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Abstract 
Tocnik Castle is situated in central Bohemia cca 40 km SW from Prague. Some serious failures and 
deformations have appeared on the roof timber frame of the Royal Palace. Then the task arose how to repair the 
structure on site preserving the most of the original substance. 
Structural design solution finally offered that insufficient queen-post frame nearly two hundred years old should 
be replaced with another construction system of the period having short principals and king-posts in main 
trusses. The all-wood joints were designed to extend the rotten ends of some trusses. High quality of new 
inserted timber has been reached thanks to traditional techniques as hewing and hand sawing. Because of 
inaccessible terrain in the vicinity of the castle the replica of the medieval tread-wheel crane was used for 
vertical transportation of new timbers. The man-powered wooden machine proved its worth on adverse 
conditions and appears to be a good solution. Its appropriate working capacity was sufficient in desired labour 
schedule and brought even cost efficiency comparing to hire a truck crane with extremely long arm for the 
longer time. Conventional tubular scaffolding inside the building was replaced by adjustable and sliding one 
made from timber. Choosing the traditional “soft” methods of manipulation and woodworking finally brought 
good results. 
The most interesting results of the survey research executed before the conservation works are described. 
Various up-to-date diagnostic methods had been used including ultrasonic detection, X-Ray screening as well 
like resistance drilling. The testing and evaluation focused to localization of fungal decay and other hidden 
imperfections expected mostly in spots damaged yet before by intruding water from precipitations. The outputs 
of the NDT were visually verified during the first stages of the repair works, calibrated and used for later 
improvement to better anticipate the hidden failures. All applied NDT methods were mutually corresponding, 
and all of them allowed us to identify the hidden defects in satisfactory way. 
 



1. INTRODUCTION 
The Castle of Tocnik was built in 1398 by the order of Czech King Wenceslas the IV. From its very 
beginning it was designed to be not only solid and safe fortress but as well the representative residence 
of the king and his court. Although partly renovated in Renaissance period it remained unused at the 
start of the 17th century. After the sufferings during the Thirty Years War it remained abandoned and 
neglected. The only exception was the Royal Palace (Fig. 1) situated on the eastern side of the castle 
grounds. Its Great Hall was rebuilt in Baroque style to the St Bartholomew Chapel, which has been 
used as a place of pilgrimage in the 18th and 19th centuries. From the results of dendrochronological 
dating we know that the hipped roof topped by small bell spire was built probably in 1820 or soon 
after this date. A timber felling season in winter 1819/20 was revealed by tree-rings analysis done 
according the standard method [2]. In 1923 the Association of Czech Tourist bought the castle ruins 
from the Colloredo-Mansfeld family and kept it open for public. Today its sole proprietor is the Czech 
State maintaining the castle by means of the National Heritage Institute.  
 

Fig. 1 The Royal Palace of the Tocnik Castle seen from the courtyard terrace (left) and with the functional 
replica of  a medieval tread wheel crane (right) 

 

 
 
In 2007 the conservation works have begun on the roof of the Royal Palace mainly because of the 
seriously looking deformations (sagging tie-beams) which were clearly noticeable on the tie-beams. 
Additional reinforcing trusses installed in 20th century (see Fig. 2 on the left) obviously could not help 
enough. Structural surveys and evaluations finally lead to decision to change the construction system 
of the supporting frames and gradually replace the original queen posts, plates and bracing for the 
trapezoidal truss with truncated principals (“liegender Stuhl” in German typology, see Fig. 2 on the 
right) and with the hanging king-post. Such arrangement can distribute the load of the roof more 
conveniently sideways on the massive stone walls. Not only a construction type but as well the 
woodworking technology is supposed to be inspired by the traditional carpentry. Hewn timber, 
handwork manufactured all-wood joints. The castle is hardly accessible for heavier mechanization and 
limited annual amounts in the budget forced the investor to distribute the costs to several years. Finally 
the decision was to carry out all of the works without exterior scaffolding and without taking down of 
roof covering made from wooden shingles. For the vertical transportation of timber material the 
wooden tread-wheel crane was installed on the top of the palace (see Fig. 1 right) and proved to be      
a perfect tool absolutely not depending on energy supply. Moreover there was a chance to test such the 
crane in long-time routine operation.   
The contractors demanded non-destructive testing of the most important structural members within the 
structure to be prepared for the real amount of repairs. Detailed survey should help to prepare and 
effectively organize conservation works performed in complicated situation on the site. Just visual 
inspection couldn’t sufficiently describe the actual extent of the damages. There was a suspicion that 
the hidden decay is spread more than is apparent. First of all an expendable section obtained from the 
one of the seriously eroded beams was used for verification and calibration of methods. Then three 
different methods of NDT were applied. Six cross-cuts carried out in places of measuring showed the 
factual condition of wood. Quantified by the accurate measuring the real extent of rotten part was 
compared with the results obtained by means of diagnostic tools.   



Fig. 2 The Royal Palace timber roof trusses before and after the repairs 
 

 
 

 

2. DIAGNOSTIC AND TESTING RESULTS  

 

2.1. Ultrasonic inspection 
Among the portable diagnostic instruments available for in situ defectoscopy of historic timber 
elements the ultrasonic devices are the most effort-saving, fast and easy to operate. For the testing of 
wood the appliances normally work with frequencies from 20 kHz to 500 kHz. The transmission 
velocity between two sensing heads depends on actual condition of the examined material. A relation 
between ultra wave velocity and elastic properties of wood has been proved and described [1], [4]. The 
method can be used wherever is possible to measure exactly the differences of velocity between the 
intact and damaged wood [8]. For the detailed description of the rotten area extent a combination with 
computer assisted tomography or resistant drilling is necessary. Four degrees rating published in [6] 
was used for the classification of quality: 1 – slight damage, 2 – average damage, 3 – serious damage, 
4 – total destruction.  
 

Tab. 1 Grading evaluation based on the average velocity of ultrasonic waves running across the grain 
 (for humidity 12 – 16%) 

 

Damage rating Transmission velocity range  [m/s] 
held for the wood of spruce (Picea Abies) and fir (Abies Alba) 

1 1260 – 1800 
2 920 – 1260 
3 750 – 920 
4 500 – 750 

 

During the surveying works at the Tocnik Castle the Arborsonic Decay Detector-ADD was used. The 
hand-held appliance works with 77 kHz frequency, display shows immediately the time of 
transmitting between two sensing heads each with diameter 25 mm. Tab. 2 shows the calculated 
values of transmission velocity detected in six different positions (see Fig. 3) for both the horizontal 
and vertical setting of sensors.  

Tab. 2 The results of ultrasonic testing of the calibration fragment – one of the tie-beams in the Royal Palace 
roof 

 
 Transmission velocity (m/s) 

Direction/section 1 2 3 4 5 6 
Horizontal 963 222 222 227 1009 1531 
Vertical 706 266 266 265 449 1534 



2.2. X-Ray screening 
The second testing method was performed by means of portable system DIMAP Mk2 which is 
composed from three components: X-Ray generator Inspector XR200, flexible plates 204×432 mm 
and scanner EPIX which allows viewing roentgenograms on the display of normal laptop. 

 
Fig. 3 Lateral side of the tie-beam, the crosses help to match X-Ray scans positions 
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Fig. 4 The lateral X-Ray view on the tie-beam 
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When associated in consecutive way as a band-picture (Fig. 4) the X-Ray scans can provide quite solid 
general overview about the actual condition of the beam especially about the real extent of the hidden 
damages. Rotten parts distinguish themselves by missing of tree-rings which are normally clearly 
visible. Thicker white lines shows opened drying cracks and dark spots reveal the knots, their volume 
and distribution. 

 

2.3. Drilling resistance 
The microdrilling machine called Resistograph was used for semi-invasive testing as the third 
advanced diagnostic tool. The battery operated drilling machine suits the purpose of in-situ use. Drill 
bits are made from wolfram topped with the steel points. A length of the drill depends on used type; 
the weight of drilling machine is about 3 kg. During the measuring process the resistance of material 
against the penetration of very thin drill (1,5–3,0 mm) is registered and logged directly to the laptop. 
The outputs in graphic record show density profile so called dendrogram (prog. Decom).  
Hidden fungal decay represents very frequent failure of wooden structures, especially of the timber 
joists and tie beams in roofs, which ends often used to be embedded to walls in the historic structures. 
That is why the measuring of drilling resistance is a convenient method for the diagnostics of wooden 
structures and elements inside the old buildings [3], [7]. 
Six examples of density profiles from the calibrating section of the tie-beam from Tocnik Royal 
Palace are depicted on the (Fig. 5) to be compared with the photos of decay as it was found in cross 
cuts 1–6. 



Fig. 5 Graphic outputs from the Resistograph compared with corresponding cross cuts 
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3. CONCLUSION 

There were two particular non-destructive diagnostic methods used for the identification and 
specification of hidden damage extent on the tie-beams of the main trusses of the Royal Palace roof – 
ultrasound velocity detecting and X-Ray screening. The obtained results were verified by means of 
semi-destructive method – resistance microdrilling.  

All applied NDT methods were mutually corresponding, and all of them allowed us to identify the 
hidden defects in satisfactory way. Ultrasonic testing mostly required correcting by visual inspection 
for to avoid or at least minimize the influence of natural imperfections. The major advantage of X-Ray 
screening is a complex view on the tested section of the beam. Natural imperfections inside the wood 
are good visible there. The Resistograph has appeared to be most precise in showing the dividing line 
between solid and disintegrated wood mass.  
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