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PROF. ADAM KLICH – IN MEMORIAM  

  
 

 

With a great regret and grief the Management, Scientific Council 

and Employees of the KOMAG Institute of Mining Technology 

received the information that Prof. Adam Klich passed away on 12th 

August 2022. He was the Member of the KOMAG Scientific Council 

over the years 1973-2015 and its Chairman for three terms of office 

over the years 1988-1999.  

For many years he was Scientific Editor of the KOMAG 

monographs and publications as well as a reviewer of scientific 

articles and conference papers.  

Prof. Klich was a dedicated scientist and researcher, specializing 

in issues of occupational safety and ergonomics in the mining industry. He was very active in the 

field of scientific development of the KOMAG young staff of researchers, whom he supported on 

their difficult path of getting scientific degrees. The results of his work have a measurable 

dimension as within the period of fifteen years forty KOMAG researchers gained Ph. D. degrees in 

technical science. 

 Prof. Klich’s achievements at KOMAG include activities oriented onto a high scientific 

standard of publications, presenting results of scientific, development and technical projects 

conducted by the KOMAG researchers, in particular examples of industrial implementations of 

innovative solutions of mining machines and equipment.  

Prof. Klich took part in scientific-and-technical conferences, organized by KOMAG, sharing his 

interdisciplinary knowledge and scientific experience with representatives of academia and industry. 

As the Scientific Editor of monographs: KOMEKO, KOMTECH, CYLINDER and SHAFT 

TRANSPORT he paid special attention to scientific honesty, reliability and genuineness. 

The subject-matter of Prof. Klich’s scientific activity covered innovative cutting of minerals, 

safe systems of shaft transport in mines, new designs of machines and equipment for roadway 

workings. 

Prof. Klich and his co-workers from the AGH University of Science and Technology initiated 

several scientific projects whose results contributed to a development of the mining industry in 

Poland and abroad. 

His collaboration with many foreign scientific institutions in the Slovak Republic, in the Czech 

Republic, in Hungary, in Germany, in Ukraine, in Russia and in Romania should be highlighted. 

The results of his research and development projects were presented at various conferences abroad, 

where he started collaborative links with American, Canadian, Japanese, Chinese, British, French 

and Indian scientists. 

Prof. Klich’s output of publications consists of more than 300 articles in Polish and foreign 

scientific magazines, 4 books, 2 monographs and 4 student’s books. He owned 55 patent – letters.  

In recognition of outstanding scientific achievements and their implementation into industrial 

practice, and also for a rich and creative collaboration with scientific institutions in Poland and 

https://creativecommons.org/licenses/by-nc/4.0/
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abroad, the Senate of the AGH University of Science and Technology rewarded Prof. Adam Klich 

with the Title of Honorary Professor.  

Prof. Klich will be remembered for ever not only as an outstanding scientist who was always 

ready to help all those who needed his assistance and scientific support, but mainly as a very good, 

noble-minded person, who was full of optimism and faith that even most difficult problems could be 

solved due to tolerance and strong will to reach a compromise. For His co-workers He was always  

a model of modesty and ability of discovering in people their best and most valuable features of 

character.  

Grateful for a multi-year, fruitful collaboration and all the activities oriented onto a scientific 

development of the KOMAG Institute, Prof. Klich’s co-workers from KOMAG will always 

remember Him.   

Requiescat in Pace! 

 

 

 

 

Małgorzata Malec 

KOMAG Institute of Mining Technology 

 

https://creativecommons.org/licenses/by-nc/4.0/
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Abstract: 

Mining machinery maintenance strategy based on the current dynamic 

condition of the equipment not only improves reliability, reduces repair 

and renovation costs, but also affects electricity costs. Due to the use of 

modern monitoring and diagnostic systems, as well as advanced control 

and supervision methods, it is possible to improve the efficiency of 

devices and thus reduce energy costs. Due to the high power of the 

devices, even a slight decrease in efficiency translates into significant 

financial resources. Taking into account the prices of electricity as well 

as ecological aspects, investments in modern solutions give specific 

financial and social savings.  

Keywords: maintenance, technical diagnostics, energy indicator 
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1.  Introduction 

One of the main costs in the mining plant includes the costs of electric energy. In relation to the 

mine specificity they constitute 20-48% of all the costs which shape the production efficiency directly 

[1]. The main expenses cover dewatering, ventilation and run-of-mine haulage as well as its 

preparation systems. In the case of ventilation devices, their unit powers vary in the section from  

750 kW to 1.5 MW. A few (2-3) fan stations and air treatment stations are operated in the central 

ventilation system. Pumps of the power 1-2 MW are used for the mine central dewatering system and 

their number depends on an inflow of underground water. The haulage process incorporates armoured 

face conveyors equipped with 3 drives of the power 300 kW, a beam stage loader of the power about 

200 kW, the sectional haulage system consisting of a few (3-5) conveyors with a double drive of 200 

kW and the main haulage system composed of a few (2-5) belt conveyors with multiple (2-4) drives of 

the power in order of 200 kW. The presented specification is of exemplary character. The parameters 

depend on the type of operation, the distance of the longwall under mining and the specificity of a 

given mining plant. Only main receivers of electric energy, which will be used for indicating 

guidelines of operational maintenance based on energy indicators, are mentioned. 

Each electric machine transforms electric energy into a different kind of energy, including 

mechanical, potential energy with a certain, finite efficiency. The devices, mentioned above, are 

complex and the energy is transformed in them in a few stages. For example, the energy factor of 

dewatering will indicate electric energy consumption needed for pumping a determined amount of 

water from the assumed depth within the assumed time. As the depth of the main dewatering 

operations can be regarded as the constant, so for a given case this factor will be expressed in kWh/m3 

[2]. Electric energy is transformed into torque of the pump shaft at a given angular velocity, then onto 

energy of hydrostatic pressure. This pressure causes a flow of water in the collector which rises the 

water mass to a given height and velocity of its outflow at the collector outlet. Similarly, a complex 

transformation takes place in other devices [3]. In the case of the haulage system, at a given longwall, 

the energy factor will be expressed in kWh/t of transported run-of-mine [4]. Obviously, the value of 

this factor will depend on the distance of the working from the transport shaft, however in the case of a 

given location, together with a geometry of the haulage route, this factor will be connected with 

efficiency of individual components of the haulage system. 

Relative values of presented energy factors, to a large extent, depend on efficiency coefficients of 

individual components transforming energy. The efficiency of these components depends, among 

others, on their technical condition. Therefore, a maintenance of machines in a good technical 

conditions has a direct impact on the costs of electric energy. Although this thesis seems to be 

common, it is not always noticed. A general analysis of a few selected systems in an exemplary 

mining plant will be conducted to illustrate these costs. Taking into consideration a contemporary 

geopolitical situation, increasing costs of electric energy as well as prospects of power transformation, 

the presented analysis can be useful in the scope of taking strategic decisions connected with 

maintaining operations. 

2. Materials and Methods 

Exploitational costs of a longwall shearer-equipped system 

In complex systems of energy transformation, the total efficiency is a product of partial 

efficiencies. Therefore, an efficiency improvement of any component has a direct impact on the total 

efficiency and thus on the energy efficiency. Taking into consideration exemplary devices in the 

longwall shearer-equipped system (Fig. 1), the following energy consuming devices can be indicated, 

together with their power (Table 1) and main energy transforming systems. 

 

https://creativecommons.org/licenses/by-nc/4.0/
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Fig. 1. Devices in the longwall shearer-equipped system: 

1 – Shearer, 2 – Toothed Bar, 3 – Spill-plate, 4 – Armoured Face Conveyer, 5 – Longwall Support,  

6 – Beam Stage Loader, 7 – Electric Apparati Box, 8 – Longwall Face, 9 – Loader, 10 – Cutting 

Drum, 11 – Haulage Unit, 12 – Tail-end Gate, 13 – Head-Gate 

 
Table 1. Exemplary power of devices in the longwall system 

Drive of Shearer 1.0 MW 

Hydraulic Supply of Supports 0.1 MW 

Armoured Face Conveyor 0.8 MW 

Beam Stage Loader 0.2 MW 

Crusher 0.1 MW 

 

From the specification, given above, it can be concluded that the power consumption of the 

longwall system, subject to an analysis, reaches 2.2 MW. In in-situ conditions the current consumption 

varies from 1.5 MW to 2.5 MW, in the case of complex and difficult seams. The given electric power, 

is transformed in electric motors into torque. Efficiencies of contemporary electric drives of medium 

power exceed 94% and for big powers - even 97%. It is a reaction to the European Union Directive 

EuP 2005/32/EC and to the Regulation of the European Commission 640/2009 ordering an application 

of energy – saving motors. The rated efficiency can be different from the exploitational efficiency. 

Different factors such as: a number of start-ups, cooling systems, dynamics of mechanical loading etc. 

[5] have an impact on the exploitational efficiency. For example incorrect parameters of motor cooling 

can reduce its efficiency by even 6%. The efficiency decreases when the operational period decreases 

and each general overhaul can reduce the efficiency by 4%. The condition of bearings, the condition of 

winding, the rectilinearity of the shaft line also have an impact on the motor efficiency. A poor 

technical condition of these components reduces the efficiency even by 10%. 

3. Analysis of exploitational costs - Results  

An exemplary longwall system of the rated power 2.2 MW showed the energy consumption on the 

level of 1 GWh during the monthly accounting period. This value depends on many external factors, 

so it cannot be the condition estimator. However, based on this information some savings, resulting 

from the exploitational policy, can be achieved. For example, an incorrect operation of the cooling 

system of the longwall shearer motor, which causes an increase of the motor temperature below the 

warning thresholds, can cause an efficiency drop on the level of 2% [6-7]. Assuming a proportional 

https://creativecommons.org/licenses/by-nc/4.0/
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electric energy consumption by a shearer, its monthly consumption will reach 0.45 GWh. An 

efficiency drop by 2% causes an increase of consumption on the level of 9 MWh during the monthly 

period. This cost would be connected only with an incorrect servicing of the cooling system. Similar 

calculations can be performed for other mechanical components and in the case when several 

irregularities occur, an increase of energy consumption in the range of several dozen MWh will be 

experienced.  

As it is not possible to show irregularities in drive systems based on energy factors, other methods 

based on monitoring and diagnostics of mechanical systems [8-12] should be applied. A detection and 

a repair of even small irregularities at the first sight will give serious savings in the scope of electric 

energy consumption [13].  

In the case of the central dewatering systems, the cost of electric energy dominates. Basic 

components of the dewatering costs have been estimated on the example of the main dewatering pump 

having typical parameters as given below:  

− capacity Q = 500 m3/h,  

− height of rise H = 800 m. 

Dewatering costs are composed of: 

− investment costs;  

− costs of electric energy for the pump drive. The pump of given parameters consumes the power 

in the order of 1.5 MW. A typical main dewatering pump is operated about 10 hours per day, 

i.e. 300 hours monthly. It gives the monthly energy consumption in the range of 450 MWh.  

− costs of repairs; 

− costs of servicing.  

From the assessment, presented above, the following conclusions can be drawn: 

− The cost of energy, generating over 90% of total costs, dominates in the total cost of dewatering 

operations with use of a typical main dewatering pump. Therefore, a reduction of dewatering 

costs should concentrate on a reduction of energy consumption. 

− The cost of consumed energy depends on energy efficiency of pumps to a large extent. In 

difficult mine conditions the initial efficiency of the pump assembly, delivered by the producer, 

is subject to a change and in a longer period the cost of consumed energy depends on the 

overhaul policy, which has a decisive impact on an average efficiency of pumps during their 

operation. 

For the parameters, given above, the efficiency of the pump assembly should be at least on the 

level of 75%, for which the power consumption will reach 1453 kW. However, if the assembly 

efficiency of such parameters reached 70%, then the power consumption would increase to 1557 kW 

and for the efficiency of 65% - to 1676 kW. As it can be seen, in the case of above given parameters 

such a reduction of efficiency means an increase of power consumption in the range of 200 kW. If  

a pump operates for 10 hours daily, i.e. 300 hours monthly, it gives an increase of power consumption 

in the order of 60 MWh.  

From the point of view of energy efficiency, the amount of energy consumed for pumping 1 m3 is 

essential. There is a certain unit value of energy, which should be consumed for pumping the liquid to 

the height Hg. A minimal value of the e1 indicator – a consumption of power pumping 1 m3 of liquid, 

expressed in kWh/m3, is its measure [14]. Minimal value of this indicator – e1,min, assuming an ideal 

flow of liquid is determined by the formula: 

e1,min = Nmin/Q = 3,6∙10-3∙∙Hg 

where: 

Nmin – minimal power of pump assembly, kW, 

Q – capacity of pump assembly, m3/h, 

  – liquid specific gravity, kN/m3, 

Hg – geometric height to which the water is pumped, m. 

 

https://creativecommons.org/licenses/by-nc/4.0/
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This factor enables to assess the energy efficiency of a given dewatering system by comparing the 

real energy consumption for pumping one cubic meter with the minimal consumption. Getting below 

this minimal unit energy consumption is impossible physically. However, during an exploitation it 

should be attempted that the real unit energy consumption is higher than the minimum to the possible 

smallest degree. As it can be concluded from the analyses presented above, the energy demand 

depends on: 

− real efficiency of the pump assembly ηz, which is smaller than one. The overhaul policy and 

a selection of the pump for the system have the biggest impact on the value of energy efficiency 

of the pump assembly, 

− values of losses in pipelines, 

− exploitational policy. 

In the case of the main dewatering system, the loading of the system is stationary and therefore 

the unit energy indicator is a measure of the system efficiency [2]. The following factors have 

a significant impact on the energy efficiency: 

− technical condition of the motor, 

− condition of the motor and pumps bearings, 

− axiality of shafts lines, condition of clutch, 

− rigidity of machine foundation, 

− sludge content in water gates, 

− collaboration of pumps operated on one collector, 

− condition of filters and flaps, 

− condition of pipelines. 

Each of the mentioned factors has an impact on general efficiency and each 1% of the efficiency 

drop causes additional monthly costs in the range of 4.5 MWh as in the presented example. 

Fan stations are equipped with fans of the power in the range of 750 kW÷1.1 MW. Mining plants 

possess 2-3 upcast shafts, so the total power of the ventilation system is 2÷3 MW. Fan stations are 

operated in a continuous mode, so it is possible to indicate a monthly energy consumption of electric 

energy on the level 1.5÷2.2 GWh. This calculation does not take into an account the systems for air 

treatment as well as methane drainage systems. An output of the ventilation system depends on the 

arrangement of underground gates, used local ventilation systems and additional flow resistance 

occurring in the mine. Due to this reason, the energy factor cannot be used for an assessment of fans 

technical conditions, however this condition has a direct impact on energy demand. Environmental 

factors, affecting the output of ventilation system, are regarded to be slow-changing and therefore 

sudden changes of the energy indicator can signal an incorrect operation of fan station. 

Fan stations give a possibility of controlling exploitational parameters which depend on 

environmental conditions. Due to that it is possible to optimize costs by appropriate control algorithms 

[15, 16]. In this case savings can even reach 5% of the energy demand.  

Another factor, enabling to improve the energy factor, includes diagnostic systems [17, 18]. Due to 

an early detection of failures the system reliability is increased, which is the priority in this case. It is 

possible to prevent against destructive processes which have an impact on energy factor. Calculating 

an average power of a fan station on the level of 1 MW, the monthly demand of electric energy is 

720 MWh. Therefore, each 1% of efficiency causes about 7 MWh of additional energy costs.  

4. Conclusions 

Efficiency of high power machines, operated in a continuous mode, directly and significantly 

influences electric energy consumption and therefore the costs of exploitation. In relation to the 

machine class, the policy of its exploitation, loading and control, a series of methods enabling, in an 

indirect or direct way, to monitor efficiency parameters, can be indicated. In these cases even a minor 

irregularities can cause essential costs. Therefore, an immediate maintenance personnel’s reaction can 

contribute to an improvement of the economic balance. The most important methods include: 

https://creativecommons.org/licenses/by-nc/4.0/
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− specialistic diagnostic and monitoring systems of technical condition, 

− advanced control systems, optimized from the point of view of reducing energy consumption, 

− exact compliance with the requirements specified in the technical manual, with particular 

attention paid to overhauls, check-ups and maintenance activities, 

− care about exploitational materials, lubricants,  

− high competences of servicing personnel. 

The presented recommendations and methods are more and more significant in the context of 

increasing costs of electric energy as well as climatic policy. 
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1.  Introduction 

The KOMAG Laboratory of Tests, apart from a broad scope of tests of mining machines and 

equipment, also conducts tests for other branches of economy. Among others, based on the agreement 

concluded with Regional Building Supervision Inspectorates, the Laboratory realizes strength tests of 

reinforcement bars. A necessity of conducting such tests results from the Act [1]. Simultaneously,  

a development of materials used for reinforcing concrete elements, causing a need of conducting tests 

of cognitive character, can be noticed. New grades of steel for reinforcing concrete are used which 

generates a necessity of experimental check-up of requirements as regards their suitability. Impact tests 

of some physical features of reinforcement bars on the parameters of reinforced structure forces e.g.:  

a need of testing the strength of reinforced beams [2] are indispensable. Composite reinforcement bars 

are implemented more and more frequently. An identification of mechanical properties of such bars is 

connected with a need of conducting laboratory tests not only of the composite but also of the reinforced 

concrete element, where a composite bar is used. 

This publication is oriented onto an analysis of possibilities of performing strength tests concerning 

both reinforcement bars made of steel and composite as well as complete reinforced concrete elements 

with such bars.  

2.  Materials and Methods 

2.1.  Procedure of strength testing of steel reinforcement bars realized at the ITG KOMAG 

Tests of steel for reinforcing concrete are conducted on the basis of the agreement with Regional 

Building Supervision Inspectorates. According to [1] and [3] the procedure of tests includes: 

− the information about the producer of the building product under testing,  

− the identification data of the element under testing,  

a) the designation of the series or production lot,  

b) the size of production lot, from which a sample is taken,  

c) the data concerning date of sampling and manner of its packaging. 

The data, mentioned above, in a form of the minutes, are forwarded to the Laboratory together with 

the samples, which are to be subject to tests, in a form of reinforcement bars of the length 0.5 m, taken 

at the construction site.  

In the Laboratory, after having conducted a visual inspection and having confirmed that their number 

and condition enable to conduct the ordered tests, the tensile test of all the delivered samples is 

conducted to determine the following parameters:  

− sample strength in the yield point – Re, 

− sample tensile strength – Rm, 

− ratio of stresses: 

𝑘 =
𝑅𝑚

𝑅𝑒
 (1) 

– total elongation at the maximum force – Agt. 

An exemplary set of measurement results of the parameters, mentioned above, is given in Table 1. 

Using the obtained measurement results, it is possible to check if the marked strength parameters of 

samples meet the declared useful properties determined in the minutes of sampling the construction 

product.  

In the case of samples whose test results are presented in Table 1, the declared properties of the 

construction product, subject to the tests of a given scope, are:  

− sample strength in the yield point – 500 MPa ≤ Re ≤ 625 MPa 

− ratio of stresses – 1.15 ≤ k ≤ 1.35 

− total elongation at the maximum force – Agt  8 %. 
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In the case under consideration, it was stated that the tested samples met the declared properties of  

a construction product. 

Table 1. Exemplary tests results of bar samples made of ribbed steel for reinforcing concrete [4] 

No. 

of 

sample 

Yield point Tensile strength Ratio of stresses 
Total elongation  

at maximum force 

Re [MPa] Rm [MPa] Rm/Re Agt [%] 

1 570  2.9 675  3.4 1.18 10.0  0.1 

2 578  2.9 674  3.4 1.17 10.4  0.1 

3 573  2.9 673  3.4 1.17 10.3  0.1 

4 575  2.9 677  3.4 1.18 10.2  0.1 

5 583  2.9 675  3.4 1.16 10.6  0.1 

6 580  2.9 675  3.4 1.16 10.1  0.1 

7 573  2.9 679  3.4 1.19 10.6  0.1 

8 581  2.9 675  3.4 1.16 10.9  0.1 

9 581  2.9 675  3.4 1.16 10.7  0.1 

10 585  2.9 677  3.4 1.16 10.5  0.1 

 

Since 2020 in total 41 sets of samples of steel reinforcement bars have been subject to tests. It should 

be highlighted that no samples, characterized by the strength properties differing from the values 

declared by the producer in the minutes of forwarding samples for tests, have been identified. 

The samples for tests have usually been taken from the steel lot for reinforcing concrete which has just 

been delivered to the construction site. In the conclusion it can be stated that positive results of 

performed tests confirm reliable work of producers of reinforcement bars.  

2.2.  Tests of steel reinforcement bars in the light of standards and research projects 

The scope of tests of reinforcement bars, recommended by the Regional Building Supervision 

Inspectorates, does not encompass all the tests included in the standards [5] and [6], for example the 

tests of the bar adhesion to concrete. In appendices of the standard [5] two methods of testing an adhesion 

of bars – the beam method and the pullout method are described in detail. The described methods differ 

from each other significantly which causes that the results, obtained with their use, serve mainly for  

a qualitative comparison of adhesion of bars having a similar diameter but different shape of the surface 

[7]. 

A diagram of a rig for testing an adhesion with use of the beam method for testing bars of the diameter 

smaller than 16 mm (according to [5] – beam of A) type is presented in Fig 1. 

The reinforcement bar under testing is fixed centrally in the bottom part of two concrete blocks 6, 

situated on supports 3 and connected with a steel articulated joint 4 in the top part. The articulated joint 

enables bending of the beam without transmitting an additional load to blocks 6. The reinforcement bar 

adheres to the concrete only on two sections of the total length of 20·d (where: d – bar diameter). 

The system of blocks under testing is subject to bending until a total loss of adhesion or a bar break 

occurs. A general view of the test rig is presented in Fig. 2. A way of fixing the displacement recorder 

of the bar end is shown in Fig. 3. 
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Fig. 1. Rig for testing an adhesion of a reinforcement bar with use of the beam method [7] 

1 – measurement system, 2 – plastic sleeve, 3 – support,  

4 – steel articulated joint, 5 – reinforcement bar under testing, 6 – concrete block 

Fa – force loading the beam, d – bar diameter, L– sleeve length 

 

  

Fig. 2. View of a test rig [8] 

 

Fig. 3. Fixation of the displacement recorder of the 

bar end [8] 

 

During the test the graph: force – slip (of the bar) is recorded and an average stress of the adhesion 

at slip– b [5] is determined:  

𝜏𝑏 =
𝜎𝑠

40
 (2) 

where: 

s – stress in the bar determined from the relationship:  

𝜎𝑠 =
1.25 ∙ 𝐹𝑎

𝐴𝑛
    for 𝑑 < 16 mm (3) 

𝜎𝑠 =
1.50 ∙ 𝐹𝑎

𝐴𝑛
    for 𝑑 ≥ 16 mm (4) 

Fa – force loading the beam (see Fig. 1) for a given value of slip, 

An – rated area of the bar cross-section. 
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Using the graph: force – slip and values of adhesion stresses at slip, an assessment of the bar adhesion 

is conducted. A preparation of the rig for a test is extremely time – consuming, and according to [5] the 

test should be performed for 25 samples of the bar. 

The method of testing an adhesion of a reinforcement bar to concrete with use of pullout method is 

presented schematically in Fig. 4. The bar under testing is placed inside a concrete cube 1, touching the 

concrete only at the top section of the length equal to „5·d”. The cube 1 is situated on a steel support 6 

with a hole, where a longer, bottom section of the bar is put through.  

The test consists in loading the bar bottom end with tensile force, generated by the MTS machine 4, 

until the sample is damaged or the bar is broken. The force, tensioning the bar – Fa and a displacement 

of the bar top end – a are recorded. An adhesion of the bar to concrete is assessed based on the graph 

Fa = f(a) [5]. 

 

 

Fig. 4. Diagram of test of reinforcement adhesion using the pullout method [7]  

1 – concrete cube, 2 – bar under testing, 3 – plastic sleeve, 4 – grip of the MTS machine,  

5 – free length of bar, 6 – support with hole 

 

The attempts of pulling out a reinforcement bar from a concrete block, described in the literature, 

differ as regards the method of preparing a sample and the conditions at the contact: concrete-steel platen 

[9]. A diagram of the test rig is shown in Fig. 5.  

A soft rubber washer and a layer of plastic, decreasing friction, are placed between the block and the 

plate to minimize a disadvantageous impact between the concrete block and the rig as well as the 

differences in the state of stresses in the concrete and the steel platen [10]. A slip of the bar is measured 

directly with use of two displacement transducers (LVDT). Due to a modified setup of the rig  

a significant reduction of random fluctuations of measurement results is obtained. 
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Fig. 5. Schematic diagram of pullout test setup [9] 

 

Apart from adhesion tests of the reinforcement bar to the concrete, the mechanical properties of steel 

in relations to reinforcement and prestressing of concrete, according to [5] and [6], are also determined 

in the following tests: fatigue test, bend test, rebend test and fatigue test at axial loading. A diagram of 

the device used for a realization of transverse bend and rebend tests are shown in Fig. 6 and a course of 

the rebend test is shown in Fig. 7. 

 

  

Fig. 6. Operational principle of the device  

for the bar bending and rebending [6] 

1 – mandrel, 2 – support, 3 – carrier 

Fig. 7. Course of the bar rebend [6] 

1 – mandrel, 2 – test piece,  

a – initial position, b – position after bend test,  

c – position after rebend test 
 

The test piece is bend around the mandrel 1. Conditions of conducting the test (environmental 

temperature, angle of the test piece bending and the mandrel diameter) and the procedure of interpreting 

the results are determined in the product standards. If, as it is in the case of the reinforcement bars, 

detailed requirements related to the test results are not determined, then lack of cracks detected by  
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a person having normal or corrected eye sight, are regarded to be a proof that the bar test piece passed 

the bend test.  

The procedure of rebending the bar consists of three stages: bending at the  angle, artificial ageing 

and rebending at the  angle. If the product standards do not determine the parameters, artificial ageing 

process of the test pieces, the following parameters are applied: heating to the temperature of 100C, 

keeping the test piece in this temperature during 1 h+15 min, and then its cooling in motionless air to the 

environmental temperature. It is confirmed that the test piece passed the rebend test, if a person having 

normal or corrected eye sight does not notice any cracks on the test piece surface.  

Fatigue test at an axial load consists in subjecting the test piece to a sinusoidal wave-form, varying 

cyclically. The test sample stays in the elastic state. Values Fup – maximum force, Fr – scope of the force 

variability and f – frequency of variables are determined in the product standards. The test is carried out 

till the test piece gets cracked or till the number of cycles without the test piece cracking, specified in 

the product standard, is achieved. 

Innovative brands of construction materials are used more and more frequently both in the machine 

industry as well as in the building industry [11]. However, an implementation of new reinforcement 

steel grades, causes a necessity of additional tests of complete reinforced concrete elements. For 

example, testing a ductility impact of newly produced reinforcing steel on the wall of reinforced concrete 

elements is presented in [2]. The subject of tests includes reinforced concrete beams of a rectangular 

cross-section, whose reinforcement, both reinforcement bars as well as clevises are made of two grades 

of steel:  

− newly produced steel S1 of high ductability – Agt  8%, whose mechanical properties are obtained in 

the process of hot-rolling, 

− steel S2, cold-rolled, whose strength properties are obtained through cold work. 

Both steel grades are characterized by the strength in the yield point of Re=500 MPa. A diagram of 

loading test beams is shown in Fig. 8. 

 

Fig. 8. Diagram of loading the test beam [2] 
 

The tests were conducted until the beam damage. The following parameters were recorded: load 

value – F, beam deflection and a location of cracks crevices. A loss of the beam load-carrying capacity, 

due to shear, was connected with scratching the compressed zone of the beam cross-section as well as 

with bending out of clevises and in one case with a rapid break of both crevice arms. The test results 

confirmed a need of elaborating principles of applying crevices of the S1 steel in beams which can be 

damaged by shear [2]. 

The test methodology of adhesion forces of reinforcement bars to concrete in the case of test pieces, 

coming from the constructions withdrawn from use, are discussed in the work [12]. The tests were 

oriented onto an impact assessment of corrosion on the bar strength and onto a collection of data 

enabling an improvement of the method for assessing wear of reinforced concrete constructions. 

2.3.  Tests of composite reinforcement bars 

Limited possibilities of using steel in disadvantageous environmental conditions forced a search of 

alternative solutions for concrete constructions. Among others, a high resistance to corrosion and 

changeable environmental conditions caused that non-metallic reinforcement mainly composite bars 
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GFRP (Glass Fiber Reinforced Polymer), BRFP (Basalt Fiber Reinforced Polymer) or CFRP (Carbon 

Fiber Reinforced Polymer) became an alternative for reinforcement steel [13]. Undoubtful advantages 

of GFRP bars are: resistance to corrosion, lack of heat, electric and magnetic conduction, a small 

coefficient of thermal expansion along fibres, an early cuttability and a small density. In comparison 

with reinforcement bars disadvantages of GFRP bars include: lack of elastic reserve, small strength to 

shear, Young’s modulus - 20÷30% of the Young’s modulus of steel. A view of surfaces of exemplary 

GFRP and BFRP bars are presented in Fig. 9. 

 

 

Fig. 9. View of surfaces of composite bars [8] 

a) GFRP bar, b) BFRP bar 

Testing of FRP bars is more difficult than testing of steel bars. Due to a small resistance of a 

composite to transverse forces, it is not possible to fix the composite directly in the MTS machine jaws 

but it is indispensable to install special anchors. A diagram of the FRP bar test piece, prepared for tests 

is shown in Fig. 10. 

 

Fig. 10. Diagram of a sample prepared for testing [14] 

1 – anchor, 2 – FRP, 3 – extensionmeter 

Values of characteristic geometric dimensions of the sample, marked in Fig. 10, depend on the 

applied standard requirements [13]. 

Although for more than two decades FRP bars have been available on the market in the USA and 

Canada, so far there have been no verified methods of quality control of their production (QC) [15]. 

Generally speaking, the tests of FRP bars are related to well-known methods of testing steel bars. Up 

till the present time, a standard concerning the FRP bars has not been elaborated. However, they can be 

approved for an application, using technical approvals edited by the Building Research Institute (Instytut 

Techniki Budowlanej) [16] and the Road and Bridge Research Institute (Instytut Badania Dróg  

i Mostów) [17, 18]. In scientific investigations, conducted both in Poland [7, 8, 14], as well as abroad 

[19, 20], the recommendations of the ISO standards 10406 [21] and ACI 440.3R [22], embracing all the 
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basic experimental tests, are mainly applied. For example, diagrams of test methods of GFRP bars, 

included in the American Standard [22] are presented in Fig. 11. 

 

Fig. 11. Various test methods [19] 

(a) – transverse shear, (b) – pullout, (c) – bond strength 
 

It should be highlighted that mechanical properties, determined during the test, do not refer to a given 

type of FRP, but to the bar of the nominal diameter under testing. Mechanical properties of the bar 

depend not only on a content of fibres in the bar resin matrix but also on the method of finishing its 

surface (single-stranded, cross-stranded plait, mineral powder etc.)  

As the results always refer only to the type of bar of a determined diameter subject to testing, so it is 

indispensable to obtain information from the producer about the strength properties of the applied FRP 

bar [13] at the stage of designing beam elements reinforced with FRP bars.  

3.  Results 

Discussed test examples of reinforcing elements of reinforced concrete beams have been analyzed in 

the aspect of expanding the scope of tests realized at the KOMAG Laboratory of Tests.  

At present in the case of standard tests of steel reinforcement bars, mentioned in [5] and [6], there is  

a possibility to conduct tests for tension, bending and rebending of a bar. In this scope the Laboratory 

possesses indispensable testing infrastructure and a realization of tests according to an external client’s 

order is possible without any need for undertaking additional preparatory activities.  

There is also a possibility of conducting tests of strength properties of complete reinforced concrete 

beams. The rig for testing kinematics of powered roof support units can be used for applying external 

load of the value up to 10 MN, to the beam of the length up to 7.5 m subject to tests. The mentioned test 

rig has already been used for testing building elements [23].  

A commencement of adhesion tests of reinforcement bars to concrete requires separate preparations. 

It mainly concerns a preparation of anchors for the FRP test piece ends. 

Although the tests of composite reinforcement bars [19] are conducted similarly to the tests of steel 

bars, but a specificity of these tests and lack of the Polish standard concerning the tests of FRP bars 

cause a necessity of elaborating specific testing procedures by the Laboratory. 

4.  Conclusions 

An extension of the scope of services, offered by the Laboratory, including tests for other branches 

of economy, is usually connected with a need of undertaking a series of activities, both of formal-and-

legal character as well as of technical character. In the case of testing bars for reinforcing and 
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prestressing concrete structures, discussed in this publication, special additional technical activities are 

connected with conducting adhesion tests of a reinforcement bar to concrete and with a preparation of 

test pieces of composite reinforcement bars for tests.  

It would be also recommended to start research work oriented onto an elaboration of the Polish 

standard concerning tests of mechanical properties of composite reinforcement bars.  
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Abstract: 

This study aimed to reveal the petrography and physical-mechanical 

properties of limestones, which have an important reserve and are used 

as marble, in Tut district of Adıyaman province, which is one of the 

important cities of southeast Anatolia. As a result of petrographic 

analysis of the rock known commercially as Emprador, it was 

determined that it is bioclastic limestone with abundant nummulite 

fossils. Density, dry and saturated unit weight, water absorption, 

surface roughness, abrasion resistance and uniaxial compressive 

strength tests were applied to determine the physical and mechanical 

properties of the limestones. According to the test results obtained, the 

density of the limestones, dry unit weight, saturated unit weight, water 

absorption by weight, water absorption by volume, average surface 

roughness, ten points roughness average, maximum roughness value, 

Böhme abrasion resistance and uniaxial compressive strength values 

were determined as 2.486 gr/cm3, 2.478 gr/cm3, 2.52 gr/cm3, 1.482%, 

3.644%, 3.31 µm, 16.24 µm, 20.03 µm, 8.958 cm3/50cm2 and 

1004.03 kgf/cm2 respectively. The results show that the limestones in 

and around Tut (Adıyaman) county can be used in large areas for 

decorative purposes, with their physical and mechanical properties, as 

well as their colour tone and the texture formed as a result of the calcite 

veins being shaped like a natural pattern.  

Keywords: natural stone, marble, limestone, physico-mechanical tests 
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1.  Introduction 

Located in the Alpine-Himalayan mountain belt, Turkey hosts many natural stone resources of 

different origins, in different colours and textures. In Turkey, which has proven its continuity in the 

natural stone industry and has more than 250 different resources released to the market, the reserves 

are spread over a wide region. Considering the distribution of known resources by regions, 32% of 

them are located in the Aegean region, 26% in the Marmara region, 11% in the Central Anatolia 

region and the remaining part in the Mediterranean, Black Sea and Eastern Anatolia regions (Çelik et 

al. 2021). 

The oldest products used by human beings as building materials throughout history are known as 

natural stones. Marble, on the other hand, is a building product that has emerged as a result of the use 

of natural stones in the construction sector, especially in different areas, and has an important place in 

this field throughout the world. Today, the term marble is used in two different senses. Scientifically, 

it is defined as a metamorphic rock formed as a result of metamorphism of rocks with calcium 

carbonate composition; In commercial terms, it is used for natural stones that can give blocks, can be 

cut and processed and hold a good polish. Marbles, which provide a wide area of use in the field of 

construction, are required to have some physical and mechanical properties according to the area of 

their use. Today, marbles are widely used in kitchen work surfaces, stair steps, flooring, wall 

coverings and decorative purposes. As a result of the developing technology and methods, the marble 

sector has taken place of an industry branch that is growing day by day all over the world. 

There are many studies in the literature on a determination of physical and mechanical properties of 

marbles, their extraction methods and positive and negative properties, as well as usability as raw 

materials. In this context, some researchers have carried out studies to determine the physical and 

mechanical properties of rocks of different origins and their usability as marble according to standards 

or to determine the properties of rocks currently used as marble [Erguvanlı et al. 1972; Onargan et al. 

1995; Yavuz et al 2002; Çavumirza et al. 2003; Kılıç et al. 2003; Sümer et al. 2003; Tutuş and Kılıc 

2007; Mutluhan and Özsan 2010; Kuşçu and Demiray 2015; Kılıç et al. 2018; Şimşek and Bilir 2022]. 

Some researchers have studied the usability of marble as a raw material in building materials such as 

artificial marble, concrete and gas concrete, and the usability of waste marble dust in similar building 

materials [Konak et al. 1999; Gülan et al.2016; Günaydın et al. 2016; Şimşek and Demir 2021]. Some 

researchers conducted studies on the performance analysis of marble cutting methods in quarries 

[Eleren and Ersoy 2007; Tolouei 2017; Çalışkan and Yavuz 2019; Dilmaç and Görgülü 2019].  

Emprador type marbles (limestones) obtained from the marble quarry belonging to the Safvan 

Marble Enterprise located around the Tut district of Adıyaman province, used within the scope of the 

research, are included in the formation, which was first defined as the Hoya formation by Sungurlu 

(1974). The Hoya formation consists of limestone and dolomitic limestone units and is defined as 

gray-off-white coloured, abundant fossiliferous (abundant algae), angular fractures, clay-filled, 

medium-thick bedded karst formations. The Hoya Formation is Eocene aged and outcrops in an area 

of approximately 25 km in length and 7 km in the north of Adıyaman province (Yıldırım, 2013). In 

this study, it was aimed to investigate the mineralogical, physical and mechanical properties of 

limestones that can be used as marble in Tut district of Adıyaman province.. 

2. Materials and Methods 

The marble samples, used within the scope of the study, were obtained from the Safvan Marble 

quarry in the Tut district of Adıyaman (Fig. 1a). The petrographic analysis, density, water absorption 

value, surface abrasion value, surface roughness and compressive strength values were investigated by 

sizing the samples in accordance with the test standards. In order to determine the petrographic 

analysis density, water absorption value, surface abrasion value, surface roughness and compressive 

strength values of the samples, they were cut in accordance with the standards (Fig. 1b). 
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Fig. 1 a) View of the study area, b) Samples sized for analysis 

For petrography studies of the samples (limestone), thin sections were prepared in the thin section 

laboratory of the Mersin University, Faculty of Engineering, Department of Geological Engineering 

and analyzed under polarized microscope. 

The density of the samples was determined by calculating the volume of the samples obtained from 

the field and not subjected to any treatment by water overflow method. In order to determine the dry 

and saturated unit weight and water absorption values, the dry weights of the samples were calculated 

by keeping them in an oven at 105°C until the maximum dryness was reached. Then, the same 

samples were kept in a container filled with water until they were completely saturated, and their 

saturation weights were calculated. As a result of substituting the obtained data in the relevant 

formulas, unit volume weight and water absorption values were determined (Fig. 2). 

 

 

Fig. 2. Water absorption and dry-saturated unit weight measurement:  

a) water tank, b) weight measurement 

Marsurf M 300 diamond needle scanning surface roughness measuring device was used to 

determine the surface roughness of the marbles (Fig. 3). These measurements were applied taking into 

account the issues specified in the relevant standard. At least 5 different readings were made on each 

test sample and the average value was given. This measurement was related to the indentations and 
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protrusions on the sample surface as a result of the up and down movement of the 5 μm diameter 

diamond needle tip on the sample surface. 

 

 

Fig. 3. Determination of surface roughness 

 

In order to determine the compressive strength of the marbles, the samples cut to size in accordance 

with the marble standard were subjected to uniaxial compressive strength (Fig. 4). In order to 

determine the strength, measurements were made on 5 different samples and the average value was 

given. 

 

 

Fig. 4. Determination of compressive strength: a) test application b) broken sample 

Böhme abrasion test was used to determine the wear value on the surfaces of the marble samples 

(Fig. 5). For this test, the edge lengths of the samples were cut to 71±1.5 mm and applied to the 

surface of each sample with 4 cycles and 88 cycles. The test was performed at least 3 times for each 

sample and the average of these values was given as volumetric loss. 
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Fig. 5. Determination of Böhme abrasion resistance:  

a) Böhme abrasion test instrument b) test samples 

3. Results and discussion 

Within the scope of the study, marble (limestone), known as Emprador in the marble sector, has 

been mined industrially in the region in recent years, making a great contribution to the regional 

economy. The produced marbles have various commercial names (Dark-Emprador, Adıyaman 

Emprador etc.). In the petrography study, carried out on limestones (Emprador marble) taken within 

the study area, according to the limestone classification made with the Folk (1965) classification; It 

was defined as bioclastic limestone and fossils and shell fragments of nummulites were observed in it 

(Fig. 6 b). It is known that the nummulites represent Eocene age, and the limestones sampled from the 

study area were found to be of Eocene age. 

 

 

Fig. 6. Thin section images of Adıyaman (Emprador) limestone (Crossed Polorized Light):  

a) Bioclastic limestone with nummulite fossils and various shell fragments,  

b) Nummulite fossil thin section view 

Density, dry-saturated unit weight, water absorption, uniaxial compressive strength, surface 

roughness and Böhme abrasion resistance tests were repeated at least 5 times for each test in order to 

determine the physical and mechanical properties of marbles within the scope of the tests presented as 

the mean of the data. 
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Table 1. Analysis Results of Marbles 

Uygulanan Analiz Ortalama Değer 

Density (gr/cm3) 2.486 

Dry Unit Volume Weight (gr/cm3) 2.478 

Saturated Unit Volume Weight (gr/cm3) 2.52 

Water absorption by weight (%) 1.482 

Water absorption by volume(%) 3.644 

Böhme Abrasion Resistance (cm3/50cm2) 8.958 

Uniaxial Compressive Strength (kgf/cm2) 1004.03 

Average Surface Roughness (μm) 3.31 

Ten Points Surface Roughness (μm) 16.24 

Biggest Roughness Value (μm) 20.03 

 

The density of the marbles used in the study was determined as 2.486 gr/cm3. According to TS 

1910, the density of natural stone used as paving stone in buildings should be at least 2.55 gr/cm3 

(TSE 1977a). The dry and saturated unit weights of the marbles were calculated as 2.478 and 

2.52 gr/cm3, respectively. 

The lower the water absorption value of the natural stone to be used in exterior cladding, the more 

ideal it is. The water absorption values of the rocks used in the study were determined as 1.482% and 

3.644% by weight and volume, respectively. According to TS 1910, the water absorption value of 

natural stone should be at most 0.75% under atmospheric factors. According to TS 2513, the weight 

water absorption rate of natural building blocks should not be greater than 1.8% (TSE 1977b). 

According to TS 10449, the water absorption of marbles at atmospheric pressure should be less than 

0.4% (TSE 2004). According to the results obtained, it is seen that Adıyaman limestones are suitable 

for use according to TS 2513.  

According to TS 10449, the compressive strength of the marbles should be greater than 50 MPa for 

the marbles to be used in flooring, stair steps and flooring, and more than 30 MPa for the marbles to be 

used for wall covering. According to the results obtained, this value was determined as 

1004.03 kgf/cm (98.462 MPa) in Adıyaman limestones. Therefore, the test samples are suitable to be 

used according to the relevant standards. When the Böhme abrasion resistance was examined, the 

abrasion of the limestone sample was found to be 8.958 (cm3/50cm2). According to TS 10499, this 

value is required to be less than 25 for natural stone used as paving stone and less than 15 for natural 

stone to be used in flooring. It is seen that the limestones used in the study meet both standard values. 

4. Conclusions  

As conclusions, 

− Emprador marble (limestone) taken from the quarry of the Safvan Marble Enterprise in the Tut 

district of Adıyaman within the study area was determined to be bioclastic limestone 

containing abundant nummulite fossils as a result of the petrographic study. 

− As a result, considering the tests performed on the limestones used in the study and the values 

required in the relevant standards, the density and unit volume weight values cannot meet the 

desired values in the relevant standards; uniaxial compressive strength, water absorption and 

Böhme abrasion resistance values were found to be above the required values.  

− When all these tests are evaluated in general, it can be concluded that the examined limestones 

meet the building stone standards and are suitable for use. 
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Abstract: 

Methane that is released into the mine atmosphere poses a threat to the 

miners working there. Methane at concentrations of 5-15% by volume 

in air is an explosive gas. It has caused devastating explosions in mines 

all over the world. Therefore, in methane mines, concentration of 

methane in the face and in the entire mine is controlled through well-

designed ventilation system. This system controls concentration of 

methane in the mine atmosphere and in the rock mass as well as in the 

mine goafs. The article’s main objective includes a presentation of 

a forecast for maximal methane concentration in the determined time 

interval.  Sensors were installed in the gate draining the air from 

longwall: up to 10 m in front of the longwall and at the roadway exit. 

Both forecasts were made using prognostic equations, using the 

measurement data in the ventilation roadway of one of the longwalls at 

the JSW S.A. mine. 

Keywords: methane, maximum methane concentration, methane 

concentration forecasts, methane concentration sensors 
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1.  Introduction 

Coal Mine Methane (CMM) is a gas released from coal seams and the surrounding rock layers.  

Methane released into the atmosphere is a significant greenhouse gas contributing to climate 

change worldwide. Currently in the US it is assumed that the global warming potential (GWP) of 

methane is 25 times greater than that of carbon dioxide for 100 years [1]. However, the literature 

shows GWP values of 21, 23, 25 and even 28. The US Environmental Protection Agency (USEPA) 

estimates that methane from coal mines is responsible for 8% of global methane emissions caused by 

human activity [2]. 

Experience from the last 20 years shows that the most common methane GWP value is 72. 

The lifespan of methane in the atmosphere is estimated at about 7 years. 

Methane released into the mine atmosphere poses a threat to the miners working in the mines. 

Methane at concentration 5-15% in air is explosive. In the long history of coal mining industry, 

methane has been the cause of devastating explosions in many mines around the world.  

A one-day forecasts of the maximum concentration of methane in the sensors located in near-

longwall roadway, which removes used air from the longwall: up to 10 m ahead of the longwall and at 

the roadway exit is presented. 

2. Literature review 

Methane explosion hazard is one of the most common threats in the Polish coal mining industry [3, 

4]. The report prepared by the Mining Department of the State Mining Authority [5] for 2020, which 

presents data on methane and outburst hazards in Polish underground mining industry, shows that in 

2020, 77.1% of coal production in Poland came from methane deposits. So far, the highest percentage 

of coal extracted from methane seams was in 2017 - 79.5%. 

Methane in Polish coal deposits occurs in three forms [6, 7]:  

− as free methane (in fractures, macropores and mesopores), 

− coal bound methane (physical and chemical sorption), 

− methane dissolved in water.  

During the coal seam mining, methane flows into the mine atmosphere from the mined coal seam 

and from the roof and floor rocks. The carriers of methane in the floor and roof rocks are coal seams 

and layers that are not suitable for mining as well as porous waste rocks, mainly sandstones. In waste 

rocks, methane occurs almost entirely as free gas, not adsorbed. Mining exploitation causes the 

outflow of methane into the mine atmosphere from the mined seam and from the rocks surrounding it.  

The method of ventilation of the longwall area has a significant impact on methane hazard and 

the distribution of methane concentration in workings [8, 9, 10, 11]. This publication concerns 

a ventilated longwall in the U system, i.e. the ventilation air stream flows from the ramp along 

the head entry towards the longwall, then ventilates the longwall and then, through the ventilation 

roadway, flows to the ramp. The direction of air flow in the head entry and tailgate are opposite. It is 

a typical method of ventilating the areas of non-methane and methane longwalls with low and medium 

methane content. The ventilation methane capacity, i.e. the stream of methane in the air stream in the 

longwall area, cannot exceed 20 m3CH4/min [12]. If technical measures do not allow to obtain 

ventilation methane capacity not exceeding the above-mentioned level, it is necessary to use 

ventilation systems other than U, e.g. Y or W [13, 14]. 

In order to protect the personnel working in longwalls against the threats resulting from 

the presence of methane in the seam and surrounding rocks, a methane concentration should be 

forecast prior to the of exploitation of the seam in a given longwall. The forecast prepared at 

the Central Mining Institute in Katowice [15] is the most widely used in Poland, but other forecasts are 

also used. Many methods of methane concentration have been developed in the world. They are 
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adapted to the natural conditions of a specific coal basin. Examples can be found in the literature, e.g. 

[16-19]. 

In the Polish coal mining industry, the last thirty years have brought very significant changes in 

the equipment with telemetric systems for measuring physical and chemical parameters of the mine 

atmosphere [20, 21]. One of the functions of these systems in methane mines is the measurement of 

methane concentration in places specified by mining regulations. The system has a measuring, 

recording and archiving function, informing, warning and switching off the electric current. Due to 

the deeper understanding of the phenomenon of methane emission to workings, the function of 

recording and archiving measurement data in automatic measurement systems plays an essential role. 

These data can be derived outside the telemetry system and processed at any time, which allows for 

their comprehensive analysis and inference in order to better understand the methane emission 

phenomenon and use it to improve work safety in mining [22-24]. In highly methane longwalls, more 

sensors are used than required by law. Additional sensors are placed in the locations where increased 

methane concentrations may occur.  

The article [24] describes a set of model parameters for one-day forecasts of the mean and 

maximum methane concentration at the outlet of the workings that discharge used air from 

the longwall. The research work conducted on applying these models to forecast the average methane 

concentration at the outlets from the longwall ventilation workings confirmed their accuracy [25, 26]. 

This article presents an attempt to use these models to forecast the maximum concentration of methane 

in a roadway discharging used air from the longwall, at the location of the methane concentration 

sensor at a distance of up to 10 m from the face of the longwall and at the exit of the ventilation 

roadway (10-15 m before the crossing with another workings with air supply). The air stream in these 

places is almost the same, however, the degree of homogeneity of the air-methane mixture at the exit 

of the roadway and at a distance of up to 10 m in front of the longwall is different. It is caused by 

turbulent air flow in the workings and the phenomenon of diffusion. 

An important issue is demethanization, i.e. capturing methane directly from the rock mass and 

discharging it to the surface via a pipeline system. The negative pressure in this system is often caused 

by suction devices located on the surface. A large part of such methane is processed economically, e.g. 

to power electricity generators or to generate heat. 

Proper management of methane from hard coal deposits will contribute to its economic use, and at 

the same time will reduce the greenhouse effect associated with the release of methane into 

the atmosphere [27, 28]. 

3. Materials and Methods 

Data on methane concentration are archival data and come from automatic measurements of 

methane concentration in one of the longwalls of Jastrzębska Spółka Węglowa S.A. 

Using the software of the methane concentration measuring system, the measurement data are 

converted into a text form and transfer out the measuring system in a tabular form (Table 1). 

 

Table 1. Sample measurement data of methane concentration in one of the longwalls of JSW S.A. 

|-----------------------------------------------------------------------------------| 

|  Start time                |   Measurement |  Duration   |          Statuses      | 

|-----------------------------------------------------------------------------------| 

| 12.04.2022 15:05:24|   1.2%CH4       |       0:00:01|                             | 

| 12.04.2022 15:05:05|   1.3%CH4       |       0:00:19|                             | 

| 12.04.2022 15:04:32|   1.4%CH4       |       0:00:33|                             | 

| 12.04.2022 15:04:20|   1.3%CH4       |       0:00:12|                             | 

| 12.04.2022 15:04:12|   1.2%CH4       |       0:00:08|                             | 

 

In the above entry, in the first column of Table 1 (Start Time), the date of measurement and 

the start time of the measurement of methane concentration are recorded, with the value given in 
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the second column, entitled Measurement. Measured concentration in the Measurement column is 

given with an accuracy of 0.1%, which corresponds to the measurement accuracy of the methane 

sensor. The next column, Duration, defines the time of occurrence of the methane concentration with 

the value given in the previous column with an accuracy of 1 second. In the Status column, there are 

notes regarding extraordinary states, e.g. checking the accuracy of measurements, exceeding the set 

concentration threshold, etc. 

On the basis of the data prepared in this way, using the PROGMET program developed at 

the Silesian University of Technology, the average, minimum and maximum values of methane 

concentration are calculated in a given day, with the day being counted from a given hour, not from 

00:00:00. In the data contained in the presented article, the calculation day is the period from 06:00:00 

on the current day to 06:00:00 on the following day. .  

With the output data prepared in such a way, the forecast values of methane concentration are 

calculated using the models presented in the paper [24]. 

4. Results – characteristics and interpretation of measurement data 

The measurement data covers 195 days, with 194 one-day forecasts, as one-day forecast uses 

the measurement values of the previous day. 

Fig. 1 shows maximum methane concentrations in a given day, calculated on the basis of 

the measurements of the sensor located in the ventilation roadway up to 10 m in front of the longwall 

and the sensor located 10-15 m before the exit from this roadway.  

 

 

Fig. 1. Maximum measured methane concentration in the places where the sensors are located  

in the ventilation roadway 

 

In Fig. 1 it can be seen that on most observation days the maximum concentration in the ventilation 

passage up to 10 m in front of the face of the wall is higher than at the exit of the ventilation roadway. 

Characteristic parameters of average methane concentrations found with sensors in the discussed 

places are presented in Table 2. 
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Table 2. Statistical parameters of the maximum concentrations of methane found in 

the ventilation pavement at a distance of 10 m in front of the wall and at the roadway exit, 

calculated for the entire observation period 

Parameter 
Up to10 m ahead of 

longwall 
At the roadway exit 

average, %CH4  0.95 0.81 

median, %CH4 1.00 0.90 

percentile 0,9, %CH4 1.30 1.10 

minimum, %CH4 0.20 0.20 

maximum, % CH4 2.00 1.40 

standard deviation, %CH4 0.34 0.28 

variation factor, % 35.61 34.10 

range of methane conc., %CH4 1.80 1.20 

sum of max. conc., %CH4 184.10 157.60 
 

Values of eight parameters of methane concentration calculated for the readings of the methane 

concentration sensor located up to 10 m in front of the longwall face are higher than at the exit of 

the ventilation roadway. And so the mean value is higher by 0.14%, the median by 0.10%, the 0.9 

percentile by 0.20% CH4, the maximum value by 0.6%, the range of methane concentration is greater 

by 0.6%, the standard deviation is greater by 0.06%, and the coefficient of variation in the methane 

concentration is greater by 1.51% 

The standard deviation and the variation factor testify the high variability of the methane emission 

to mine workings related to coal seam mining. 

Only the minimum values of the maximum concentrations of methane in both considered places are 

equal and amount to 0.2%. 

The prognostic equations developed for the outlet from the ventilation roadway were used to 

predict the concentration of methane up to 10 m in front of the longwall. To assess whether these 

equations give satisfactory results, methane concentration at the exit of the roadway were also 

forecasted to compare the forecast results in both of places.  

Fig. 2 and 3 show the graphs of the maximum measured and forecasted methane concentrations in 

both of the above-mentioned places, and Tables 3 and 4 contain their statistical parameters.  

 

Fig. 2. Maximum measured and forecasted methane concentration in the tailgate at a distance of up to 

10 m from the longwall face 
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Table 3. Statistical parameters of the maximum measured and forecast methane concentrations 

in the roadway within 10 m from the longwall face 

Parameter 

Up to 10 m ahead 

of longwall - 

measurement 

Up to 10 m ahead 

of longwall - 

forecast 

Difference  

average, %CH4  0.95 0.95 0 

median, %CH4 1.00 0.96 -0.04 

percentile 0.9, %CH4 1.30 1.23 -0.07 

minimum, %CH4 0.20 0.33 0.13 

maximum, % CH4 2.00 1.83 -0.17 

standard deviation, %CH4 0.34 0.25 -0.09 

variation factor, % 35.61 26.22 -9.39 

range of methane conc., %CH4 1.80 1.50 -0.30 

sum of max. conc., %CH4 184.10 183.91 -0.19 

 

The average maximum methane concentration, calculated on the basis of measurements taken over 

194 days, is 0.95% CH4, also calculated from the forecasts is 0.95% CH4. However, this does not 

mean that all measured and forecast values are close to each other. The medians already differ, but 

the median calculated on the basis of the measurements is higher than the median calculated for 

the forecasts. The forecast has lower values of the following further statistical parameters: 0.9 

percentile, maximum, standard deviation and coefficient of variation, methane concentration range. 

Only the projected minimum value is higher than the measurement value, which of course limits 

the variations range of the forecast maximum methane concentration (the measurement range of 

methane concentration variations was 1.8% CH4, and the forecasted 1.5% CH4). The sum of 

the maximum methane concentrations calculated on the basis of the measurements is also higher than 

the sum of the forecast maximum concentrations, although the difference is surprisingly small. 

The reduced range of variability of the forecasted maximum concentrations is also evidenced by the 

much lower value of the variation factor of the forecast methane concentrations (26.22%) in relation to 

the variation factor of the measured values of the maximum methane concentration (35.61%). 

Nex the results of measurements and forecasts of the maximum concentration of methane at 

the exit of the ventilation roadway (10-15m ahead of the connection with another active roadway). 

 

 

Fig. 3. Maximum measured and forecasted methane concentration in the tailgate at the roadway exit  
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Table 4. Statistical parameters of the maximum measured and forecasted methane concentration  

at the exit of the ventilation roadway 

Parameter 
At the roadway exit 

- measurement 

At the roadway exit  

– forecast 
Difference 

average, %CH4  0.81 0.84 0.03 

median, %CH4 0.90 0.86 -0.04 

percentile 0.9, %CH4 1.10 1.14 0.04 

minimum, %CH4 0.20 0.33 0.13 

maximum, % CH4 1.40 1.40 0.00 

standard deviation, %CH4 0.28 0.21 -0.07 

variation factor, % 34.10 25.01 -9.09 

range of methane conc., %CH4 1.20 1.07 -0.13 

sum of max. conc., %CH4 157.60 163.32 5.72 
 

Mean value of the maximum concentration of methane, calculated on the basis of measurements 

taken over 194 days, is 0.81% CH4, while the calculated value based on prognostic equations is 0.84% 

CH4, i.e. it is higher by 0.03% CH4. The difference between the medians is -0.04% CH4, i.e. 

the median of measurement data is higher. The difference between the 0.9 percentiles is 0.04%, which 

is not much overestimated in relation to the measured one. The minimum forecast value of 

the maximum methane concentration is by 0.13% higher than the measured value, and the maximum 

values do not differ. The standard deviation of the forecasts is lower than the standard deviation of 

the measurements by -0.07% CH4, while the variation factor of the forecasts is lower than that 

calculated from measurements by -9.09%. 

The forecasts have a slightly narrower range of variation in relation to the measurements, and 

the difference is -0.13% CH4. 

Taking into account the entire observation period of the prognostic parameters, it can be concluded 

that they do not differ much, and the forecast is slightly overestimated. The sum of the values of 

the forecast methane concentrations is 5.72% CH4 higher than the sum of the measured values. 

Table 5 presents differences between the measurement parameters and the projected maximum 

methane concentration in the ventilation pavement at a distance of up to 10 m in front of the wall and 

at the pavement outlet, at a distance of 10-15 m from the intersection with another excavation. 

 

Table 5. Differences between the statistical parameters of the maximum methane concentration  

in the ventilation roadway up to 10 m ahead the longwall face of the and at a distance  

of 10-15 m from the intersection with another excavation 

Parameter 
Differences 10 m 

ahead the longwall 

Differences from  

the intersection 

average, %CH4  0 0.03 

median, %CH4 -0.04 -0.04 

percentile 0.9, %CH4 -0.07 0.04 

minimum, %CH4 0.13 0.13 

maximum, % CH4 -0.17 0.00 

standard deviation, %CH4 -0.09 -0.07 

variation factor, % -9.39 -9.09 

range of methane conc., %CH4 -0.30 -0.13 

Negative values mean that the statistical parameters of the maximum methane concentration 

forecasts are lower than their values for the measured data. 
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The comparison of the measurement parameters and the forecast maximum methane concentration 

shows that the differences in both considered places are small, and therefore the forecast equations 

developed for the exit from the roadway may be helpful in practice for the assessment of the methane 

hazard in close proximity (up to 10 m) to the longwall exit to the ventilation roadway. 

5. Conclusions 

Possibility of using the models for one-day maximum methane concentration forecast, developed 

for the ventilation roadway outlet to forecast the maximum concentration of methane in the given 

roadway at the location of the methane concentration sensor at a distance of up to 10 m from the face 

of the longwall was presented. The parameters of the forecast models were taken from paper [24]. 

Comparison of the statistical parameters concerning the forecasts of methane concentration in the 

above-mentioned places shows that the accuracy of the forecasts of the maximum methane 

concentrations in both places are similar, with a slightly greater error in the forecast of methane 

concentration in the roadway at a distance of up to 10 m ahead of the longwall. Further research work 

to analyze methane concentration forecasts at the longwall outlet using the forecast equations, 

presented in paper [24], enabled their practical use as well as development of new forecast functions 

regarding the maximum concentration of methane in the roadway, in the immediate vicinity of 

the outlet from the longwall. 
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Abstract: 

In the article, a practical example of using the Autodesk Inventor 

Professional iLogic tool for designing self-propelled drilling rigs has 

been presented. Self-propelled drilling rigs are advanced mining 

machines with a complex structure. At the design stage, most of 

the structural changes affect the stability, manoeuvrability and coverage 

area of the machine. Working on detailed machine models is time-

consuming and unnecessary in the initial phase of the project. 

Therefore, a parametric 3D model of a two-boom drilling rig has been 

developed. It enables a quick analysis of selected machine properties 

depending on a number of significant parameters. The most important 

dimensions, masses and centres of gravity of each subassembly are 

entered by transparent editing windows. Next, model tests are carried 

out taking into account the pass through a face end of a given width as 

well as the coverage area of a face with specific dimensions. At each 

stage of model tests, the location of the machine's centre of gravity 

against the stability triangle background is analysed.  In addition, 

the model allows entering the longitudinal and transverse angles of 

inclination of the working as well as determining the distance of the 

centre of gravity from the tipping edge. The model is a practical tool 

that makes it possible to easily determine the inner and outer turning 

radius as well as the working area of the machine while constantly 

controlling its stability. Due to the use of simplified geometry of 

subassemblies, the changes in parameters result in an instantaneous 

change of the model and allow a quick analysis of their impact. 

Keywords: self-propelled drilling rigs, machine stability, parametric 

modelling, iLogic, Autodesk Inventor Professional 
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1.  Introduction 

Self-propelled mining machines are the machines commonly used in many underground mines. 

These machines work in the mining of metal ores, precious stones or salt. Changing in working 

conditions and growing customer expectations force constant changes. For many years, there has been 

a demand for advanced control systems, including automation and diagnostics as well as remote 

operation. In recent years, the first battery-powered machines have also appeared. Advanced, closed 

and air-conditioned operator's cabins are increasingly used. Rapid changes and small-lot or almost 

one-off manufacture require quick and efficient designing process. Manufactured machines, often 

prototypes, are almost immediately intended for operation in the mine. Any design or assembly errors 

are unacceptable and entail financial implications. Advanced CAx programs, supporting the design 

work, satisfy the high demands of the current market. CAD (Computer Aided Design) and CAE 

(Computer Aided Engineering) are the essential programs used by the designers on daily basis. 

CAD programs, such as Catia, NX, Creo, Inventor, support design work, including parametric 

design. CAD programs often have CAE components allowing to analyse load or strength [1, 2]. CAx 

programs are powerful tools with great possibilities. Numerical methods of solving physical models 

concern various issues, not only the strength of materials and kinematic and dynamic simulations, but 

also the analysis of bulk materials, heat flow, fluid flow and magnetism. 

This article describes how to use the Autodesk Inventor Professional iLogic tool to design self-

propelled drilling rigs. The parameterized, automatic generator of self-propelled drilling rigs allows 

for quick creation and modification of the conceptual model. It enables the verification of 

the machine's mobility and a preliminary assessment of its stability. Face Master 2.8 ATEX drilling rig 

by Mine Master, was the object of the described research work. 

The use of advanced design methods is the subject of research work by various authors. There is an 

article about computer simulations and virtual reality applied in redesigning process of underground 

transportation routes [3]. The next ones are related to CAD systems in testing the collision of 

underground transportation means [4] and a train wagon in a narrow tunnel [5]. Another one is about 

using computer-aided design in Virtual Reality versus traditional 3D designing [6]. 

There are articles presenting the application of various IT tools used in the design of machines for 

ore mining [7-9]. The next ones concern the design of shearer loader’s cutter head with the use of 

iLogic [10-11]. In the following article, the authors presented the use of modelling to develop 

a concept of a unique machine for securing the roofs of roadways with roof support [12]. 

The theoretical model for assessing the stability of self-propelled drilling rigs with single and 

double booms is known from the literature [13]. The cited article presents all the formulas and 

discusses the spreadsheet that allows for the evaluation of the stability of the drilling rigs. Moreover, 

the results of empirical research work confirming the correct operation of the spreadsheet are 

presented. 

The article presents the use of CAD software, namely the iLogic tool of the Autodesk Inventor 

program, for the design of drilling rigs. The use of the iLogic tool allows for a quick assessment of 

working area and turning circle with simultaneous, continuous control of the position of the center of 

gravity. 

2. Materials and Methods 

2.1. Parametric 3D model of the drilling rig 

Self-propelled mining machines, such as wheel-tyre drilling rigs, are of an articulated structure 

which, due to the use of booms, working conditions and requirements for turning circle, is prone to 

loss of stability. Drilling rigs are designed for specific user requirements that depend on the target 

workplace. The development of parametric iLogic models in Autodesk Inventor Professional allows 

you to quickly modify the geometry of the machine and verify the movement capabilities, the working 

area, while controlling the location of the center of gravity of the machine. The use of such a tool 
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speeds up conceptual work and allows for a relatively short time to specify the dimensions of each 

component of the machine, thanks to which it meets the user's requirements and is stable at the same time. 

A parametric model was developed in the Autodesk Inventor Professional environment on the basis 

of the initial structure of the Face Master 2.8 ATEX twin-boom drilling rig by Mine Master. 

The machine combines parameterized subassemblies made with classical modelling and with the use 

of iPart parts (hydraulic cylinders). Everything is primarily controlled by the iLogic tool. In addition to 

the machine model, the selected components of the working creating the area simulating the face and 

the face-end were developed. The developed models were simplified as much as possible to enable 

quick change of parameters of the machine, without overloading the workstation. However, they still 

allow for a precise analysis of both the work area and the ability to pass face-end. The tool developed 

in this way allows to analyse the relationships among all machine parameters as well as the turning 

parameters and the position of the working parts on the work area and turning circle. During these 

analyses, the model enables continuous tracking of the location of the machine’s gravity centre, 

including taking into account the workings inclinations. The FM 2.8 ATEX machine is divided into 

a drivetrain, a platform and working parts consisting of a boom and a guide frame with actuators, 

turntables and connectors. The machine as a parametric 3D model is shown in Fig. 1. 

 
Fig. 1. View of the parametric model of FM 2.8 ATEX rig 

All these components were parameterized taking into account also the mass and the coordinates of 

the gravity center of these components. The following figures show the parameters adopted for 

the drivetrain (Fig. 2), platform (Fig. 3) and the working part (Fig. 4). The gravity centres are marked 

with red dots. 

 
Fig. 2. FM 2.8 ATEX drivetrain with parameters 
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Fig. 3. FM 2.8 ATEX platform with parameters 

 

 
Fig. 4. FM 2.8 ATEX working part with parameters (original language of the schemes and forms) 

The 3D model of subassemblies is fully parameterized and its geometry depends only on 

the provided dimensions. The rest of the geometry is related to the proper relationships. The masses, 

on the other hand, were modelled with spheres of constant density and diameters resulting from 

the mass of each component. Scripts convert the size of the spheres, so that the total weight and 

the position of gravity centre of the machine correspond to reality (Fig. 5).  

 
Fig. 5. Model 3D FM 2,8 ATEX with masses and the gravity centre 
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2.2. Parametric 3D model of the working  

Apart from the machine, the parameterized face (Fig. 6) and the face end with turning circle 

(Fig. 7) were modelled. In the case of a face, the machine is at a level marked as "floor under 

the machine" and from this position it can make the entire contour creating a new floor below the level 

marked as "floor made by the machine" 

 

Fig. 6. Face cross-section with the parameters  

In the case of a face end, two perpendicular roads with the width s_Sz were marked. Regardless of 

that, the inner radius s_Rw and the outer radius s_Rz are plotted. Taking into account the possibility of 

cutting the corner of the working by s_Sc, we obtain the withdrawal of the internal arc by the value 

marked as "gain", which results in the possibility of reducing the external turning circle.  

 

 

Fig. 7. Top view of a face end with marked turning radii and parameters 

The location of the centre of gravity of the machine is independent of the pit inclination. From 

the stability point of view, only the vertical projection of the centre of gravity on the ground can be 

considered. The coordinates of the projections depend on the zc coordinate of the centre of gravity and 

the longitudinal () and transverse () inclination. Knowing the coordinates of the centre of gravity 

and the inclination of the working, the following can be written: 

 
(1) 

 
(2) 
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In the 3D environment a graphical method based on the given relationships can be used. 

The graphical method allows to determine the impact of the inclination on the stability of the machine 

by analysing the distance of the centre of gravity from the tipping edge, without calculations. Fig. 8 

shows a machine with a prism of a triangle base defined by the tipping edges of the machine. 

 

Fig. 8. A prism defining the stability in a horizontal working – machine in a turning position 

Regardless of whether the working is inclined or not, the lower base of this prism is marked by the 

same three points delineating the triangle of the tipping edges (Fig. 9). On the other hand, its upper 

base runs at the height of the centre of gravity of the machine and is determined by three points shifted 

by the values described earlier, and resulting from the working inclination angles. So in an inclined 

working, the centre of gravity remains unchanged and the stability triangle moves. By analysing such 

a model in a plan view from above, you can easily determine the distances from the edge of the tipping 

in a horizontal and inclined working. 

 

Fig.  9. Modification of the prism in an inclined working  
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2.3. Modification of the model using the iLogic 

Using the parameters of the machine models required the creation of appropriate scripts and forms. 

Such possibilities are given by the iLogic tool. The scripts realize the simple commands and 

operations such as mass updating, arithmetic calculations, changing the machine geometry, controlling 

the turning of the machine and booms. Generally, the scripts allow determining the necessary 

relationships, calculate the indispensable quantities and superior control of the entire assembly. Forms 

are a tool that allows the user to enter each value. Four forms were created to operate the machine: 

"Chassis Geometry" and "Booms Kinematics" (Fig. 10), and "Global Settings" (Fig. 11) and 

"Stability" (Fig. 12). Geometry of the chassis allows setting the dimensions of the drivetrain and 

the platform, while the kinematics of the booms on two tabs determining the angles of rotation and 

extension of the left and right working component. The Global Settings form allows turning on or off 

the face and face end view, restore the machine geometry and kinematics to default values, turn on 

the left head copy position, straight line function, and including the tangency for inside turn radius 

analysis. In addition, the global settings form has two tabs that enable setting the turning parameters of 

the machine and the dimensions of the face and face end depending on the previous analysis. 

 

 

Fig. 10. The forms: chassis geometry and booms kinematics (original language of the forms) 
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The Stability form allows determination of the coordinates of the location of all centres of gravity 

and the mass of each component. In addition, it is possible to set the longitudinal and transverse 

inclination angles of the working. After selecting the boom extended or retracted option, the stability 

form needs to be updated with the "Update booms" button (“Update wysiegniki” in Polish shown in 

Fig. 12, on the left side. Any change in this form that affects the position of the centre of gravity must 

be updated with the "Update GC" button shown in Fig. 12 (the right form). After updating, the current 

coordinates of the machine's gravity centre can be read. The model is related to a 2D drawing with 

a top view, in which the distances of the centre of gravity from the tipping edges are constantly 

updated for the horizontal and inclined workings. 

 

 

Fig. 11. Form of global settings: face, face end (original language of the forms) 
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Fig. 12. Stability form (original language of the forms) 

2.4. Model tests of work area and a turning circle  

The developed parametric model allows generating the unlimited number of configurations of each 

parameter. For each configuration, the working area and turning circle can be verified. During 

the model tests of the FM 2.8 ATEX machine, a set of parameters developed during the preliminary 

tests was used, which are presented in Table 1 and in Fig. 13. 

Table 1. Maximum turning circles as well as telescope articulation  

and extension for FM 2.8 ATEX 

Machine kinematics 

Parameter Symbol Range 

Machine turning angle  
-40 ÷ +40 

-42 ÷ +42 

Booms articulation - vertical w -25 ÷ +45 

Booms articulation - horizontal w 

-35 ÷ +35 

-55 ÷ +55 - for 

w+ = max 

Extension of the telescope boom w 0 mm ÷ 1350 mm 
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Fig. 13. Key dimensions of FM 2.8 ATEX assumed in iLogic 

The machine model, according to the previously mentioned parameters, was simulated to verify 

the possibility of achieving the assumed working area and turning circle. This is one of 

the possibilities of using the parametric iLogic model, which is used at the end of the conceptual work. 

At the earlier stages, it is possible to search for the working area and turning circle for specific 

machine parameters or vice versa. Fig. 14 shows he selected views from the working area analysis, 

and Fig. 15 shows the turning circle analyses. 
 

  

Fig. 14. Selected views of one of the working area FM 2.8 ATEX analyses  
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Fig. 15. Selected views of one of the vehicle passing the face end FM 2.8 ATEX analyses  

Analysis of the work area confirmed the possibility of obtaining the work area assumed by the user, 

9150 mm wide and 7000 mm high, of which 5900 mm at the height from the floor (Fig. 16). Areas of 

this size are obtained by deflecting the booms to the extreme positions and by extending the booms by 

1350 mm. 
 

 

Fig. 16. Analysis of work area for FM 2.8 ATEX – full area – front view 

Initially developed chassis and working components covering the assumed work area were used for 

further analyses of passing the workings. For FM 2.8 ATEX, several dozen analyses of passing 

the perpendicular workings were performed. Various positions of the car and the working components 

were simulated to obtain the assumed and required by the future user the turning circle of 3400 mm 

inside and 7300 mm outside. A series of analyses were performed to obtain the outer radius of 7300 

mm. The assumed effect was achieved for the booms articulated by 10 and 5 and guide frames 

turned by 15 and 20 (Fig. 17). 

 

Fig. 17. Analysis FM 2.8 ATEX – booms articulated by 10 and 5, frames turned by 15 and 20 
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Assuming the possibility of cutting the working corner, its size can be selected so that the machine 

can pass the assumed excavation without manoeuvring the working parts. A corner rounding allowing 

the straight pass with the booms (Fig. 18) in a results in gaining 1400 mm. This is a borderline 

situation, i.e. for a 3400 mm cut, the machine can pass with the booms straight ahead. However, the 

cutting area is large and amounts to 2.47 m2. By a slight articulation of the booms, the required area of 

cutting can be significantly reduced. 

  

Fig. 18. FM 2.8 ATEX analysis – cutting the corner enable passing the machine with the booms 

straight ahead 

3. Results – machine stability control 

During the model tests, position of the machine's gravity centre against the background of tipping 

edges was verified. Each scenario, during the machine is turning or with the booms articulated was 

analysed. Sample results of the analysis of the distance of the gravity centre from the tipping edges 

during assessing the turning circle are shown in Fig. 19. 

 

Fig. 19. FM 2.8 ATEX – Rw 3423 mm, Rz 8 500, Sz 6 100 mm, analysis of turn 

Using the previously described graphical method, the impact of workings inclination on the 

stability, the distance of the gravity center from the modified tipping edges was determined. Sample 

analysis for a -15 longitudinal inclination and a 6 transverse inclination was shown in Fig. 20. The 

gravity center of the machine remains the same, but the tipping edges shift. The analysis was carried 

out simultaneously for two stability triangles, the red one defines the tipping edges for the horizontal 

working, and the green one for the inclined one. As a result, the figure shows the impact of specific 

workings inclinations on the change in stability of the machine. 

https://creativecommons.org/licenses/by-nc/4.0/


e-ISSN 2719-3306 Mining Machines, 2022, Vol. 40 Issue 3, pp. 158-172   

 

 

Publisher: KOMAG Institute of Mining Technology, Poland 
© 2022 Author(s). This is an open access article licensed under the Creative 
Commons BY-NC 4.0 (https://creativecommons.org/licenses/by-nc/4.0/) 

170 

 

 

Fig. 20. A sample analysis of graphical interpretation of the impact of workings inclination 

4. Conclusions 

Confirmation of the parametric iLogic model correct operation was the key element in the work on 

its creation. At the stage of verification of the iLogic model, all results were checked against 

the theoretical model saved as a spreadsheet. Due to the different nature of both tools, the global 

coordinates of the rear wheels and rocker as well as the gravity centre of the drivetrain, rocker and 

booms were checked and compared. The rear end of the machine only turns, so the verification was 

limited only to changing one angle. The booms, on the other hand, are the complex mechanism where 

the position of their centre of gravity is affected by two boom angles and min/max extension. Fig. 21 

shows an exemplary comparison of the results from the theoretical model and iLogic for the same 

variables. The results are identical. 

 

 

Fig. 21. Exemplary comparison of global coordinates of the iLogic model and the theoretical model 

 – boom extended (original language of the properties window) 

Similarly, the coordinates of the machine were compared for several selected situations, while 

different turning and deflection angles of the booms as well as the min/max extensions of the working 

parts from the straight-ahead position, but with the max extension of the working parts were checked. 

Comparison is shown in Fig. 22. During the verification, the turning circle and the distance of the 

gravity centre from the tipping edge were also checked. The results were identical. 

The use of parametric modelling speeds up the design work, especially at the stage of concept 

development or preliminary design. Self-propelled drill rigs are the complex machines. Almost every 
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change in their geometry affects the working area, turning circles and changes the position of 

the machine’s centre of gravity. The issue of stability of the machines, especially articulated machines, 

is a serious problem that requires an appropriate approach from the very beginning of the designing 

process. In the case of drilling rigs, we are dealing not only with an articulated structure of the body, 

but also with long booms extending significantly beyond the undercarriage. Due to the way of 

manoeuvring in the workings and the arrangement of the booms, the machine moves or works on 

the verge of stability. Thanks to the developed parametric model, it is possible to modify the geometry 

of the machine in order to obtain the possibilities assumed and required by the user, while 

simultaneously controlling the position of its of gravity centre against the background of the tipping 

edge, both for horizontal and inclined workings. The forms are clear and easy to use, which 

significantly speeds up the creation of subsequent combinations of parameters. 

 

Fig. 22. Exemplary comparison of the center of gravity in the iLogic model  

and in the theoretical model 
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Abstract: 

Due to rheological properties of salt rock mass, maintenance of mine 

excavations, including shafts may be very challenging, especially in 

the long term. Many different ideas and approaches to a subject of 

sinking and maintaining a shaft in salt rock mass have emerged over 

the years, of which the main directions include two opposite ideas, such 

as an application of high-strength lining and an approach based on 

flexible lining. The article presents a shaft reaming machine designed 

for maintenance of mine shafts located in salt rock mass designed with 

a flexible shaft lining approach. 

Keywords: mine shaft, shaft maintenance, salt rock mass, salt mining, 

mine safety, shaft reaming machine 

https://creativecommons.org/licenses/by-nc/4.0/
https://orcid.org/0000-0002-1450-5881


e-ISSN 2719-3306 Mining Machines, 2022, Vol. 40 Issue 3, pp. 173-179   

 

 

Publisher: KOMAG Institute of Mining Technology, Poland 
© 2022 Author(s). This is an open access article licensed under the Creative 
Commons BY-NC 4.0 (https://creativecommons.org/licenses/by-nc/4.0/) 

174 

 

1.  Introduction 

In standard strength tests, rock salt shows rheological characteristics, reflected in creeping and 

stress relaxation. Creep process can be divided into three stages (as shown in Fig. 1): 

− primary, 

− secondary, 

− tertiary. 

 
Fig. 1. Creep curve 

Primary creep stage starts with a rapid rate – significant deformations occur within a short term. 

In the creep strain vs time graph it is projected as a steep curve. The material is subject to constant 

pressure, strain increase, but their rates decrease. This process lasts until the secondary stage begins, in 

which the creep rate is relatively uniform. Experiments show that the strain is dependent mainly on 

the stress conditions in the primary creep stage. 

The creep process and thus the creep curve in the primary and secondary stages is dependent on 

two mechanisms: strengthening and regeneration. If those processes are in imbalance, the primary 

creep stage occurs, while in the case of their balance the equilibrium takes place. Creep rates decrease 

as the strengthening predominates over regeneration. 

In the tertiary creep, the creep rate accelerates rapidly. The strain increases until the moment of 

material break or rupture. Volume of the rock sample increases in this stage due to an occurrence of 

microfractures, which are the main reason of the sample destruction [2-10]. 

Convergence is one of the key factors of stability and safety of mine shafts located in salt layers, as 

the sidewalls convergence is a source of major stress acting on the shaft lining. Thus the converge rate 

is a determinant of actions which should be undertaken to counteract its destructive impact on the shaft 

lining. 

Experiments and practical experience show that sidewalls deformations caused by convergence 

may occur in a relatively short term. Thus, different approaches to shaft lining design have been used 

to solve the problem of its stability under the influence of convergence in salt rock mass. The first idea 

was to apply a high-strength steel lining, capable of bearing extremely high loads [10]. In contrast, 

an application of highly reactive, flexible lining was proposed and implemented in practice, e.g. in 

the SW-4 shaft at Polkowice-Sieroszowice mine, a part of the KGHM SA [11]. According to some 

experts [12] an implementation of a flexible shaft lining, providing hydraulic support with use of 

a column of fully saturated brine between typical watertight shaft lining (e.g. tubing lining) and shaft 

sidewalls, is more efficient. 

High flexible shaft lining, implemented in the SW-4 shaft of Polkowice-Sieroszowice mine utilizes 

the coating made of composite mesh and layers of sprayed-applied polyurethane as well as mineral 
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protective layer and auxiliary support, comprising bolted yielding arches. The task of the mineral 

coating is a protection of the shaft sidewalls against the impact of flowing humid air, while 

the auxiliary support is used to prevent the shaft against potential rock mass fracturing consequences. 

The design of the lining allows for a deformation of both shaft sidewalls and of the lining itself. To 

ensure a proper air flow in the SW-4 shaft (as the shaft is an upcast ventilation shaft) a reconstruction 

of the shaft lining is required within a designed time interval up to 12 years. Shaft lining 

reconstruction consists of several stages, including a disassembly of the worn out shaft lining, reaming 

of the shaft sidewalls to the designed diameter and a installation of the new shaft lining. 

In recent years, an idea of the shaft lining utilizing a characteristic feature of rock salt, which is 

water solubility appeared. This feature is generally considered a drawback in terms of mine workings’ 

maintenance, however it may be used to control the load acting on the shaft lining. The key elements 

of the shaft lining design include preliminary shaft sidewalls bolting, tubing lining of modified 

construction, porous material filling of the annulus between the shaft sidewalls and the tubing shaft 

lining and a system of pipelines, pumps and tanks for the leaching medium circulation [13-14]. 

The idea of the described shaft lining is based on periodic leaching of the shaft sidewalls in 

the controlled process carried out in the annulus between the tubing lining and the shaft sidewalls. 

Such design allows for simultaneous shaft lining “reconstruction” (leaching of the shaft sidewalls) and 

typical shaft operation, including airflow, men-riding, transport of materials and media to and from 

the mine workings. Experiments were carried out to verify assumptions and validate a possibility of 

implementing such a construction in a mine shaft. They allowed also for a determination of parameters 

of the designed shaft lining and leaching medium. The effects of the tests are optimistic, however real-

life tests in mine shafts are indispensable to verify the results in practice [13-16]. 

2. Materials and Methods 

Shaft reaming machine 

The designed and patented shaft reaming machine may be applied for shaft liquidation and 

reconstruction operations. Its base is a working platform suspended on steel ropes. It consists of three 

sections: 

− top section, 

− reaming section, 

− loading section. 

The reaming section is separated from the other sections with two platforms – the top platform 

dividing it from the top section and the bottom platform separating it from the loading section. 

The device is equipped with a tubular guide for a conveyance (typically shaft bucket) which is located 

in the shaft axis and allows for men-riding and transporting material to and from the top and loading 

sections. The top and loading sections are also equipped with stabilizers which are used to support and 

stabilize the reaming machine at the level on which it is used. The reaming section is equipped with 

a frame, which is an angular truss construction to which a boom of a cutting head is attached. 

The truss construction and the tubular guide are connected with bearings. 

The main goal of the presented machine designers was a design and a construction of a lightweight 

reaming machine, which allows for controlling the cutting head web depth, an easy stabilization of 

the device on the cutting level, suitable for intervention activities and facilitating loading and hauling 

processes [17-18]. A view of the shaft reaming machine is presented in Fig. 2. 
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Fig. 2. A view of the shaft reaming machine 

 

The key structure of the reaming section is the frame to which both the cutting head boom and 

operator’s cabin are assembled. A gear a rack allows for a vertical movement of the cutting head, 

while the bearing connecting the truss construction with the top platform and the tubular guide is 

responsible for a rotational movement of the whole construction and thus of the cutting head [17]. 

The diameter of the bottom platform is smaller than the loading deck diameter, which allows for 

a gravitational transport of the excavated material to the loading deck, from where it is loaded into 

buckets and hauled to the surface. The stabilizers, attached to the bottom platform, allow for horizontal 

and vertical positioning of the machine, which in turn enables a greater adjustability of the cutting 

head web depth. The design of the cutting head boom and its attachment to the frame allows for 

controlling a vertical position of the cutting head position and of the cutting head web depth [17]. 

The design of the shaft reaming machine is presented in Fig. 3 and 4. 
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Fig 3. Vertical presentation of the shaft reaming machine [16] 

6 – top platform, 6a – bottom platform, 9 –tubular guide, 13 – frame, 14 – top bearing, 15 – bottom bearing,  

17 – truss, 18 – top ring, 18a – bottom ring, 20 – gear racks, 21 – horizontal adjustable beam, 22 – cutting head 

drive, 24 – cutting head boom, 25 – cutting head, 26 – hydraulic cylinder, 27 – operator’s cabin, 28 – hydraulic 

stabilizer, 29 – stabilizer’s beam, 30 – hydraulic cylinder, 31 – outline of the bottom platform;  

M – eccentricity, O – horizontal axis of the shaft reamer, O1 – axis of the frame 

 

Fig. 4. Horizontal view of the shaft reaming machine [16] 

9 – tubular guide, 13 – frame, 15 – bottom bearing, 16 – guidance, 19 – drive, 21 – horizontal adjustable beam, 

22 – cutting head drive, 24 – cutting head boom, 25 – cutting head, 26 – hydraulic cylinder, 28 – hydraulic 

stabilizers, 29 – stabilizer’s beam, 30 – hydraulic cylinder;  

M – eccentricity, O – horizontal axis of the shaft reamer, O1 – axis of the frame 
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A small number of salt mines in Poland and thus a small number of mine shafts sunk and 

maintained in salt rock mass do not make a development of such a machine a sort of priority. 

However, in numerous countries of the world, including Germany, not only new solutions for mine 

shaft lining are developed but also shaft reaming and shaft sinking machines. A machine of similar 

construction is currently in use in one of German salt mines, which shows that the approach of flexible 

shaft lining for salt mines gains popularity. 

3. Conclusions 

Salt mining, although still remains in the shadow of other branches of the mining industry, is a field 

of continuous development. Specific characteristics of rheological salt rock mass require 

an application of solutions not feasible in other places, which applies also to shaft sinking and design 

of shaft lining. Conventional solutions, successfully used in numerous mine shafts over the world are 

not always suitable for an application is salt rock mass. It fosters a development of alternative 

solutions, of which flexible shaft lining is currently gaining popularity. Modern solutions of shaft 

lining with use of periodic leaching of the shaft sidewalls are also considered promising. 

However, the problem of shaft lining in the sections located in salt rock mass does not concern only 

salt mines. KGHM SA, the biggest producer of copper and silver in Poland, has broad experience in 

sinking and maintaining mine shafts in the sections located in salt rock mass, as some of the shafts of 

the Company’s copper ore mines are partially located in the salt rock mass. This is where the most 

modern flexible shaft lining construction in Poland has been applied. 

Different designs and constructions of flexible shaft lining, similar to the one applied in the SW-4 

shaft of Polkowice-Sieroszowice mine, require a periodic reconstruction of the shaft lining, such as 

activity is connected with periodic shaft operation stoppages, which can have a negative impact on 

the whole mine efficiency. 

The shaft reaming machine presented in the article, enables to facilitate the process of shaft 

reaming in a mine shaft section located in the salt rock mass and supported with flexible shaft lining, 

similar to the solution implemented in the SW-4 shaft. Despite the cost of development and 

construction of the machine, it can help reduce costs of shaft maintenance due to a reduction of 

the shaft downtime. An application of a similar device in the German mining industry allows to 

conclude that a development of the flexible shaft lining and of the shaft reaming machine is reasonable 

due to economic and technological reasons. 
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