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Abstract: The mining activities for the exploitation of the iron deposits often lead to 

massive deformation and displacement of rocks, with major consequences on the civil and 

industrial buildings on the surface, sometimes even including the loss of human lives.  

The mining activity in the research area have had in time a series of negative effects 

on the soil and human settlements. The first manifestations of the deformation were the 

appearance of cracks in the monumental building of the Orthodox Church of Ghelari, as well 

as to some houses in the influence area of the mining exploitation. 

The great degradation in the perimeter of Ghelari is well-known. In time, a series of 

submergence of the land due to the mining activities was signalled. The present paper intends 

to present a study on the character and the amplitude of the phenomenon of mining 

subsidence as a result of the anthropic activity mentioned above. 
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1. Introduction 

 

The monitorisation of the phenomenon of mining subsidence is an important operation 

in the mining areas for observing in advance the possible displacement of the surface in the 

mining influence area.  

It is known that the mining subsidence refers to the vertical and horizontal 

displacement of the surface, caused by the exploitation of any type of deposit (coal, salt, 

minerals, etc.), excluding the displacement caused by earthquakes, landslide, erosion or other 

external factors.  

The bigger are the cavities created by the exploitation of the mineral deposits, the 

more the surface above the exploitation is affected, through submergence, displacement, 

deformation and even cracks.  

The displacement of the surface is produced as a result of the redistribution of the 

tensions in the rocks, under the influence of the underground excavations created during the 

mining activities or as effect of the drainage of the aquifer formations.  

The qualitative and quantitative evaluation of the displacement of the rocks as result of 

the underground exploitation is performed by monitoring the parameters of the displacement 

of the surface above the exploitation, necessary for the design of the safety pillars or the 

establishment of the safety measures for the constructions in the area.  

The area in our research is historically attested (213-215 B.C.) as an iron mining area.  
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 Constantin Daicoviciu affirms in his scientific works that the old Latin inscription 

”natus ibi ubi ferrum nascitur” (born where the iron is born), from Corpus Inscriptiorum 

Latinorum, refers to the locality of Ghelari. 

Ghelari is geographically situated at 45°42' north latitude and 22°47' east longitude, in 

the eastern part of the Mountains Poiana Ruscă, Hunedoara County, Romania.  

Topographically, the former iron mining exploitation Ghelari is placed, according to 

the  general urban plan both in the intravillan and the outside of the locality of Ghelari. Figure 

1 shows the location of the research area. 

 

 
Figure 1: The location of the locality of Ghelari 

 

The mining exploitation Ghelari negatively influenced in time the soil and the human 

settlements. The first manifestations of the subsidence were the appearance of cracks in the 

monumental building of the Orthodox Church of Ghelari and in other houses from the 

exploitation area.  

The degradation of the soil surface and the appearance of the subsidence areas in the 

perimeter of the locality was produced by the submergence of the land due to the underground 

procedures for the extraction of minerals in all the mining perimeters of Ghelari Central, 

Ghelari East, and Ghelari West. 

Figure 2 presents a significant example for the negative effect produced by the 

phenomenon of subsidence.  

 

 
Figure 2: The negative effect of the phenomenon of mining subsidence 

 

In time, in the area, a series of studies and research were performed in order to 

monitor, forecast and model the phenomenon of deformation and submergence of the surface 

in the influence area, depending on the strategy for the exploitation of the new deposits.  

https://ro.wikipedia.org/wiki/Constantin_Daicoviciu
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Due to the special importance of this area for the monitoring of the mining subsidence, 

we aimed to contribute to this aspect with the results of our study.  

 

2. Materials and methods 

 

To perform the study on the mining perimeter of Ghelari, we designed a network of 

alignments for the observance of the researched phenomenon, using a micro-triangulation 

network created with the help of the GNSS technology,  through the static method. Next we 

performed the topogeodesic measurements, with the help of the total station, for the 

determination of the planimetric values of the tracking marks placed above the influence area 

of the diving bed, using the method of radiation. The altimetric values were established with 

the help of the level and its accessories, for a superior precision of the observations, using the 

method of middle geometric levelling.  

            As a result of the topogeodesic measurements, we analysed and evaluated the 

precision in the determination of the planimetric and altimetric values. The elimination of 

the measuring errors was possible through the compensation of the topographic 

measurements using a specialised soft for the automatic processing of the topographic 

measurements, finally obtaining the results presented in figure 3.  

 

 
Figure 3: Extract from the centralising table resulted after the topographic measurements 

  

After obtaining the planimetric and altimetric values and the data processing by 

applying the compensation of the errors, we calculated the parameters defining the diving bed.  

The processing of the topographic measures necessary to the calculation of the 

parameters defining the diving bed was performed using a calculation system where we 

introduced all the planimetric and altimetric data resulted after the topographic measurements 
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in the field, especially the value of the level differences and of the distances reduced to the 

horizon, used to determine the values of the parameters specific to the phenomenon of 

subsidence (submergence, inclination, curvature, radius of curvature, specific horizontal 

displacement, and horizontal displacement).  

Figure 4 shows an extract from the calculation centraliser for the determination of the 

final values of the parameters specific to the diving bed of the mining area of  Ghelari. 

 

 
Figure 4: Extract from the calculation centralisation for the parameters of the transversal 

alignment   – Ghelari mining parameters 

 

3. Results  

 

After the calculation of the specific parameters, for a general observation and 

presentation of the results, we graphically represented the parameters, as depicted in the 

images below:  

 

 

 
Figure 5: The representation of the submergence 
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Figure 6: The representation of the inclination 

 

 
Figure 7: The representation of the curvature  

 

 
Figure 8: The representation of the radius of curvature  
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Figure 9: The representation of the horizontal displacement 

 

 
 

Figure10: The representation of the specific horizontal deformation 

 

4. Conclusions  

 

The studies and research have shown that, by analysing the movement of the tracking 

marks situated in the influence area of the diving bed, after the displacement and deformation 

end, the tracks placed in the surface will change their initial position, neither vertically, nor 

horizontally.  

Starting from this aspect, we can appreciate that the elements helping for the 

characterisation and the quantitative and qualitative evaluation of surface movement – the 

parameters of the diving bed – are used to establish the dimension of the safety pillars and the 

safety measures for the constructions on the surface or in the underground.  
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 To understand the modification of the surface as effect of the underground mining is 

necessary to  study in detail the displacement of the entire package of rocks in the exploitation 

level toward the surface and to precisely determine the parameters specific to the diving bed 

influencing the entire process of displacement and deformation of the surface.  

The evolution of the displacement and deformation of the land depends on the 

parameters specific to the deposit, the types of rocks met during the excavation, which are 

factors revealing a unique behaviour for each type of mining exploitation.  

The study of the influence of the underground exploitation is necessary to highlight 

the movement and to establish the safety measures for the constructions at the surface and for 

the surface itself.  
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