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Abstract. Due to interface phenomena such as compaction pores, a mismatch of the pore 
structure, etc., moisture transfer in multi-layered building elements can deviate from the moisture 
transfer observed for the combination of the separate materials. Several studies on interface 
phenomena make use of kaolin clay to provide – as a reference – a perfect hydraulic contact 
between materials. This paper investigates, based on a series of imbibition experiments, whether 
kaolin clay truly creates this perfect contact, and thus, whether the hydraulic interface resistance 
between materials can be nullified by use of kaolin clay. For a low absorptive material or a large 
distance between the contact interface and the water surface, composite samples put together 
with kaolin clay show an identical water uptake curve as observed for homogeneous samples. For 
a material with a high absorptivity and a contact interface closer to the water plain, however, even 
with kaolin clay a hydraulic interface resistance is observed and estimated to be in the order of 
6 000 m/s till 12 000 m/s. If present, such an interface resistance is furthermore shown to have no 
impact on the water uptake curve for samples composed of low absorptive bricks or with a contact 
interface further away from the water plain.   

1 Introduction  

A good understanding of the moisture transfer in 
building systems is of main importance in many risk 
assessments. In this respect, the deviation between the 
moisture transfer in multi-layered building materials, 
such as brick-mortar composites, and the moisture 
transfer observed for the combination of the separate 
materials is put forward as an important issue by several 
researchers, a.o. [1-5]. After all, a poor estimate of this 
deviation might result in unreliable risk assessments. For 
instance, when dealing with masonry exposed to wind-
driven rain or rising damp, an overestimation of the in- 
or upward moisture flow corresponds to an 
underestimation of the moisture in the outer or lower 
bricks and mortar layers. Hence, frost and other damage 
patterns might be overlooked. 

In the literature, several reasons are specified 
explaining the delay of the moisture transport across 
material interfaces; a.o. the presence of compaction 
pores [1-3], a mismatch between the pore structure of 
both materials [1, 6, 7], mortar particles transported into 
the pores of the second material, an interface zone with 
modified (mortar) properties [1, 3 ] and micro-cracks [3]. 
In numerical simulations, all of these phenomena 
together can be taken into account by use of a hydraulic 
interface resistance or permeability [1, 3, 5]. The 
presence and order of magnitude of this interface 
resistance is often investigated by comparing the 

moisture transport in a multi-layered sample with a real 
material interface to the moisture transport in the same 
material combination but with a perfect hydraulic 
interface contact in between [3, 8, 9]. To achieve the 
latter, typically kaolin clay is applied [3, 6, 8, 9, 10, 11]. 
The question arises, however, if kaolin clay absolutely 
nullifies the hydraulic interface resistance between 
materials. 

This paper investigates, for a series of imbibition 
experiments, to what extent kaolin clay is effective in the 
creation of a perfect hydraulic interface. This way, the 
paper gives a first view on the extent to which and the 
boundaries for which kaolin clay can be applied to 
provide a perfect hydraulic contact in experimental test 
setups or test samples. In order to analyse the 
effectiveness of kaolin clay, experimentally measured 
water uptake curves are analysed. Additionally, the 
measured data are compared with numerically simulated 
water uptake curves and the need and impact of the 
implementation of a hydraulic interface resistance in 
these simulations is studied. The paper is organised as 
follows. Section 2 first describes the dimensions and the 
preparation of the different test samples, the hygric 
properties and the boundary conditions of the imbibition 
experiment. Additionally, the numerical methodology 
applied to estimate the hydraulic interface resistance is 
explained. Both materials with a low as well as a high 
absorptivity are analysed in the study. Furthermore, the 
impact of the distance from the contact interface to the 
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water plain is varied. Next, in Section 3 the results are 
shown and analysed. Finally, the main results are drawn 
and further discussed in Section 4. 

 
 2 Methodology  

2.1 Test sample configuration 

The presence of a (perfect) hydraulic interface contact 
when using kaolin clay is investigated based on samples 
composed of two specimen of the same brick material. 
To avoid that during the preparation of the test samples 
the water of the kaolin clay would be absorbed by the 
bricks, moistened bricks were used. The kaolin clay was 
prepared by mixing kaolin powder with distilled water 
by a 1:1 mass ratio. By use of a putty knife, a layer of the 
kaolin clay was applied at the contact surface of both 
bricks and the bricks were put together by gently sliding 
both kaolin clay surfaces. Then, to create a good contact 
between both samples, clamping screws were used to put 
the samples together (Fig. 1). This way, also the excess 
of kaolin clay was removed from between both brick 
samples. Next, cable ties were put around the composite 
samples in order to keep the samples together during the 
measurements (see section 2.3). The composite samples 
had a total height of 16 cm. The height of the top and the 
bottom sample for the different composite samples is 
given in Table 1, and varied in order to analyse the 
impact of the distance between the contact interface and 
the water surface in the experiment. As a reference, a 
homogeneous sample of 16 cm high was analysed. The 
top and bottom surface of the test samples measured 4 
cm by 4 cm.  

  

Fig. 1. Preparation of one of the composite test samples. 

2.2 Material properties   

To analyse the impact of the sample’s absorptivity, both 
samples with a high and a low absorptivity were 
prepared, represented by ‘brick 1’ and ‘brick 2’, 
respectively (Fig. 2a). An overview of the basic hygric 
properties for both materials is given in Table 2. The 
moisture retention curve and the permeability curve are 
shown in Fig. 2b,c. Additionally, Fig. 2d shows for both 
samples the pore volume distribution. The higher 
absorptivity of Brick 1 agrees with the larger share of 
coarse pores for this brick. 

Table 1. Height of the bottom and the top samples for the 
different test samples. 

Sample Height bottom 
sample (cm) 

Height top 
sample (cm) 

1, 2 2 14 

3,4  4 12 

5, 6 6 10 

7, 8 8 8 

9, 10 10 6 

11, 12 12 4 

13, 14 14 2 

H1, H2 16 / 

Table 2. Basic material properties. 

Property Brick 1  
(high Acap) 

Brick 2  
(low Acap) 

ρb (kg/m3) 1818 1549 

Open porosity (%)  32.6 41.3 

wcap (kg/m3) 210 256 

μdry (-) 11.6 14.6 

Acap (kg/(m2.s0.5)) 0.61 0.26 

2.3 Imbibition experiment  

The imbibition experiments were performed on oven 
dried samples (Fig. 3). To facilitate the measurements, 
the clamping screws were gently removed before starting 
the imbibition experiment, while the cable ties were left 
around the samples in order to keep a good contact 
between both samples. A single measurement on a 
composite sample kept together with clamping screws 
showed a similar behaviour as when using the cable ties 
only. Removing the clamping screws is thus allowed. To 
exclude possible differences in the results due to the use 
of the cable ties, these were also put around the 
homogeneous sample. Though, also here a control 
measurement on a homogeneous sample without cable 
ties showed a similar behaviour. The samples were put 
on bars and a water level of approximately 1 mm was 
provided. No foil was applied around the samples, so 
evaporation was not excluded. Though, this effect is 
expected to have no impact on the conclusions. 
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Fig. 2. (a) High and low absorptive brick, (b) moisture 
retention curve starting from wcap, (c) permeability curve and 
(d) pore volume distribution. 

 
Fig. 3. Imbibition experiment on some of the test samples. The 
wooden bars are placed to avoid the samples falling in 
the water in case of instability. 

2.4 Hydraulic interface resistance estimation  

In a next step, the presence of a hydraulic interface 
resistance is analysed by comparing the experimental 
output of the imbibition experiments with the output of 
numerical simulations performed with Delphin 5 [12]. 
Thereto, at the position of the contact interface a 1 μm 
thick control volume is implemented. The moisture 
permeability of this control volume is defined by an 
interface permeability KIF (s) calculated by:  

                                  KIF = d /RIF  (1) 

with d the thickness of the control volume (1·10-6 m) and 
RIF (m/s) the interface resistance searched for. The 
interface resistance is assumed to be a constant. This 
means that a potential capillary pressure or moisture 
content dependency is neglected. The other properties of 
the interface layer are set equal to the brick properties. 
The interface layer thus has no hygroscopic capacity. 

3 Results 

3.1 Experimental output 

Fig. 4 shows the water uptake curve measured for the 
samples composed of (a) the high absorptive bricks and 
(b) the low absorptive bricks. For the high absorptive 
brick composites (Fig. 4a), different water uptake curves 
can be observed. As long as the water front does not 
reach the interface layer, the water uptake curve is 
shown to be equal to the curve achieved for the 
homogeneous brick sample. When reaching the contact 
interface, a slower water uptake is observed. Hence, the 
smaller the distance between the interface and the water 
plain, the more the curve deviates from the curve for the 
homogeneous sample. For Sample 13 and 14, with a 
distance of 14 cm between the contact interface and the 
water plain, the interface layer no longer has a visible 
impact on the water uptake curve.  

For the samples composed of bricks with a low 
absorptivity (Fig. 4b), no distinct difference is found 
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Fig. 4. Water uptake curve for (a) high absorptive brick and (b) low absorptive brick. H1 and H2 denote the homogeneous 
samples, the other samples are composite samples (the exact configuration for each of the samples is given in Table 1). 

between the water uptake curves of the composite 
samples and the homogeneous samples. Small deviations 
between the different curves can be attributed to small 
differences between the brick samples, as confirmed by 
the random order of the different curves. Hence, no 
interface is present, or, if present, it has no impact on the 
water uptake curve. 

3.2 Numerical output  

3.2.1 High absorptive bricks 

Fig. 5 compares, for the samples composed of the high 
absorptive bricks, the measured data with the numerical 
output. For each of the configurations, the experimental 
output measured for two test samples is shown. As a 
reference and validation of the brick properties, Fig. 5a 
first shows the results for the homogeneous sample. A 
good agreement is found. Fig. 5b till Fig. 5h show the 
experimental results for the different composite 
configurations, together with the numerical simulations 
for a set of RIF-values. For the samples with the smallest 
distance between the interface contact and the water 
plain (Fig. 5b) and thus with the largest deviation from 
the water uptake curve achieved for the homogeneous 
sample, the experimental output shows a small 
difference between both measured samples. An interface 
resistance RIF between 6 000 and 12 000 m/s is found to 
yield a good agreement with the experimental data. As a 
comparison, the water uptake curves achieved when 
implementing no interface resistance (RIF = 0 m/s, as for 
the homogeneous samples) and an interface resistance of 
100 000 m/s are shown and are found to respectively 
over- and underestimate the water uptake.   

Next, the water uptake curve is simulated for the 
composite samples with a larger distance between the 
contact interface and the water plain (Fig. 5c-h). Also for 
these samples, an interface resistance RIF in the range of 
6 000 m/s and 12 000 m/s is found to result in a good 
agreement between experimental and numerical output.  
 

 
Moreover, the larger the distance between the contact 
interface and the water plain, the better the numerical 
output achieved without an interface resistance matches 
with the experimental output. The output becomes less 
sensitive to the presence of an interface resistance. For 
Sample 13 and 14, with a distance of 14 cm between the 
contact interface and the water plain, the curves achieved 
with RIF in the range between 6 000 m/s and 12 000 m/s 
still coincide with the curve obtained without an 
interface resistance, while also the impact of an interface 
resistance of 100 000 m/s becomes less pronounced.  

3.2.2 Low absorptive bricks 

For the samples composed of the low absorptive bricks, 
the water uptake curves behave similar as measured for 
the homogeneous sample (see Section 3.1). Therefore, 
for these samples, Fig. 6 shows only the measured 
curves of Sample 1 and Sample 2 for comparison with 
the numerical simulations. The numerical simulations 
are performed for the configuration with a distance of 
2 cm between the contact interface and the water surface, 
as a sample with a contact interface close to the water 
surface is expected to be the most sensitive to the 
interface resistance. A numerical simulation without any 
interface resistance shows a good agreement with the 
experimental data of Sample 1 (Fig. 6a). Furthermore, by 
assuming RIF in the range of 6 000 m/s and 12 000 m/s, 
as estimated for the samples composed of the high 
absorptive bricks, a good agreement is found as well. 
Only a small kink near a mass increase of 5 kg/m2 and a 
slightly less steep slope from that point on can be 
observed (almost not visible). By increasing the interface 
resistance, this effect is gradually more pronounced (Fig. 
6b). An RIF between 20 000 m/s and 50 000 m/s results 
in a reasonable agreement with the experimental curve of 
Sample 2. Though, small deviation in the properties of 
the brick, not included in the simulations, partially 
induce this behaviour. The sensitivity to the interface 
resistance diminishes for higher distances between the 
contact interface and the water plain (not shown).    
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Fig. 5. Comparison between experimental and numerical output for the high absorptive brick: (a) homogeneous samples,  
(b-h) composite samples with different combinations of height for the bottom (B) and top (T) sample. For the composite samples, 
different RIF-values are applied in the numerical simulations.  
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Fig. 6. Comparison between experimental and numerical output for the low absorptive brick: (a) no interface and RIF as estimated for 
the high absorptive brick samples, (b) impact of higher RIF-values. 

3 Discussion and conclusions 

Imbibition experiments on composite samples with a 
layer of kaolin clay revealed that the use of kaolin clay 
between materials does not provide a perfect hydraulic 
interface resistance in case of a high absorptive material. 
For samples composed of high absorptive bricks (Acap = 
0.61 kg/(m2s0.5)) a hydraulic interface resistance between 
6 000 m/s and 12 000 m/s was found to yield a good 
agreement with experimental data. The impact of the 
hydraulic interface is more pronounced for composite 
samples with an interface contact closer to the water 
plain. In case of a large distance between contact 
interface and water plain, a larger range of values for the 
interface resistance results in a good agreement between 
measured and simulated water uptake curve, making it 
harder to define a correct interface resistance. Based on 
this, it can be recommended to opt for test samples with 
a small distance between the contact interface and the 
water plain when estimating the interface resistance 
based on water uptake curves.  

For bricks with a low absorptivity, the impact of a 
potential interface resistance was not clearly pronounce 
in the water uptake curves. Though, by implementing the 
interface resistance in the order of magnitude as 
determined for the high absorptive bricks, numerical 
simulations show also for these samples a good 
agreement with the experimental output. Hence, also for 
the low absorptive bricks a hydraulic interface might be 
present. The sensitivity to this interface resistance is 
however much lower in this case.    

The knowledge on the order of magnitude of the 
interface resistance for typical material interfaces in 
practice is scarce. In a few studies an interface resistance 
has been estimated. For instance, Derluyn et al. [3] 
inferred an interface resistance of 1.25 x 1010 m/s 
between a brick and a wet cured mortar and of 
2.5 x 1010 m/s between a brick and a dry cured mortar. 
Obvious these values are much larger than the interface 
resistance in the order of 9 x 103 m/s for the ‘perfect’  

 

hydraulic contact pursued in the current paper. The  
estimated value fall outside the accuracy of the interface 
resistance estimated for the real imperfect hydraulic 
contact between the (low absorptive) brick and mortar 
studied in [3]. Further research should give a better view 
on the type of composite samples and the imposed 
boundary condition for which the interface resistance 
caused by the kaolin clay can be an issue in the analysis 
of the real interface resistance. Additionally, the study 
should be extended with an analysis of the moisture 
profiles in the composite samples. Possibly, this way the 
RIF range for which a good agreement between 
experimental and numerical output is obtained can be 
reduced and the validity of a constant interface resistance 
can be further investigated.  
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