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1 Introduction

Hygrothermal models are an important tool for assessing the risk of moisture-related decay such
as biological growth (mould and wood rot fungi), corrosion and freeze-thaw action in building
envelopes. There are several gaps in our understanding and application of hygrothermal modelling
involving uncertainty of material properties, boundary conditions, two-dimensional interactions
and quality of construction. This can make it difficult to calibrate hygrothermal models to in-situ
measurements.

This paper examines one potential source of uncertainty; namely, the imperfect interface
between mortar and the masonry unit. Imperfections may take the form of open joints, hairline
cracks, or an imperfect bond between the mortar and the unit. It is intuitive to assume that a large
presence of these openings will increase moisture transfer into the wall caused by wind-driven
rain. The question is how do we properly account for this in hygrothermal simulations?

2 Literature Review

Previous studies have looked at moisture transfer at the interface and have shown that there is an
interface resistance (Rir) which inhibits transfer from one material to the other (Brocken, 1998;
Calle, De Kock, Cnudde, and Van den Bossche, 2019; Derluyn, Janssen, and Carmeliet, 2011).
Previous studies have also examined fractured building materials (Roels, Vandersteen, and
Carmeliet, 2003; Rouchier, 2012). These studies had some limitations in their methodology;
including the need for detailed geometric analyses and input, consideration of 1 dimensional
transfer only and only looked primarily at water uptake and did not consider the drying phase. A
more generalized approach is required for practical purposes and this where explicitly modelling
the fracture as an interface comes.

The traditional view is that hygroscopic materials are often idealized as a bundle of round
capillaries or pores of varying sizes. With knowledge of the pore size distribution it is possible to
infer many of the important hygroscopic material properties required to model moisture transport.
This includes the moisture retention, liquid conductivity and vapour diffusion curves which can
be calculated using fundamental principles via the Young-Laplace, Kelvin and Hagen-Poiseuille
equations. Fracture properties can be calculated in a similar fashion. It requires determining an
effective aperture (/) to represent the height of a fracture (Zimmerman & Bodvarsson, 1994).
Compared to capillary materials, a fracture has much greater liquid conductivity (when wet) which
will greatly increase moisture transfer into the wall assembly.

3 Simulation Results

Two-dimensional hygrothermal simulations were performed on a brick-cement mortar
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combination with varying aperture interfaces. Simulations were performed with wetting and
drying boundary conditions. A sample of the results are shown in Figure 1 for the moisture content
of the brick. The results show significant change in moisture content depending on the aperture
height. What is interesting to note is that there does not appear to be a linear relationship between
moisture absorption and aperture, in fact it appears to be parabolic. Both sets of graph show that a
1 um aperture (green) has the minimum uptake.
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Figure 1. Moisture content of the brick at centreline of brick at 20mm depth (left) and 80 mm depth (right).

4 Conclusion

The results of the DELPHIN simulations show that modelling imperfections at the masonry
interface as explicit fractures can affect simulation results compared to using only bulk material
properties. Future work will look to include anisotropic fracture properties and the effect of typical
meteorological years in determining an “effective” liquid transport coefficient for masonry.

ORCID

Michael Gutland: https://orcid.org/0000-0001-8907-4046
Mario Santana Quintero: https://orcid.org/0000-0002-3836-9714
Scott Bucking: https://orcid.org/0000-0002-3237-183X

References

Brocken, H.J.P. (1998). Moisture transport in brick masonry: The grey area between bricks (Dissertation).
Universiteit Eindhoven.

Calle, K., De Kock, T., Cnudde, V. and Van den Bossche, N. (2019). Liquid moisture transport in combined ceramic
brick and natural hydraulic lime mortar samples: Does the hygric interface resistance dominate the moisture
transport? Journal of Building Physics, 43(3), 208-228. https://doi.org/10.1177/1744259119857762

Derluyn, H., Janssen, H. and Carmeliet, J. (2011). Influence of the nature of interfaces on the capillary transport in
layered materials. Construction and Building Materials, 25(9), 3685-3693.
https://doi.org/10.1016/j.conbuildmat.2011.03.063

Roels, S., Vandersteen, K. and Carmeliet, J. (2003). Measuring and simulating moisture uptake in a fractured porous
medium. Advances in Water Resources, 26(3), 237-246. https://doi.org/10.1016/S0309-1708(02)00185-9

Rouchier, S. (2012). Hygrothermal performance assessment of damaged building materials (Doctorate, Université de
Lyon). https://doi.org/10.13140/rg.2.1.1532.4561

Zimmerman, R.W. and Bodvarsson, G.S. (1994). Hydraulic Conductivity of Rock Fractures. Lawrence Berkley
Laboratory.



