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Abstract

In order to reduce water-related weathering of porous building materials, facades are often treated with a water repellent product. The efficacy
of this treatment is generally tested in laboratory conditions, but these tests do not allow to grasp or understand the overall impact of the treatment
on the hygrothermal behavior of a wall assembly. Therefore, heat-air-moisture (HAM) simulations can help to determine the treatment
performance. However, water repellent layers are currently not well defined in HAM simulation programs. For this, three historic materials were
extensively tested to determine the characteristics of a water repellent layer. Results show that the velocity of water absorption, 24 hour water
uptake, drying speed and the sorption isotherm are, as expected, lower for treated materials. These results can be used to define water repellent
layers in HAM simulations more correctly, in order to model their effect more accurately.
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1. Introduction

Most European cities have a historic center with heritage buildings, which are often built with porous building materials such
as natural stone, brick and mortar. Due to their exposure to outdoor conditions, these porous materials are susceptible to several
kinds of weathering processes, often triggered by the presence of water. The reduction of water inside these materials would be
beneficial for the material’s preservation and thus of facades in general. A method to ensure this reduction in water is the
application of a water repellent product. Nevertheless, the use of water repellents is controversial and its use should be supported
by a profound study and with respect to the known boundary conditions that may induce risks.

A water repellent treatment of a facade consists of the application of a hydrophobic product, often a water or solvent based mix
of silanes and siloxanes, resulting in the deposition of a nanometric water repellent layer on the pore walls of the outer few
millimeters to centimeters of the material. The deposition in nanometric layers on the pore walls has as consequence that water
transport is still possible through water vapour transmission, which means drying of the wall is still feasible.

Theoretically, after the water repellent treatment, absorption of water by the facade’s material is non-existent. However, in
practice, the efficacy of a treatment depends on many factors, such as the presence of large pores and cavities, cracks, fouling,
material dampness and salts [1]. Consequently, not all treatments lead to the expected reduction of water and in some cases
deterioration accelerates after treatment (e.g. [2]). Therefore, the use of a water repellent needs a thorough evaluation before
application, which is time and cost consuming. The adoption of heat-air-moisture (HAM) simulations [3] to simulate the moisture
distribution within materials and wall assemblies after a water repellent treatment enables a more thorough understanding of a
number of the processes, performance and risks associated with these treatments. However, water repellent layers are currently
not well defined in such simulation programs. Consequently, in this study, several treated historic materials are laboratory tested
and results will be used in a later stage for correctly defining a water repellent layer in a HAM-simulation program.

2. Material and methodology

Table 1. Test series used to determine different parameters. For each test series 15 samples of each material are used.

Test series 1 Test series 2
Sample sizes Cylindrical: 5 cm diameter and 5 cm height Cubic: 3 x 3 x1cm3
Tests + standard - Water absorption by capillarity (NBN EN 1925:1999) - Hygroscopic sorption properties (NBN EN 12571:2013)

- 24 hour water uptake
- Drying mechanics (NBN EN 16322:2013)

Water repellent treatment - Samples placed in setup to mimic wall circumstances - Complete treatment by capillary absorption of the
- Treated twice by wet-on-wet spraying with a 30-minute product.
interval on one side of the material
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A commercially available solvent based product with 10% oligomeric siloxanes was used for the water repellent treatment of
natural stone and brick masonry. After treatment, samples were placed in a 20°C and 50 % relative humidity environment and the
evolution of the polymerization process of the product was monitored by frequently weighing the samples.

One natural building stone, one brick and one lime mortar were tested on their water retention and transport characteristics.
Savonniéeres limestone (SL) was chosen as natural building stone as this stone is often used in historic Belgian buildings [4].
Savonniéres limestone was excavated in the Meuse Department, France. As brick, ‘Oranje Paepesteen’ (OP), which is a historic
Flemish brick, was selected. Finally, the lime mortar (LM) was composed of pure raw materials: 29% of NHL3.5 and 71% of
0/2 mm river sand. Water was added based on workability. Two test series were used to determine different parameters (Table 1).

3. Results and discussion

After application of the water repellent product, samples were placed in a 20°C and 50 % relative humidity environment. The
monitored weight change of the treated samples shows for all materials an initial strong reduction, which is the result of
evaporation of the solvent. This is followed by a slower decrease in weight due to the polymerization of the active material in the
water repellent product.

Water absorption through capillarity and 24 hour water uptake tests indicate a strongly reduced water absorption speed for all
materials (Fig. 1A) Although it is expected that a water repellent treatment leads to minimal water absorption, a limited water
uptake is still found. This absorption of water is probably due to the presence of cracks or big pores. The exact cause will be
studied in a next step using X-ray radiography.

Drying curves (e.g. Fig. 1B) show a slightly slower drying mechanism for the water repellent treated materials, which can be
attributed to the repositioning of the drying front behind the water repellent layer. The drying curves indicate that water evaporation
is reduced but is still possible through the water repellent layer by water vapour transmission.

Since the contact angle increases tremendously after treatment, one would expect that adsorption of water on pore walls is not
occurring. However, Carmeliet et al. [5] found that also hydrophobic materials adsorb water on their pore walls. In accordance to
their results, sorption isotherms in this study show water adsorption by both untreated and treated material, but with lower moisture
contents for the treated material due to the higher contact angle (Fig. 1C).
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Figure 1: A: Water uptake after 24 hours absorption for untreated and treated materials. B: Drying behaviour of untreated and treated Savonniéres limestone.
C: Sorption isotherm of untreated and treated Savonnieres limestone.

4, Conclusion

In this study, three porous historic building materials were treated with a water repellent and laboratory tested in order to
characterize the water retention and water transport characteristics of these water repellent materials. As expected, water
absorption speed and 24 hour water uptake of treated materials are significantly lower compared to untreated materials, but not
equal to zero. The reason for this will be studied with X-ray radiography. Also, sorption isotherms are influenced by the application
of a water repellent. The results of this study will be used to define water repellent layers in HAM-simulations at a later stage.
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