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Abstract 

The aim of the paper is to present a few new devices that were developed at ITAM AS CR for non-destructive 
testing of materials, especially those from historically valuable structures. 
So called microtube is a semi-automatic portable tool for water absorption measurements. It consists of box with 
microprocessor where the time and amount of absorbed water is recorded and the plastic “pistol” – a part that is 
in contact with the material surface and where the scaled micro-tube is fixed on. The natural stones, mortars and 
other porous materials can be measured by the microtube; it is very useful to assess the efficiency of various 
hydrophobic treatments used within the restoration. 
The diagnostic device for in-situ assessment of timber in existing structures enables direct determination of 
conventional compressive strength and modulus of deformation in arbitrary depth along timber profile. The 
semi-destructive method causes a very gentle damage on the structural members. 
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1.  Introduction 
 
Historical structures in our region are usually very old and their value rises with the age. To 
maintain them so that they can survive next decades and centuries, it is necessary to control 
the material quality. Taking samples to the laboratory is one of the possibilities, but cutting 
out series of standardised specimens often disrupts the integrity of the structure and non-
destructive testing methods are preferred instead. In situ non-destructive testing of material 
quality of historical structures is challenging and should follow the needs of conservation 
practise. 
Surface quality and material sorption of liquids in general represent some of the important 
properties appropriate for in situ testing of porous materials such as natural stones, mortars or 
plasters. They can be found in walls, façades or statues.  
Wood was one of the most popular materials in the past and because of its durability, many 
timber structures survived to the present days. They are still serving, but sometimes we need 
e.g. to reinforce them so that they can carry higher loading caused by new roof material, 
changed climatic conditions etc. and we need to know their properties. But it is very difficult 
to measure mechanical property in situ non-destructively with a high accuracy.  
 
2.  Water absorption measurement 
 
The portable device for in situ measurement has been developed at ITAM AS CR 
for measuring water absorption of porous materials under low pressure. It helps restorers 
to assess material quality or treatment efficiency in situ, but it can be also used for laboratory 
testing of small samples, that can’t be tested by other popular methods such as standardized 
capillarity absorption, sponge method or by other tubes (Karsten, Mirowski). 
Karsten tube is a scaled open glass tube with volume of around 4 ml that has been used by 
restorers for more than 40 years. The circular contact area with diameter about 25 mm is fixed 
by to the surface with help of various sealants, tube is filled by water and the amount 
of absorbed liquid is recorded after specific time (e.g. 5, 10, 15 and 30 min). The method 
works well, when the contact between surface and tube is perfect. [1] Mirowski pipe is a 
closed modification whose contact area is filled by a sponge plug. The procedure of recording 



data is similar to Karsten tube. Sponge method has a few modifications, but the idea is to 
weigh the wet sponge before and after measurement to realize the amount of water absorbed 
by the material. Wet sponge is placed at the assessed surface for a certain time interval and 
taken away. Unfortunately, either perfectly closed box for transporting the sponge to the lab 
or sensitive balance in situ are needed for the measurement. [2]  
While developing microtube it was tried to avoid the disadvantages that Karsten tube has, e.g. 
fixing putty sealing the surface of the material around contact area or heavy glass tube not 
holding on the vertical surface. 
 
2.1 Microtube device description 
 
The microtube is a semi-automatic device that needs just one operator who is holding 
the pistol-like body and recording the values in the same time. Two main parts of the portable 
device can be seen on Fig. 1. There is a calibrated scaled glass microtube with volume 
of 0,1ml (scale lines correspond to 0,01 ml) fixed by magnet to the plastic pistol whose 
trigged is modified into micro-switch which controls recording of the data by the processor 
memory in a small metal box (Fig. 1b). The aluminium part on the pistol, where the magnet is 
positioned can move around so that the tube can be adjusted according to the measured place; 
not just vertical surfaces can be tested as with Karsten or Mirowski tube, but also those 
inclined and even ceilings can be measured by microtube. The pistol barrel with diameter of 8 
mm filled by cigarette filter for homogenous transfer of water from microtube to the surface 
material is surrounded by three steel sticks that help to hold the position during the test. The 
memory records the time, can save 150 measurements and there is a button that can substitute 
trigger while recording the data. 
The measurement itself starts when the pistol barrel is attached to the surface; the trigger is 
pressed for the first time. Then, every time when meniscus crosses the scale line, the trigger is 
pressed again. The memory records just time, the data are exported e.i. as Excel file; therefore 
it is necessary to make notes about the measurement specialities while testing. The speed 
of water absorption differs for each material and it obviously influences the tests. It can be 
evaluated as a water absorption coefficient and examples are shown below in the next part 
of the article. 
The approach to the portable device is driven by its great versatility and simplicity, which 
results in a low cost. The correct use of the device by the operator needs some skill 
and careful work, but it is easy to obtain by a short training.  
 

  
Fig. 1 a) Body of the device with microtube and barrel filled by a cigarette filter; b) metal box with memory 



 

2.2  Testing and results 

 
The portable device was primary developed for in situ measurement, it is light and handy 
and the smaller diameter of contact area allows measuring diverse surfaces than with Karsten 
tube; see examples on Fig. 2. The method is strictly local and can be used for testing 
heterogeneities in the materials, deteriorated surfaces or efficiency of treatment applied within 
the restoration works. 
 

  
Fig. 2 In situ measurement of water absorption; a) façade in Köszeg, Hungary; b) statue of Angel of Last 

Judgement in Pomezí, Czech Republic 

 
On Fig. 3 below it is demonstrated how the results from various materials look like. Four 
sediments, typical Czech stones used in the past, with different porosity and size of particles 
were tested. The same amount of water, 0,08 ml,  was absorbed. Two common sandstones, 
from Mšeno and Hořice quarry, absorbed water so fast that it was impossible to measure their 
movement across each scale line. Water absorption coefficient would be the highest for them. 
Arkóza, the stone with the biggest particles, is the ideal material – each step is recordable. On 
the other hand, opuka has the smallest size of particles, almost of clay size, and is very dense. 
Therefore the water absorption is slow. 
The water absoprtion properties correlate very well with the porosity and size of pores. But 
the results lead us to the possibility of correlation also with strength properties as was 
mentioned in [3]. 
 

3. Timber assessment 
 
The innovative device is designed to measure mechanical properties of wood using non-
destructive or semi-destructive investigation of its behaviour when loaded by a small size jack 
inserted in a pre-drilled hole. [4] The device can be used both in a laboratory and in the field 
to determine the condition and quality of timber. It can substitute the standardized laboratory 
tests for wood material property – strength in compression parallel to the fibre direction - with 
high precision. 
 



 

Fig. 3 The diagram showing the graphical evaluation of various sediment rocks 

 
3.1  Description of device 

 
The device provides the dependence of deformation on the tension brought about by pressing 
symmetrically placed jaws apart in a pre-drilled radial hole with 12 mm in diameter. The 
advantage of the device is the possible gradual recording of the force and shift of jaws 
(loading jack) at different depths corresponding to the required dimensions of commonly 
investigated constructions. On Fig. 4 there are details of the device for better understanding 
of the detailed description below. 
The construction of the device consists of an adjustable shell with arresting screws, battery 
cover and cover of electric installations. In the top part of the device body there is 
the mechanism consisting of a drawbar screw, a drawbar nut with a bearing, and nut socket. 
The drawbar screw has a load gauge screwed on in its conical bottom part; the drawbar is 
screwed to the load gauge; the drawbar allows for movement to the sides thanks to the joint 
and the joint pin. The bottom of the drawbar is connected to push/apart wedges by a wedge 
screw and wedge pins. The jaws with flexible arms are fixed by a jaw screw to the device’s 
body. The flexible arms allow the movement of the jaws when being pushed apart 
by the wedges and they keep a constant distance from the device body. The displacement 
sensor consisting of two metal plates with tensometric measurement of bending deformation 
is fixed to the body in the upper part. Deformation is caused by the conical part of the drawbar 
screw, which is in proportion to the axial shifting and thus also the distance to which the jaws 
are pushed apart. Inside the device, there is a transmitter electronically connected 
to the displacement sensor and the load gauge. The transmitter also has a wireless connection 
to a computer. The device is driven by a cordless drill with a gearing. [5] 
The finite element analysis was used to predict the behaviour of the device and sensitivity 
of measured outputs to common factors. Despite the small contact area of jaws there is a large 
theoretical area of impacted material, which suggests a good potential for estimation of non-
local properties of wood. Also DIC analysis was applied to understand further the impact 
of the test on the material. The specimens were cut into halves to enable to see the surface 
around the drilled hole along its longitudinal axis. All depicted results are within the elastic 
region of strain, in a parabolic distribution which was predicted by means of FEA above. [6] 



  
Fig. 4 Picture of device for compression stress-deformation measurement; a) an overview; b) a detail of the 

jaws in a pre-drilled hole 

 

3.2 Testing and results 

 
The signals from the device with information about deformation and force are transmitted 
wireless to a portable computer where they are further processed. Mechanical properties are 
determined using the data in the form of a stress-strain diagram, see Fig. 5. Axis x represents 
the displacement when the jaws are pushed from each other (into the material/loading – upper 
part of the curve); axis y shows the force necessary for the jaws to be pushed. The maximum 
force– yield point of ultimate load, was established from the intersection of tangents 
of the elastic and the plastic parts of the stress-strain diagram. Conventional compressive 
strength was determined from the proportion of the ultimate load and the area of the pushed 
jaws. The modulus of elasticity cannot be calculated directly from the diagram; the modulus 
of deformability was established using the angle of the curve fit through the linear part 
of the force record and deformation. [7] 
 

 

Fig. 5 The evaluation diagram of the test; both elastic and plastic parts of the curve are used to calculate the 

ultimate load 



4.  Conclusion 

 
Both devices have been developing for a certain time, went through a few modification until 
they reached their current shape. They are very useful for in situ non-destructive testing 
of historical structures. 
The microtube device helps restorers to assess the material quality of stones, mortars or 
plasters. It is also popular device for comparative testing before and after applying the 
hydrophobic or consolidation treatments. Many places can be measured and the map of the 
property within the structure can be done in details. 
The device for compression stress-deformation measurement substitutes the laboratory tests in 
situ and it became interesting for the specialists not only in the Czech Republic, but also from 
e.g. Germany or Norway, regions where the timber structures have a long history and have to 
be maintained.  
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