Energy standard for buildings except 

low-rise residential buildings, vol. 90. ASHRAE, 2000. 

[9] A. TenWolde, “A Review of ASHRAE Standard 160—Criteria for Moisture Control Design Analysis in Buildings,” 

J Test Eval, vol. 39, no. 1, pp. 77–81, Jan. 2011, doi: 10.1520/JTE102896. 

 

 

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.  
 

 

 


