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Abstarct

This paper presents a new nondestructive method of brick wall dampness testing in real building
structures. The method is electrical impedance tomography (EIT). It makes it possible to obtain a 3D distribution
of wall dampness. Basic information about the built measuring system, including prototype equipment, is given.
The setup was used to determine the dampness of test brick walls on a specially built laboratory test rig. The test
results obtained by the nondestructive impedance tomography method are compared with the results obtained by
the conventional destructive dry-weight method.
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1. Introduction
Brick wall dampness testing plays a major role in the assessment of the technical
condition of building structures, especially old apartment buildings and historical buildings,
whose brick walls usually have a high moisture and salt content due to the lack of damp
insulation (no such insulation was provided in the past) [3]. Excessive dampness results in
damage to the walls and to the plasters, facings, precious ornaments (paintings, frescoes,
stuccowork, etc.) covering the walls, as illustrated in fig. 1.

Fig. 1. Examples of excessively damp brick walls in historical buildings.

In order to stop the destruction of brick walls caused by dampness one must design and
install proper damp insulation. For this purpose it is necessary to determine the distribution of
dampness along wall thickness and height.

2. Current brick wall dampness testing methods
Currently, several methods are used to test the dampness of brick walls. Generally they can
be divided into destructive and nondestructive methods.
Destructive methods require that samples be taken from the wall. An example here is the
dry-weight method where the collected samples are sent to a laboratory to determine their
weight in damp condition and then their weight after drying at a temperature of 105°C to a
constant weight. Weight moisture content Um (which is one of the principal dampness
parameters used in Poland) is calculated from formula (1), where mw is the weight of the
damp sample and ms is the dry sample weight, in grams.
Um =

mw − m s
× 100%
ms

(1)

Another example is the carbide method (CM), widely known and used in Europe, which
does not require delivering samples to a laboratory. The samples taken from the wall together
with a vial containing a specified amount of calcium carbide are placed in an airtight
container equipped with a manometer. The container is closed, the vial is broken and the

water in the sample reacts with the calcium carbide, forming acetylene. The higher the water
content in the sample, the higher the pressure inside the container. The pressure is read off the
manometer and the dampness of the material is determined from special tables.
Nondestructive methods do not require that samples be taken from the wall, which is their
advantage over the destructive methods. Among nondestructive methods the most popular are
electric and nuclear methods, particularly: the electric resistance method, the dielectric
method, the microwave method and the neuronal method. But in the case of nondestructive
methods, the dampness measuring instruments must be graduated in order to determine the
correlation between their indications and the weight moisture content of the tested material.
Graduation is necessary because the indications of the measuring instruments depend on such
wall properties as: porosity, structure and the kind and concentration of salt.
The existing methods allow only the point or merely surface measurement (in the case of
nondestructive methods) of wall dampness, which is their main drawback. Therefore there is a
need for a method which would allow one to nondestructively determine the spatial
distribution of wall dampness. A new nondestructive method of electrical impedance
tomography opens up such a possibility.

3. Impedance tomography system design
To begin with, it should be mentioned that in electrical impedance tomography (EIT) the
electric current is the information carrier and the sought quantity is the distribution of
conductivity inside the tested object. EIT is a technique of imaging the 3D distribution of
conductivity inside the tested object [4] from measurements of the distribution of potentials
on the object’s surface. The object is a brick wall with damp rising from the ground.
Information about the distribution is obtained from several measurements of the potential on
the object’s surface at different locations of the excitation probes.
Figure 2 shows the tested object and the flow of current between the probes at a selected
projection angle.
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Fig. 2. Flow of current through object with nonuniform conductivity.

The distribution of potentials on the surface of an object depends on the distribution of
conductivity. Surface potential measurements are performed at different angles of projection
whereby the information needed to determine an approximate distribution of conductivity
inside the object is obtained. Because of its computational complexity, the numerical
algorithm for calculating the 3D distribution requires high computing power and a fast
processor.
Figure 3 shows a model of the object (a brick wall damp in its lower part and dry in its
upper part) adopted for preliminary laboratory tests.
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Fig. 3. Object model adopted for preliminary tests[1, 2].

The laboratory impedance tomography system, whose general block diagram is shown
in fig. 4, consists of the components listed in the figure caption.
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Fig. 4. General diagram of impedance tomography system [4]: 1 – measuring electrodes, 2 – computer controlled
system of selective excitation of electrodes, 3 – system of multipoint measurement of actual potential values on
tested object surface, 4 – system of measurement data pre-processing and logging, 5 – graphic computer, 6 –
calculating computer, 7 – tested object.

The impedance tomography system is based on an industrial PC with measuring and
control cards [4]. Additionally, electronic input circuit and selector-multiplexer systems were
built. The tomograph consists of three major parts: control, excitation switching and data
acquisition [4]. The constructed prototype equipment for nondestructive measurements
consists of: measuring probes, an excitation signal generator with power amplification, a
multichannel selector-multiplexer with galvanic separation, and a stationary computer set.

4. Test rig for dampness measurements
A laboratory test rig was built for carrying out measurements on real objects, using the
nondestructive impedance tomography method. The rig includes: four test brick walls (each
104 cm high and 51 cm thick) made of solid ceramic brick and lime-cement mortar, two
basins (with a dismantable aluminium frame) made of watertight material, prototype
equipment for nondestructive testing (an impedance tomograph). The rig allows controlled
dampening of test walls and investigating the resulting changes in wall dielectric properties.
The rig and the successive test stages are illustrated in fig. 5. It should be noted that
special quick-setting glue with a degreased graphite (an electrically conducting component)

addition was used to attach the measuring probes to the surface of the test walls [4]. The
composition of the glue was determined experimentally.
a)
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Fig. 5. Laboratory test rig: a) test walls are being built, b) test walls prepared for attaching probes, c) test wall
surface with attached measuring probes, d) testing of wall prior to dampening, e) test walls placed in basins filled
with water, f) testing of wall dampened up to half of its height.

5. Selected results of wall dampness measurements by impedance tomography
Selected test wall weight moisture content results obtained by impedance tomography
are presented below. They are compared the results obtained using the conventional dryweight method. It should be noted that the distribution of dampness along the wall height was
determined by taking samples from holes 1-3 shown in fig. 6. The samples were taken
immediately after nondestructive impedance tomography measurements by means of 13
measuring probes visible in fig. 6. Since the adopted tomographic algorithm approximates
brick wall dampness as an exponential function, the dampness distribution obtained using the

dry-weight method was extrapolated by the exponential function in order to make the
comparison more precise [4].
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Fig. 6. Face surface of test wall with marked holes 1-3 for taking wall samples and arrangement of 13 measuring
probes.

Figure 7 shows a solution (approximated by an exponential function) of the relative
distribution of conductivity inside the tested wall, obtained by the steepest descent (SD)
method and the variable metric (VM) method for the same excitation projection angle and the
same method of calculating the objective function [4]. The results were compared with those
obtained by the dry-weight method. As the figure shows, there is satisfactory agreement
between the results.
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Fig. 7. Comparison of relative weight moisture content distributions calculated by respectively conventional dryweight method, SD method and VM method.

6. Conclusion
A new nondestructive method of assessing brick wall dampness by means of a model
electrical impedance tomograph constructed for this purpose was described. The assessment is
based on the distribution of conductivity inside the tested wall, determined from numerically
processed surface potential measurement results. The system includes: measuring probes, an

excitation signal generator with power amplification, a multichannel selector-multiplexer with
galvanic separation, and a computer set. The proposed method was verified by simulations
and its main components were verified experimentally in laboratory conditions. The
conductivity distributions determined by the impedance tomography method were compared
with the results obtained by the conventional dry-weight method. Satisfactory agreement
between the results was found. Further research aimed at implementing this nondestructive
method in building engineering practice is underway.
This research was carried out as part of research project 4 T 07 E 045 29 funded by the
Polish Ministry of Education and Science in Warsaw.
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