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Abstract. Capillary movement in porous building materials is modelled by unsaturated flow.
Material property needed for the calculations is liquid water diffusivity which is usually
estimated by water absorption coefficient and capillary saturation moisture content. While
determining of water absorption coefficient can be done according to EN-ISO 15148:2002 there
is still lack of knowledge about sources of uncertainty in the experiment. In this paper author
presents results of ruggedness tests done with mortar. The sources of errors investigated here
was the shape and water inflow area of the specimen. Some specimens were also deprived of
side sealing and sealing of upper surface as it was known to have impact on results. Results
shows there is no considerable impact on measured capillary properties if the specimen sides are
sealed or not. Nor does affect the immersed surface area of the specimen. The shape of the
immersed surface instead has significant impact on values of both water absorption coefficient
and capillary saturation of the specimen.

1. Introduction

A free water intake test performed by a standard method [1] is simple and reproducible experiment [2]
[3]. As aresult, we get water absorption coefficient and capillary saturation moisture content, which can
be used when estimating liquid water diffusivity [4] [5] [6]. These material characteristics are based on
unsaturated flow theory, which Hall has proved to be relevant also with building materials [7] [8].

The results of interlaboratory comparison [9] illustrated the need to improve the test methods when
determining water absorption coefficient and water vapor permeability. In this article we focus on the
absorption coefficient. Afterwards the state of the art methodology to determine water absorption
coefficient were published [2]. The methodology is based on theoretical and practical approaches alike
ruggedness tests reissued by authors. Even though the sources of uncertainties were well known, there
was not a clear policy of the shape of the specimen. Even in later researches [10], the improvements of
material characterization methods have not taken a stand on these questions. Author suggests that the
greatest uncertainties should be observed in standard to get more reproducible measurement results. For
example, the shape of the specimen should be prescribed.

In this research a series of water intake experiments was made by automatic measuring equipment
with method described in [11]. In these experiments there were variations in specimens’ size, shape and
sealing of sides and upper surface. These variations were chosen, because they are known sources of
uncertainties [2]. There were also other motivations for these variations:

e Specimen size has great impact on amount of preparation work as grinding and it is not clear if
all the benefits of increasing the area are achieved after, for example 100, 200 or 300cm?.
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e Sides and upper surface’s sealing does take significant part of the preparation time despite of
the size of the specimen. It is known there is difference between wax and duct-tape sealing while
the impact of omitting the sealing is not published.

e Shape of the specimen is told to be square or round. The theoretical basis of the experiment
claims 1D-flow, which is mostly interrupted at the sides or corners of the specimen. There is
not ruggedness experiment published, which would concentrate on collating different shapes.
Most of experiments summarized by [12, p. 42], for example, have been made by square
specimens although one might assume 1D-flow is more clear in the circular ones.

2. Methods

A free water intake test specified in standard [1] was made to quantify two material characteristics:
water absorption coefficient and capillary saturation water content. In the test one surface of the
specimen is immersed in water and amount of water intake is measured by weighing. When the weight
change is plotted against square root of time, a linear relationship can be seen. Water absorption
coefficient is a slope of the first linear part of the graph (Fig.2 0-100s’°) and capillary saturation is
reached when water intake slows notably (Fig.2 >150s"°).

2.1. Preparations of specimens

The material used in ruggedness experiments was seaming grout, colour marble white delivered as a
powder. The specimens were casted in laboratory by manufacturer’s mixing instructions to different
sized (Table 1) frames with height of 15 mm. After compaction, the moulds were covered with thin
plastic foil and left in laboratory environment for next 7 days. Then specimens were unmoulded and
cured next 21 days at 22 °C and 70 % relative humidity. After curing the specimens were conditioned
and stored at 23 °C and 50 % relative humidity until the tests were done.

The specimen preparation included evening the surfaces by diamond wheel, waxing the sides and
covering the upper surface. The depth of grinding the absorption surface was about 2 mm to minimize
the skin effects in cast surfaces. Waxing and covering was done only to specimens with sealing (Table
1).

The weight of specimen was then measured during conditioning, before and after the sealing, before
the test with the specimen holder, during the test by automatic measurement, after the test with and
without specimen holder, before and after removing the sealing and later after the oven drying to
constant mass.

Specimen side sealing was made by mixture of two commercial products: Microcrystalline wax
(Sasolwax 1800) 60 % of weight and Paraffin (Sasolwax 5603) 40 % of weight. Two layers were
spread to sides of specimen, the first layer with warm and more liquid one and the second layer with a
little colder and more stiff one. An acrylic plastic plate was used to cover the upper surface. The plate
was sealed about 1 mm off from the surface by the wax used at side sealing. A small pinhole was
made in wax to disable air pressure difference over the plate.

Table 1. The variations of the specimens.

Group n shape dimension* sealing
A 3 round 185 mm yes
A 6 round 50 mm yes
A 8 round 140 mm yes
A 12 round 90 mm yes
a 6 round 50 mm no
a 6 round 185 mm no
B 6 square 150 mm yes
B 3 square 40 mm yes
b 6 square 40 mm no

* side length for square, diameter for round
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2.2. Free water intake test

The free water intake test was made by automatized equipment, where weighting is done without
disturbing water contact. The device is composed on the shelf from which can be found places for
balance, parts of a water flow system, water level adjustment tools and a closed place for absorbing
water container and specimen holder. The picture of shelf can be seen in Figure 1.
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Figure 1.
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Continuous measuring causes an error as buoyancy is affecting to the measured weight of specimen
[11]. Buoyancy changes are calculated out to get the real weight increase. The changes consist of water
level decrease caused by evaporation and water intake of the specimen as changes in atmospheric
pressure can be neglected. The amount of evaporation is measured in separate calibration measurements,
where plastic plates are immersed in water and weight change measured. The changes of water level
caused by thermal expansion were avoided by steady water temperature.

A typical weight change plot is presented in Figure 2. There are graphs of two specimens with
different shapes; other one is circular and other one square. The graphs of circular specimen are fitted
to start at y-axis point 0 kg/m? and for square ones they are fitted to start at point 1 kg/m? to make
different curves more readable. The legend for graphs are presented in Table 2.
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Figure 2. A typical weight change plot and linear regression curves.

Evaporation rate did not affect weighing results greatly (Fig. 2 difference between graph 2 and 3). Water
level decrease because of water intake of specimen had greater effect (Fig. 2 difference between graph
1 and 2). This is not the case always, the smaller the intake area, the less does the water level decrease
because of intake. Decrease can be calculated precisely and thus it does not have an effect to the
reliability. The evaporation instead has same effect for all different sizes and reliability is dependent on
the duration of the test, which in this case was relatively short.

Table 2. Index legend for graphs in Figure 2.

Index  meaning

1 specimen absorption fixed weight
2 evaporation fixed weight

3 measured weight

4 water absorption coefficient slope

linear regression between 5-105 s°°

5 capillary saturation slope
linear regression between 170-300 s°°

The result from free water uptake test is a weight change curve (Fig.2 graph 1) from which the material
characteristics can be calculated. The water absorption coefficient is a slope of the first, more steep part
of the curve (Fig.2 graph 4). If also the second linear part can be found (Fig.2 graph 5), one can calculate
capillary saturation as it is achieved at the time the first and the second linear fit crosses. The crossing
point also reveals the time when the water front has reached the upper surface of the specimen. Water
penetration coefficient can be calculated by this time value as the height of the specimen is known. A
more precise description of the calculation can be found from [11].

3. Results
Both material characteristic measured, water absorption coefficient and water content at capillary
saturation, were plotted against face area of specimen (Figures 3 and 4). From the graphs, it was possible
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to analyze visually the effect of variations between samples to the results. The specimens were grouped
by the sealing and the shape. The groups were: round with sealing (A), square with sealing (B), round
without sealing (a) and square without sealing (b).

3.1. Water absorption coefficient

Standard deviation between specimen in general were fair big inside the specimen groups. The deviation
can be seen in Figure 3 as a vertical pile of markers, where water absorption (y-axis) of each specimen
is displayed against area (x-axis) of the specimen. There are also three linear trendlines traced for groups
A, B and a to show the effect of the suction area to the measured absorption coefficient. Group b did not
have different sized specimen.
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Figure 3 Water absorption coefficient against area of each specimen
Markers are the same but bigger for averages drawn for each group and specimen size

The trendlines indicate there is not clear dependence between the surface area and water absorption
coefficient. In the group A there is several different intake areas and a slight fluctuation in the absorption
coefficient averages of different areas can be seen. In all groups the trendlines are almost horizontal,
which indicates the area did not affect to results. In earlier ruggedness experiments reported by
(Bomberg & Plagge, 2005), there were huge differences in t-values of surface area even though the
material and areas were comparable between different experiments. All previous results and the results
shown here indicates that the surface area should be precisely specified in standard to make experiment
and results reproducible. This is because clear dependence nor independence cannot be shown.

There is not clear difference between sealed and unsealed specimen (group A and a); the unsealed
specimen (group a) with bigger area has greater absorption coefficient than sealed ones (group A), but
the same cannot be seen with small specimens. With the square specimen the same difference can be
seen with small specimen, tough it could not be seen with bigger ones as there is not group b with bigger
suction area. We do have former practice and theoretical background, which call for the sealing [9].
Author suggests the sealing should be done, tough the results got from experiments done without the
sealing are somewhat inside the variation between specimen with sealing. In our case the high relative
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humidity of the measuring cabinet might be one of the reasons why the side sealing did not have
significant effect, which indicates the cover of the upper surface has an impact.

Clear difference between the round and the square ones can be seen. The difference is systematic in
all different sizes both with and without the sealing. This clearly indicates that the shape of the specimen
should be specified in standard if comparable results are in demand. The theoretical basis call for 1D-
flow, which might be expected to be achieved better in round than in square specimen. Auhtor suggests
the circular specimens could be used tough the main argument is the expectation of better 1d-flow,
which cannot be concluded by the results of these tests. Whether the shape is round or square, it should
however be stated in standard.

3.2. Water content at capillary saturation

The deviation between the specimen is somewhat smaller in capillary saturation than in absorption
coefficient. While similar figure is plotted for capillary saturation (figure 4) that earlier was plotted for
absorption coefficient, a little different dependence between results can be seen. The linear trend does
not fit to results of the group A, where can be seen quite clear dependence between the area and the
capillary saturation of the specimen. As groups B and a includes only two different sized specimens, the
same conclusion cannot be done and trendlines are not traced.

310
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O A, Round with sealing ® 3, Round without sealing

O B, Square with sealing B b, Square without sealing
—O— Averages A ® Averagesa

O AveragesB B Averagesb

Figure 4 Water content at capillary saturation against area of each specimen
Markers are the same but bigger for averages drawn for each group and specimen size
Averages of group A are connected by smoothed trendline

The size of the water intake area seems to have a local maximum somewhere between 5000-10000
mm?. While there is not a good explanation for this observation, there is a need to confirm the shape of
the non-linear trendline. It could be done by measuring different sized specimens in other groups also.

It seems that the side sealing lowers the measured capillary saturation water content. The impact of
the side sealing is in the same scale as the impact of the suction area. However, it seems clear that the
used side sealing does have good sealing properties as it quite clearly lowers the absorbed amount of
water. Author states that this confirms the need of side sealing suggested in the section 3.1.

If one assumes as big suction area correlation to square specimen as can be seen with round specimen,
it could be deducted that square specimen does suck more water. Now the higher capillary saturation of
the middle-sized round specimen is in same level as the values of small and big square ones. At least
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one middle-sized sealed square specimen group should be implemented to confirm findings between
differen shaped specimens.

4. Discussion

The main goal of the test is to measure material characteristics for building physical simulations. Many
of the standards regarding water absorption are to characterize materials between each other in the
specified group, or in some cases theoretical basis are not included [12, annex 1]. Therefore, only EN-
ISO 15148 [1] is referenced here.

The main weakness of the study was, that the tests were done with just one mortar. Tests should be
redone with some another material; the better would be to redo test with calcium silicate plates or another
homogeneous material which could be sawed or cutted, not casted. Now there is a possibility that the
variations seen in the results are caused in casting and molding the specimen.

Another clear defect with the mortar is the somewhat heterogeneous pore structure, though it likely
is more homogenous than the pore structure of concrete. The aerated concrete is usually implemented
in this kind of tests, but it does have a duplex pore structure which causes some conflicts to the
theoretical basis of the experiment.

The disadvantages mentioned above does cause the variations between the samples. However, the
main conclusions here is made from the averages of the samples to avoid the problem.

There were also done quite many correlation reviews between another measured values of the
specimen. One to mention, the dry density did not have correlation to the absorption coefficient nor
capillary saturation even though it did have a very small correlation to the area of the specimen. The
biggest specimen had 2-3% higher density than the smallest ones. This however does not explain the
effect of the area to the capillary saturation as the variation in density is in different decade than the
variation of the capillary saturation and absorption coefficient.

It seems that the corners of the square specimen absorb water more and faster than the rest of the
specimen. More or less the same effect can be seen in the edges of the round specimen, as the moisture
can be seen first near the edges of the upper surface. This effect though cannot be seen clearly in the
smallest specimen, which in this case, to say, consist “only edges”.

The effect of 3d-flow near the specimen sides might cause oversaturation in closest pores. Also the
side sealing might affect to 3d-flow, but it is not clear does it have positive or negative impact. However,
the evaporation near the sides affects to the results if not sealed. The impact depends on the measuring
cabinet moisture levels.

The mentions above indicates that the biggest samples would give most reliable results, but it cannot
be deduced reliably by this study alone. The most important additional studies are already mentioned
within the results. An essential defect with capillary saturation was lack of earlier ruggedness studies,
as the findings could not be reflected and confirmed.

5. Conclusions

The clearest finding in the study is the difference between the round and the square specimens. The
effect of the area though is not so clear. The effect of the side sealing seems to stand also within this
study. It seems however, that the side sealing is not so important with the studied kind of material, when
using closed measuring cabinet with high relative humidity. It saves much time and does not affect
greatly to the results.

To confirm the findings, the test should be redone with another kind of materials to avoid the impact
of casting to the specimen pore structure. The best possibility might be calcium silicate plate from which
the specimen could be cut. With wider number of measured results, it would be wise to make also
statistical analysis to confirm findings.

Author suggests the standard EN-ISO 15148 [1], as a standard with theoretical approach, should be
clarified to increase the reproducibility of the tests. As the shape of the specimen seems to have an
impact to the results, it should be stated. Also the size of the specimen does have an impact, though it is
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not as clear to the water absorption coefficient as it is to the capillary saturation water content. Therefore,
some additional research needs to be done to propose novel approach.

The side sealing is already implemented in standard and there it should stay. However, it seems
possible that sealing of the upper surface does affect as the vertical side sealing does. This approach also
needs to be studied further.
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