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1 Introduction 
Some underground mines are partially revitalized after mining operations cease and serve as tourist 
attractions ( Rybar and Hroncek 2017; Tost et al. 2021). Such facilities also exist in Poland and 
include hard coal mines, gold mines, salt mines, and a Neolithic flint mine. The most famous and 
visited by over 2 million tourists annually, are the historic salt mines located in towns of Bochnia and 
Wieliczka – near Kraków, southern Poland (Wiewiórka et al. 2008; Dzięgiel 2021; Szydłowski and 
Flasza 2022). Both mines began their operating in the mid-13th century and are listed on the UNESCO 
World Heritage List. 

Due to the rheological properties of salt, underground workings are subject to continuous deformation 
(May 2017). In the case of voids not intended for use, they are backfilled. This necessity arises from 
the potential collapse of the excavations, which would consequently threaten the surface structures of 
the town located above the mine (Szczerbowski 2020). In the case of maintained chambers, 
deformation requires periodic reconstruction. Furthermore, the need for reconstruction also arises from 
the necessity to adapt the excavations to current safety requirements or to increase tourist comfort. 
Such a case occurred in a salt excavation located at a depth of 180-210 meters, originally excavated in 
the first half of the 18th century. Renovation works are subject to significant limitations due to the 
historic nature of the facility and the heritage protection exercised by the conservator of monuments. 
Among the conservation restrictions affecting the construction technology include the type of support, 
which should be as similar as possible to the original type, and the need to preserve certain historical 
elements of the support and equipment. 

The aim of this study is to assess the stability of a selected historic section of the excavation planned 
for reconstruction, which will involve increasing the lateral dimensions and implementing new 
support. To establish the technical assumptions for the work, geological conditions were analyzed, 
laboratory tests of the mechanical parameters of salt were conducted, and several years of our own 
convergence studies from the analyzed area were used, as well as roof layer displacements measured 
using an extensometersonic probe (Szczerbowski and Niedbalski 2021). Based on the above data, 
numerical calculations of the predicted extent of the fracture zone were performed to estimate the 
necessity of applying support. 

2 Geological conditions and salt properties 
The historic salt mine is located within folded Miocene formations north of the Flysch Carpathians. 
The deposit is a tectonically enriched salt series in the northern limb of the Bochnia Anticline. It is 
overlain by an unconformable layer of clays, silts, loess, and Quaternary sands, often of quicksand 
character. The Bochnia anticline is composed of nearly vertically dipping layers with an EW strike. 
The salt in the deposit is not homogeneous and is usually divided into three types: northern salts, 
central salts, and southern salts with interbedded barren rocks (see Fig. 1). Due to the nature of the salt 
strata occurrence, mining operations in the analysed area were conducted for about 750 years on a 
dozen levels at depths ranging from 50-520 m. The section of the excavation designated for 
reconstruction is located at a depth of approximately 180 to 200 m. 

a) b) 

Fig. 1 Geological cross section: a) vertical in distance 115 m from reconstructed roadways part, b) horizontalin reconstructed 
area. 
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26 mm (see Fig. 7b). These values correspond approximately to the actual convergence measurement 
period of approximately 10 years. Widening the excavation causes a slight shear crack zone in the 
corners and an increase in the predicted displacements to approximately 71 mm in the floor and 
approximately 67 mm in the roof. It is estimated that the predicted convergence increase will be 
greater than the current one by approximately 5-6 mm/year, and the displacement values determined in 
the calculations will occur over a period of 10-15 years. In view of the above values, the use of 
wooden support for the reconstructed section of the excavation is predicted. Apart from purely 
historical reasons, due to the deformability of the wood over a long period of time, it can be assumed 
that it will safely protect the excavation. 

4 Summary 
Historic underground structures maintained for tourist purposes require a special approach. This is due 
to their long period operational life, the restrictions imposed by the monument conservator, and the 
number of visitors who must be provided with the highest level of safety. In the case of the Bochnia 
Salt Mine, field observations have been conducted for many years to assess and, if necessary, forecast 
phenomena that may occur around the underground excavations. 

Laboratory and mine tests, as well as numerical calculations, indicate that convergence is currently 
occurring at a rate of approximately 6 mm/year in the excavation designated for reconstruction. The 
largest displacements occur in salt layers up to a depth of approximately 2 m from the excavation 
contour, ranging from 7 to 17 mm over a 7-year period. Numerical calculations based on the 
Coulomb-Mohr elastic-plastic rock parameters indicate that increasing the cross-section of the 
excavation being rebuilt from approximately 12-13 m2 to approximately 24 m2 couldincrease the 
excavation's compression rate to approximately 10 mm/year and potentially create fracture zones in 
the excavation's corners. Therefore, it is necessary to apply wooden support, which should fully ensure 
the stability of the roadway and safety for hundreds of thousands of tourists annually. 
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