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Abstract 

Water interacts with buildings at a range of overlapping scales, from envelope to pore. For 30 years building conservators 
have made practical field and laboratory investigations at the scale of elements such as walls. These have increased both our 
practical understanding, and our ability to deal with failure. This paper presents the argument that they also fundamentally 
outline a far more complete picture of the way that moisture travels into and through building systems under normal conditions. 

This paper draws widely on research by the authors and others, to propose a consistent and simple picture of the interaction 
of water with ‘traditional’ buildings based on permeable materials. While some of the accepted wisdom is confirmed, other 
theories are challenged; particularly those around the nature of water transfer. 
Peer-review under the responsibility of the organizing committee of the ICMB21. 
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Introduction/Background 

Many of the problems in buildings, from fabric deterioration to problems of usability, can be traced to water 
in the building fabric, particularly in building walls. Changing moisture contents are associated with salt damage 
and dimensional instability; for example, elevated moisture contents with freeze-thaw damage, timber decay, and 
problems such as moulds. It is of great concern that these familiar issues are all exacerbated when buildings are 
retrofitted to reduce energy use and carbon emissions [1, 2]. Moisture problems may arise from many sources and 
combinations of sources: from environmental events such as rain, snow, and flooding; from high ambient 
humidities and absorption by hygroscopic salts; from capillarity and escape of water from plumbing systems [1, 
3]. Climate change and alterations in the nature of use of land in the catchment including urban expansion are 
understood to be multipliers; for example, buildings constructed where historically there was little flooding may 
now be at risk [4]. It has been generally assumed that increases in extreme weather conditions will heighten the 
hygrothermal cyclic loading of traditional building fabric made of porous materials, eventually increasing the rate 
of decay [5]; but it has also been shown that this type of construction is much more resistant to rain uptake than 
is commonly thought [6]. Current research by the authors is now suggesting that it equally provides excellent 
resistance to flood water. When moisture problems do occur, it is clear that successful recovery demands a good 
understanding of the fundamentals of water behaviour [7].With climate change pointing towards increasing 
episodes of extreme weather, the resilience of traditional construction needs to be correctly understood and 
properly reflected in building codes, so that these demonstrably robust buildings are retrofitted in ways which 
support or increase – rather than decrease – their resilience [8]. 

Water penetration and migration 

Water interacts with buildings at all scales, from building envelopes to building elements to pores. Over the 
past 30 years building conservators have made numerous practical investigations at the ‘element’ scale, using 
research in the field and in the laboratory to examine the behaviour of complex assemblies such as walls when 
they are exposed to water [9]. Water enters these assemblies in different ways, via different mechanisms. Once 
there, it can be found in vapour or liquid phase, or (under the right conditions) as a solid, ice. All phases may 
occur simultaneously; and indeed at pore level it may not be possible to meaningfully distinguish between states. 
Phase exchanges are continuous, in response to local conditions within the pores as well as the action of the 
ambient conditions on (for example) surface evaporation and wall temperature [10]. For water to move from the 
ambient environment into, say, a wall, there must be water available at the surface, a route for that water to travel 
into the material, and a force to initiate that movement [11]. Gravity is one such force, but under the influence of 
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gravity alone, the water will only penetrate and continue to move within the material where there is a defect with 
a downward gradient which offers a path of low resistance to flow. 

Other forces governing behaviour include capillary pressure, but this must be understood in a context that is 
markedly different to the ‘bundled straw’ model which explains water transfer in plants such as trees. As well as 
the interconnected pores within materials, active capillaries in building assemblies include fine cracks within the 
materials, and interfaces between components (for example where mortars meet masonry elements) [12]. Water 
can also move between dissimilar materials if they are in hydraulic contact with each other [13]. Thus, traditional 
construction provides a range of pathways for moisture uptake and migration. 

Field and laboratory investigations into the interaction of traditional walls with driving rain and floodwater 
have demonstrated their high resistance to water transfer in comparison to cavity walls [6, 14]. The internal and 
external finishes exert considerable influence on wetting and drying of solid walls, and even walls with high levels 
of moisture due to prolonged poor maintenance can be recuperated by the application of lime-based renders [15]. 
Current laboratory work is seeking to evaluate the rates of moisture uptake during flooding, and the effect of 
different mortar-brick combinations on wetting and drying. Exposed to a head of water, solid masonry walls 
demonstrate water uptake that, while significant in quantity, is very slow. 

Discussion & Conclusion 

Field and laboratory studies of traditional walls have increased our practical understanding of how these 
perform and increased our ability to identify and deal with failure. More importantly, however, they have provided 
us with the information to construct a better picture of the way that water travels into and through permeable 
building envelopes under normal conditions, particularly for ‘traditional’ construction. This picture confirms some 
accepted ideas, but it challenges others, particularly those concerning infiltration under flooding, and the 
movement of water in vapour form through permeable materials. Further discussion and more research is required 
to fully understand the influence of critical factors; for example, in determining tipping points for driving rain 
absorption. As yet it is unclear if this depends mostly on the materials, on the structure of the building element 
(for example the presence of voids, or the types of interfaces), or the initial source of water (for example, if a 
building flaw has let water into the wall core). These more complete theorems of water in permeable building 
materials are urgently needed not only for improving our understanding of moisture problems, but also for better 
analysis of the risks inherent in current approaches to treatment and repair, and in particular energy retrofitting. 
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