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TERMS 

 

The following terms are used in this doctoral dissertation: 

Increased rock pressure zone (hereinafter IRP) – a part of the coal massif and 

lateral rocks, experiencing increased stress transmitted by the edge parts, individual 

left pillars or other concentrators located on an adjacent seam (seams). 

Increased rock pressure manifestation zone (hereinafter IRPM) – the zone in 

which increased rock pressure was realized in the form of increasing displacements 

of the roof, sides and bed of the mine workings, push-up and destruction of the sides 

and roof of the mine workings, and deformation of the roof support. 

Support – an engineering structure in a mine working interacting with rocks 

and designed to preserve the shape and size of its cross section, in accordance with 

the requirements of safety rules. 

Anchor bearing capacity – an ultimate load in heavy mode (a factory 

characteristic). 

Reference pressure – additional to the weight of the rock massif pressure 

exerted by the hanging rocks on the part of the massif outside the mined-out space. 

Base plate is an individual base element that does not connect the anchors in 

rows in a single system. 

Pliable support – a support which design allows reducing the working cross-

section while maintaining the bearing capacity. 

Safety pillar – a pillar left to prevent harmful effects of mining on protected 

objects. 

Miningspan (conjugation) – the width of the base of the natural 

equilibriumarch. 

Manifestation of rock pressure – deformation and destruction of rocks and 

support under the rock pressure impact. 

Long mining – a working which length is an order of magnitude or more, 

greater than its width. 

Support work (support resistance) – the support force counteraction to rock 

pressure. 

Roof bolting resistance – the arithmetic mean load from the roof to the roof 

bolting. 

Displacement of the mine working roof – decreasing the height of the mine 

working due to the lowering of the roof rocks caused by rock pressure. 

A pillar – a separate part of the mineral deposit that in the process of 

developing deposits for one reason or another was left not recovered or temporarily 

not recoverable. 
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INTRODUCTION 

 

Keywords: mine workings, computer simulation, geomechanical processes, 

stress-strain state, coal-rock massif, technology, underground mine workings, 

systems, supporting tools. 

Relevance. More than half of the underground mine workings in the mines of 

the Karaganda coal basin are in the unstable state (displacement of the roof, bed and 

side rocks) and are supported with significant laboriousness of work and material 

costs due to the absence of justification for correspondence of their supporting 

parameters to operating conditions in specified mining, geological, technical and 

production conditions. To make justified technological decisions on determining the 

parameters of the support for its effective operation, there is needed a geomechanical 

predictive assessment of the deformed state of the enclosing rock massif around the 

workings. Developing and implementing the technology and tools, taking into 

account the stress-strain state of the enclosing rocks, will reduce material and labor 

costs and justify the parameters of supporting mine workings when operating mine 

workings. 

Therefore, one of the current trends in the coal industry development is the 

development and pilot industrial testing of high-tech resource-saving methods and 

active tools of supporting mine workings and stabilizing the massif while maintaining 

them in the reference pressure zone ahead of the long-wall face for the achievement 

of a high technical and economic effect and improving safety of mining. 

The objects of studies are underground mine workings of coal mines that are 

driven and supported in different mining-geological and mining technical conditions 

of operation including the ones with complicating factors: zones of increased and 

reference rock pressure ahead of the long wall face with different schemes of mining 

operations development. 

The purpose of the work is developing the technology of supporting 

development workings ahead of the long-wall face in the reference pressure zone 

based on controlling the stress-strain state of the contour rock massif. 

The idea of the work consists in developing the technology of driving mine 

workings taking into account the stress-strain state of the coal-rock massif for 

establishing the optimal parameters of the support that is achieved by the use of 

methods and tools of metal rods with screwed surface and deep-laid rope anchors 

mounted in the zone of reference rock pressure ahead of the long wall face and is 

needed with contour resin injection. 

Methodology of performing operations. The methods used are as follows: 

monitoring the mine workings stability in the mines of the Karaganda coal basin with 

determining the patterns of rock pressure manifestations depending on geological 

factors and mining operating conditions, taking into account computer simulation of 

geomechanical processes in the enclosing coal-rock massif; digital simulation of the 

stress-strain state of the rock contour massif; the development of innovative 

technological decisions and testing technical decisions in experimental industrial 

mine conditions. 
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The tasks of the studies are as follows: analyzing the practical use of roof 

bolting and resin fixing compounds in coal mines; studying the parameters of 

deformation processes in mine workings; assessing the technological parameters of 

the use of roof bolting depending on the geological and mining conditions of driving 

mine workings; studying the stress-strain state of the rock massif around the 

workings through analytical modeling; establishing the anchoring technology impact 

on the mine performance; developing technological schemes of roof bolting and 

stabilizing unstable rocks with synthetic resins. 

Feasibility and significance of the work. The developed methods and tools of 

supporting and stabilizing the enclosing rock massif will allow controlling 

geomechanical processes to reduce the intensity of forming stratification zones, crack 

formation and zones of discontinuity, weakened zones, and to reduce increased 

deformations of the coal-rock massif in the breakage face and around the 

development mine workings, and to avoid forming zones with the excessive stress-

strain state of the massif to increase stability and to reduce defectiveness of the 

massif.  

The economic effect of a preventive two-level support ahead of the reference 

pressure zone is 796 500 tenge per month or 9 558 thousand tenge per year, 

excluding the loss of production in the working face.  

Participation in R&D, grant funding as an executor: 

R&D on the topic: No. AR05135535 “Development of the contour technology 

for supporting workings with controlling the anthropogenic state of the coal-rock 

massif of the enclosing rocks”, grant funding for scientific research of the Ministry of 

Education and Science of the Republic of Kazakhstan for 2018-2020. 

R&D on the topic: “No. AR05135203 “Development of intellectual 

information systems for calculating technological parameters of mining processes”, 

grant funding for scientific research of the Ministry of Education and Science of the 

Republic of Kazakhstan for 2018-2020. 

R&D on the topic: «Development and implementation of the technology, 

systems and tools of active supporting mine workings, taking into account the stress-

strain state of the contour rock massif”, program-targeted financing of scientific 

research for 2018-2020 with K. Satpayev KazRTU. 

Main scientific provisions to be defended: 

− the integrity of the roof reinforced with anchors 2.4 m long is maintained at 

horizontal stresses up to 15-16 MPa, and at stresses of 16-19 MPa and higher the 

integrity of the roof is ensured by mounting rope anchors (5-7 m long);  

− with increasing vertical stresses (more than 20 MPa), it is performed by 

linking the contour massif of weak rocks with upstream rocks using deep-laid 

anchors, which leads to the suspending the formed support beam of rocks to the 

stable massif and balancing the load on the support of the mine working; 

− the angle of inclination of the contour rope anchor with the reduced advance 

equal to 1.0 m for workings of the rectangular shape is recommended to be equal to 

75-77° at minimum normal stresses, when mounted in the zone of mining (stoping) 

operations ahead of the long-wall face. 
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Scientific novelty of the work consists in justification  of qualitative and 

quantitative parameters of the contour supporting of mine workings, taking into 

account geomechanics of the coal-rock enclosing massif, based on the developed 

technological approaches, to provide safe conditions and increase labor efficiency in 

high-performance stoping and development faces; studying the stress-strain state of 

the rock massif when supporting the workings in the zone of the reference pressure 

ahead of the long-wall face; establishing the technological factors impact on the 

conditions of supporting the contours of mine workings: the angle of inclination of 

the contour anchors on the stress state of the rock massif; the location of the contour 

support relative to the bedding of rock layers; determining the parameters of a single-

level beam roof bolting; the location of the contour support relative to the elements of 

the development with heaving bed rocks; the development of a supporting contour 

beam over the working with establishing the impact of the enclosing rock strength on 

the magnitude of stresses and stratifications of the contour rocks: 

– the bearing anchor beam provides reducing the stresses perpendicular to the 

layering of rocks with a single-level anchor support by 10-15% and a smaller spacing 

on the working sides by 20%; reduction of heaving of the working soil by up to 5%; 

– the effect of the enclosing rocks strength on the magnitude of stresses and 

stratifications of contour rocks: 2.4 m for strong rocks (compressive strength 40-60 

MPa); 2.6 m for medium-strength rocks (compressive strength 35-40 MPa); 2.8 m for 

low-strength rocks (compressive strength less than 35 MPa) and 3.8 m – for unstable 

rocks; 

– regularities of the effect of the anchor length, the depth of development and 

the thickness of the unstable layer (for example, mudstone) on the stability of a 

rectangular mine section. 

Scientific significance of the work consists in the following:  

– establishing the justified parameters for maintaining stability of workings 

supported with roof bolting in the front zone of reference pressure of the breakage 

face at the mine of the Karaganda coal basin with determining the parameters of 

deformation processes (the results of production observations); 

– establishing parameters with one-and two-level working support based on the 

regularities of developing the zones of strains and stresses around the working 

depending on the geological-and- technological parameters along the length of the 

acting reference rock pressure ahead of the long wall face. 

Practical significance of the work consists in the following: 

– developing the technology and tools of supporting, taking into account the 

geomechanical state of the massif and mining development schemes (a patent 

application filed; there are two certificates of intellectual property: a computer 

program and a tutorial); 

– forming progressive technological decisions, manufacturing a pilot batch of 

the tools for the contour hardening of rocks and monitoring of the implemented 

technologies of supporting mine workings (testing pilot batches for various 

purposes); 
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– pilot industrial testing and implementing the research results for the 

improvement of technological schemes of driving mine workings with cable and 

composite anchors in the conditions of the mine (act of mine pilot tests); 

– developing progressive methods of supporting when driving workings in 

zones of geological disturbances, zones of high rock pressure (technological 

schemes), including those with the use of synthetic resins (two-component 

polyurethane, BlockpurS). 

Practical value of the work consists in the development of progressive 

technological solutions for implementing the technology of roof bolting for the 

workings ahead of the long-wall face and the rock mineralization to strengthen the 

disturbed (or weakened) massif to ensure efficient and safe operation of the coal 

mines. 

Implementation of the work. Recommendations have been developed on the 

effective use of the technology of roof bolting when driving development workings in 

the zones of tectonic disturbances and resinization of the disturbed rock massif at the 

junctions and in the long-wall face of the mining divisions of the Karaganda coal 

basin mines. 

The dissenter’s personal contribution is developing the technology and tools of 

supporting the contour massif when driving mine workings. 

The validity and reliability of scientific provisions, conclusions and 

recommendations are confirmed by the convergence of the results of theoretical 

studies and experimental tests. 

The structure of the work. The dissertation consists of an introduction, 5 

sections, a conclusion and contains 132 pages of text, 114 figures, 13 tables, 

references of 99 titles. 

Implementation and testing of the dissertation. The research results are 

published in 3 scientific articles in editions included in the Scopus database; in 3 

articles in editions recommended by the authorized body (CCSES), 11 abstracts of 

international scientific conferences. 

In English there has been developed a tutorial on the subject «Oil and Gas 

Basics», the authors are Zhumabekova A.E., Demin V.F., Baideldinova G.M., 

Kurmanov S.T.; a textbook on the subject «Basics of Mining», the authors are Demin 

V.F., Maussymbayeva A.D., Zhumabekova A.E.; CIP on an electronic textbook on 

the subject «Basics of Mining», the authors are Demin V.F., Maussymbayeva A.D., 

Zhumabekova A.E.; CIP on an electronic textbook on the subject «Professional 

English in Informatics and Computer Science», the authors are Tishmaganbetova 

B.S., Zhumabekova A.E. The results of scientific research obtained in the thesis are 

embedded in the educational process in the disciplines of baccalaureate degree  

6B07202 and master's degree 7М07203 programs «Mining». 

As a part of implementation of grant financing projects with the Ministry of 

Education and Science of the Republic of Kazakhstan, the Act of Introducing in the 

Educational Process (Appendix A) and the Letter of Intent for introducing were 

received (Appendix B). 

The main provisions of the work were reported and received approval at 

scientific seminars of the DMD at KSTU, Scientific and Technical Council of KSTU. 
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1 SYSTEMS FOR STRENGTHENING AND STABILIZING ROCKS 

AROUND THE OPERATIONAL WORKING CONTOURS 

 

1.1 Systems of Supporting Mine Workings in Coal Mines 

 

1.1.1 Theories Used in Calculation Justification of the Roof Bolting 

Parameters 

There are distinguished five main theories (figure 1.1) that are used in the 

calculation justification of the roof bolting parameters: suspension of the immediate 

roof to stable rocks; formation of the load-bearing structure, an anchor bridge, 

compression of the supporting rocks, the layer beam interaction; joint work of the 

support and the massif with their equal strength; the energy theory based on the fact 

that the dangerous state occurs when the specific potential energy of the form change 

reaches the limit value [1]. 

 

     
 

а                                            b                                               c 

 

 
 

d                                              e 
 

а – suspension of the immediate roof to stable rocks; b – formation of the load-bearing 

structure, an anchor bridge; c – compression of the supporting rocks; d – the layer beam interaction; 

joint work of the support and the massif (d) with their equal strength; e – the energy theory (e) 

based on the fact that the dangerous state occurs when the specific potential energy of the form 

change reaches the limit value 
 

Figure 1.1 – Theories used for the calculation justification of the roof bolting 

parameters 

 

Below there is considered specification of the materials for supporting mine 

workings (with a single and multi-level mounting) of the contour laying. 

The main types of the roof bolting can be divided according to the design of 

the anchor rod: metal key; metal key-free (explosive); wooden; reinforced concrete; 
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steel mineral; steel polymer; plastic; basalt plastic; frictional; injectable; self-drilling 

and rope. 

 

1.1.2 Tools and Systems of Supporting 

A metal rigid anchor  

A metal rigid anchor is a metal rod that is mounted in the roof or sidewall of 

the mine working and is used in combination with the full pouring of resin (cement 

mortar) in the hole (well) or other appropriate substance to provide a hardened roof 

and sides of the mine (figure 1.2). Table 1.1 presents tensile strength and design 

bearing capacity of anchor rods. 

 

      
 

                          а                                                                              b 
 

а – with metric thread  for the support nut; b – with profile thread 
 

Figure 1.2 – Rigid steel (metal) anchor 
 

Table 1.1 – Tensile strength and calculated bearing capacity of anchor rods 
 

Characteristic 

Rolled products for 

manufacturing anchors, 

steel grade Ribbed steel 

А300; St5, St3ps А500 class 

Sh 35 GS ; 

25G2S 

А600 class 

Sh 35GS; 

25G2S 

Tensile strength of the material, MPa, not less 

yield strength 

tensile strength 

elongation after rupture 

Strength of anchor rod, kN, not less 

with the rod diameter of 20 mm 

at the yield strength of steel  

malleable resistance 

tensile strength – bearing capacity 

with the rod  diameter of 22 mm 

at the yield strength of steel  

malleable resistance 

tensile strength (tensile) - bearing capacity 

with the rod diameter of 25 mm 

at the yield strength of steel  

malleable resistance 

tensile strength  – bearing capacity 

 

 

500 

620 

20 

 

 

157 

195 

 

 

190 

236 

246 

 

 

305 

 

 

600 

750 

20 

 

 

189 

236 

 

 

228 

285 

295 

 

 

343 

 

 

350 

420 

17 

 

 

110 

132 

 

 

133 

160 

172 

 

 

206 
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A fiberglass anchor is a rod made of fiberglass materials and characterized by 

high tensile strength. The anchors are fixed in holes using polymer ampoules or 

polymer compositions (figure 1.3). 

 

 
 

Figure 1.3 – Fiberglass anchor with a continuous rigid support plate 

 

A support spherical washer (support damping plate) is used in combination 

with an anchor and a hemispherical nut and helps to distribute the load, guaranteeing 

the correct location regardless of the angle of the anchor mounting, reducing erosion 

around the mouth of the anchor hole (figure 1.4).  

 

               
 

                                     а                                                             b 
 

а – with rib stiffeners; b – arched 
 

Figure 1.4 – Steel spherical washer 

 

A hemisphere nut must be made of steel or fiberglass, of hexagonal shape, and 

the distance between the faces should be 36 m. 

A strip anchor pick-up (strip) presents metal strips with holes mounted in the 

roof and sides of the workings, connecting the anchors in rows in a single working 

system. 

In the structures of the support roof bolting there are used lightweight pickups  

with the density of anchors mounting in the roof more than 1pcs/m
2
; reinforced 

pickups with the anchor density mounting less than 1 pc/m
2
. 

Chemical resin 

A chemical resin is an encapsulated material used to develop adhesion between 

the anchor and the side rocks of the roof and the sides (bed) of the working. 
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The capsules (figure 1.5) should contain filled polyester resin and catalyst in 

different compartments with a fragile shell. 

 

 
 

Figure 1.5 – Polymer or mineral chemical agent for anchors 

in the form of ampoules 

 

The gel time and hardening time of the chemical material after mixing the 

capsules in the hole within 20 s at the temperature of 20-30°С must comply with table 

1.2. 

 

Table 1.2 – Polymer ampoules characteristics 
 

Type of capsule with hardening Gel time, s Hardening time, s 

Fast 10-18 8-10 

Medium 40-55 10-15 

Slow 70-200 30-50 

 

A rope anchor [2] is intended for supporting mine workings by deep anchoring 

of surrounding rocks (5…7 m and more). The anchoring of the rope anchor is carried 

out using a polymer composition or cement mortar along the entire length of the hole. 

To control the completeness of filling the hole with the fixing compound, a central air 

exhaust tube was introduced into the design of the anchor. 

The injection of the fastening composition into the hole is stopped when 

appears from the vent pipe. The rope anchor consists of 6 braided wires with the 

diameter of 6 mm and a tube mounted in the middle with the diameter of 6 mm and 

the wall thickness of 1.5 mm. The total diameter of the anchor is 18.3 mm, the total 
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length varies according to the customer’s will. As the anchor head there is used a 

sleeve 120 mm long with an external thread M30 (figure 1.6). 

 

 
 

                                 а                                                                               b 
 

а – Rope, or cable anchors; b – injection (b) deep-laid anchors 
 

Figure 1.6 – Rope, or cable and injection deep-laid anchors 

 

The load-bearing rod of the rope anchors is made of a reinforcing rope (table 

1.3).  

 

Table 1.3 – Technical parameters and dimensions of the rope anchor 

Indicator Value 

1 2 

Well diameter, mm 27; 30; 36; 43 

Dimensions: 

rope diameter, mm 15.2 

length m 3-11 
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A rope injection anchor 

It is designed for supporting unstable rocks at mates (figure 1.7), mine 

workings by deep anchoring of surrounding rocks. The anchoring of the rope anchor 

is carried out using a polymer composition or cement mortar along the entire length 

of the hole. To control the completeness of filling the hole with a fixing compound, a 

central air exhaust tube was introduced into the anchor structure. The injection of the 

fastening composition into the hole is stopped when resin appears from the vent pipe. 

 

 
 

Figure 1.7 – Rope injection anchor 

 

Pressure pipe with the anchor function (Irma) 

The IRMA (figure 1.8) is a pressure pipe with the anchor function. An 

exceptional feature of the IRMA tube is its dual function: on the one hand, with the 

help of the IRMA tube it is possible, as with conventional injection tubes, to pump 

resins and cement into the rock. On the other hand, the IRMA serves as an anchor, 

i.e. after the injection process it remains in the well and supports the rock. The use of 

IRMA is recommended especially in unstable rock zones, in which, alongside with 

pure stabilization by injection, additional reinforcement and anchoring of loose rock 

is also necessary. Using the IRMA tube (figure 1.9), you can quickly, reliably and 

permanently increase the benefits of supporting strength. It does not affect shear 

strength due to the connecting elements of the sealant. The IRMA is made of 

continuous steel pipe. Through the thread, the holding force can be transmitted to the 

rock. Successful injection is guaranteed owing to the integrated seal that reliably 

closes the well. The rock can be strengthened along the entire length of the well, 

since, as owing to the extension tube, the resin output can be more and more shifted 

to the bottom of the well. 

Continuation of table 1.3 
 

1 2 

Tensile strength, kN 234 

Relative elongation at yield strength, % ≤1,3 

Fastening length 

AK01 Not less than 1.1m 

AK02 The entire hole length 
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Figure 1.8 – Design of a pressure tube with anchor function (Irma) 

 

 
а                                            b 

 

a – support strip; b – hydro-prop 
 

Figure 1.9 – Irma anchor mounting technology 

 

Self-drilling SPINMAX anchor 

The FiReP® SPINMAX FRP self-drilling anchor bolts (figure 1.10) are used 

for temporary or permanent supporting in mining and tunneling. Owing to its cutting 

ability, the FiReP® SPINMAX self-drilling anchor is an economic alternative to steel 

and offers enormous advantages for modern fast tunneling techniques. 

The FiReP® SPINMAX anchor possesseshigh tensile strength and can 

withstand heavy loads. Its low weight and high torsion resistance make the anchor 

suitable for working in loose rocks with maximum strength of up to 60 MPa. 

The FiReP® SPINMAX self-drilling anchor bolts are used in combination with 

injection into the surrounding soil and rock to stabilize the surface; advance support; 

slope stabilization; soil strengthening in soft rocks; system anchoring. 

The advantages of FiReP® SPINMAX self-drilling anchor bolts are as follows: 

ultra-high torque resistance of more than 400 Nm; using for left- or right-handed 

drilling; high resistance to corrosion; cutting ability; high tensile strength; flexibility; 

low weight; ease of handling. 
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                               а                                                                            b 
 

а – compound sleeve; b – threaded part 
 

Figure 1.10 – Self-drilling anchor bolt 

 

PUR-cartridges 

PUR-cartridges (figure 1.11) contain a fast-reacting polyurethane resin in a 

two-section plastic shell. The holes are drilled at the site of the PUR-cartridge use. 

The distance between the holes depends on the degree of the coal looseness or the 

environment and on the expected load. The cartridges are individually placed as deep 

as possible to the bottom of the hole. A tetrahedral wooden block is partially 

hammered into the hole and then screwed in until it stops using the rotary drill or the 

impact drill with an adapter. 

 

 
 

Figure 1.11 – PUR-cartridge supporting technology 

 

To strengthen the coal massif in the development workings there are drilled 

holes in the side of the mine working at the intervals of 0.8-1.0 m in two rows; the 

holes in the bottom row are drilled at the distance of 0.8-1.0 m from the top in the 

chessboard pattern; the length of the holes is 2.0-2.2 m, the diameter of the hole is 43 

mm; PUR-cartridges are placed in the hole and sent to the bottom of the hole with a 

wooden bar; the length of the bar is 2.2-2.5 m, the cross-section of the bar is 30x30 

mm, one end of the bar is beveled at the angle of 45°; the destruction and mixing of 

PUR-cartridges is performed by rotating the bar with an electric drill through an 

adapter within 10…15 s. 

The quality control of mounting a wooden anchor and the required number of 

PUR-cartridges per hole is controlled by the exit of the foamed composition from the 

mouth of the hole. 
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Basalt plastic anchor 

It is designed for supporting the sides of the workings (figure 1.12), especially 

from the bottom side of the adjacent development workings for the long-wall face 

passage; it is not subject to corrosion. 

  

 
 

Figure 1.12 – Basalt plastic anchor 

 

Friction anchor 

It is used for supporting massive unstable rocks in mines (figure 1.13) with 

water being supplied to the internal cavity under high pressure (20 MPa) or by 

driving a metal spacer rod with the anchor wedging in the hole. 

 

 
а 

 

 
 

                                        а                                b                               c     
 

а – general assembly; b – a cap wire in the hole mouth; c the same in the hole bottom 
 

Figure 1.13 – Friction anchor of the mine version 

 

Resin products for stabilization of unstable rock massifs [3] 

Two-component polyurethane resin BlockPUR 

The technology of using the resin is presented in figure 1.14: to stabilize an 

unstable and disturbed rock massif; to mount anchors with strengthening the 

surrounding massif; waterproofing rocks and various structures. 

The types of resin are as follows: BlockPUR C for dry breeds; BlockPUR B for 

wet rocks; BlockPUR VI for waterproofing. 
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The operational advantages include a quick response; excellent adhesion; high 

strength and elasticity; resistance to aggressive effects of acids, alkalis, brines and 

other organic solvents. 

 

     
                         а                b 

 

а – in the sides; b – in the roof  
 

Figure 1.14 – Technology of using two-component polyurethane resin of the working 

 

Organic mineral resins 

Blockfil is a two-component phenol foaming resin, the technology of which use 

is presented in figure 1.15a. The scope and conditions of use are as follows: filling 

out dumps and domes; filling voids to prevent gas accumulation; construction of fire 

lintels; fire insulation; jumper sealing; gas isolation; stabilization of the destroyed 

mountain range. 

 

         
 

                         а                                                                  b 
 

а – phenol foaming; b – organic mineral 
 

Figure 1.15 – Technology of using two-component resins 
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The advantages of its use include the following: a high speed foaming reaction 

does not require erecting an airtight formwork; a high foaming coefficient allows 

filling significant volumes of voids with low material consumption; it is a non-

combustible material. 

Blocksil is a two-component organic mineral resin. The technology of applying 

the resin is presented in figure 1.15b: to stabilize a weak and severely disturbed rock 

massif; coal strengthening in tunnel faces and lavas in zones of mining and geological 

disturbances; anchoring with the foundationless (pile) fastening of equipment and 

various designs; filling various voids by water displacement. 

The advantages of the use are as follows: quick response, excellent adhesion, 

high strength and elasticity, it does not foam and does not expand even when in 

contact with water, it is resistant to aggressive effects of acids, alkalis, brines and 

other organic matters. 

 

1.2 Assessing the Supporting Technology in the Workings of Coal and Ore 

Mines, Taking into Account Geomechanical Condition of Enclosing Rocks 

In accordance with the main idea of the dissertation for the development of 

technological schemes, methods and tools of driving and supporting workings based 

on establishing the patterns of the stress-strain state manifestations of the coal-rock 

massif in enclosing rocks during numerical simulation and full-scale experiments in 

mine conditions to ensure a stable support system-enclosing rocks of the rock massif 

around the workings to maintain their contours, there has been assessed the state of 

the problem and the existing building structures of the contouring systems for 

supporting mine workings in coal and ore mines. 

Despite significant increasing the level of mechanization of the production 

processes, the coal and mining industries remain the most labor-intense industries not 

always with a high level of safety of the production processes performing.  

 

1.2.1 Contour Technology and Types of Supporting Mine Workings in Mines 

The schemes of the roof bolting operation in the rock massif around the a mine 

working include: suspension of unstable blocks; development of a supporting rock 

structure (including a combined support); combination of options [4]. 

The working driving leads to the formation of a rock zone around it, which 

perceives the massif pressure until the mechanical bonds (interlayer friction of the 

rocks) decrease to the values of destruction. After mounting the anchors, a reinforced 

load-bearing rock beam is formed with the height equal to the length of the anchor, 

and with the moment of resistance that withstands pressure of the massif. In this case, 

the operation of the roof bolting is recognized as effective (figure 1.16 shows the 

pattern of the formation of a rock beam with incomplete and full filling of the hole 

with glue). 
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                             а                                                                         b 
 

а –  with a partial filling: 1 – strengthened zone; 2 – non-strengthened zone; 3 - lines of 

stress zones around the anchor; F1 – holding force (stress); F2 - holding force in the deformation 

zone; b –  full filling of the hole: 1 - rock load-bearing beam with full gluing of the anchor length 

and cracks in the inter-anchor zones; 2 – stress diagram around the anchor 
 

Figure 1.16 – Pattern of strengthening the roof with a fixing composition 

 

1.2.1.1 The Design and Patterns of Erecting Supports in Ore Mines Workings 

Taking into Account Geomechanical Condition of Enclosing Rocks 

Below there is presented the analysis of technological schemes of the support 

erection in mine workings of ore mines. 

Supporting mine workings at mining enterprises 

Supporting capital, development, threaded horizontal and inclined workings 

depending on the category of rock stability can be carried out without support, with 

spray-concrete or shotcrete-concrete support, roof bolting, combined (anchor and 

spray-concrete) support; metal frame support; monolithic reinforced concrete support. 

The general approach to selecting the type of support and determining its 

parameters is as follows: according to mining and geological conditions, there is made 

a forecast of the rock stability in the working, i.e. there is determined the category of 

its stability; according to the category of rock stability, there is selected the type and 

design of the support; by calculation there is determined the support parameters. 

Shotcrete-concrete support 

Shotcrete-concrete (or spray-concrete) is concrete obtained by pneumatic 

spraying of concrete (mortar) mixture onto the surface to be treated. Shotcrete-fiber-

reinforced concrete is a modification of the shotcrete-concrete containing steel fibers 

or polymer fibers. Fibers are pieces of thin steel wire, thin steel sheet, as well as steel 

or polymer fibers. The main parameter of the shotcrete (or spray) concrete support is 

the thickness of its coating layer. 

Spray-concrete support is used in two versions. The first version is for workings 

that cross stable, slightly cracked rocks. Displacements of the rock contour are mainly 

caused by the elastic-viscous deformations of the massif after its exposure, are 

realized within the first three months and stabilized at the level of 15…45 mm. It is 

 



22 

advisable to use an insulating layer of sprayed concrete with the thickness of 2…3 cm 

and a combined support (figure 1.17).  

 

 
 

                                    а                                                             b 
 

а – of the haulage working; b – combined support 
 

Figure 1.17 – Continuous shotcrete-concrete support  

 

For workings that cross fractured, medium and below average rock stability, the 

highest displacement rate is manifested in the initial period (3-6 months), within 

which they reach 60-100 mm. In such conditions, combined supports made of sprayed 

concrete with the thickness of 5…10 cm and more are also used in combination with 

anchors and metal mesh (figures 1.18, 1.19, 1.20). 

 

 
 

Figure 1.18 – A support for the workings junction (shotcrete-concrete, anchors and 

metal mesh) 
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                                                   а                                                           b 
 

а – cross-section; b – profile 
 

Figure 1.19 – Supporting a working with shotcrete concrete and short anchors 

 

 
 

                                              а                                                                       b 
 

а – cross section; b – profile 
 

Figureк 1.20 – Supporting a working with spray-concrete, short and long anchors  

 

In these conditions there are used the following support designs for contour 

supporting the workings.  



24 

1.2.1.2 Analyzing Mining-geological Characteristics of Ore Mines and Survey 

of Technological Schemes of Supporting Mine Workings 

Nurkazgan ore mine 

According to morphological features, the deposit in general terms is a steeply 

falling (60-80°) ore deposit linearly elongated in the submeridional direction. It is 

traced along in the strike for 800 m and is characterized by changes in its thickness 

up to 400 m in the central part, gradually decreasing in the north and south to 40-50 

m. Mineralization is traced to the depth of 1200 m. 

The ore body has no access to the day surface. The depth of its occurrence 

from the surface is from 24 m in the northern to 150 m in the southern parts with 

immersion in the center of the site up to 380 m. 

Physical and physical-and-mechanical properties of the rocks are characterized 

by the following statistics averaged over the entire tested capacity. The data are 

shown in the following sequence: for quartz diorites in the range up to 1200 m, 

granodiorites, intrusive breccias and ore-bearing breccias in the range of 0-500 m. 

The engineering-geotechnical conditions of the region of the Nurkazgan 

deposit are classified as being of medium complexity with the predominant 

development of semi-rocks and rocks weakened by fracture, flooded, open or blocked 

from the surface by cohesive rocks of an unstable thickness. 

A sub-level caving system is used. The supporting of transport slopes with 

main conveyors is accepted in the following ratios: to the depth of 50 m it is concrete; 

below the depth of 50 m it is 20% concrete and 80% combined (reinforced concrete 

or steel-polymer rods coated with spray-concrete) (figure 1.21) [5]. 

 

               
                               а                                                                             b 
 

а – with a combined support; b – with a concrete support 
 

Figure 1.21 – Technological certificates  
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Supporting horizontal workings of ore and concentration levels, as well as 

transport exits between ore levels, is accepted in the following ratios: without support 

(stable rocks) 20%; reinforced concrete (steel-polymer) rods coated with spray-

concrete (medium-resistant rocks) 60%; concrete (unstable rocks) 20%. 

Roof bolting 

Due to a high steel elasticity and its tensile strength, a small diameter (16-22 

mm) rod with the length of 1.8-3.0 m works most precisely under tension. Therefore, 

it is most rational to mount anchors in the directions of the maximum displacements 

of the working contour. Due to their own tensile resistance, the anchors prevent 

stratification, decompaction of disturbed rocks, structural blocks on the working 

contour, connect them with undisturbed rocks in the depths of the massif [6].  

For all the types of roof bolting, selecting the diameters of the hole and the rod 

is very important. Their ratio should provide a reliable connection of the rod with the 

massif throughout the depth of the hole. To select the diameters, industrial tests of the 

roof bolting in the mine are carried out. Using special jacks with the force of 10 to 12 

tons, the anchor is pulled out of the hole. 

The most common design is a reinforced polymer anchor (figure 1.22). The 

advantage of steel polymer anchors is reducing the diameter of the hole to 26-28 mm, 

which, when using foreign high-performance drilling equipment, ampoules with 

quick hardening resins, twisted anchors, will reduce the drilling and mounting time of 

the anchor to 2-3 minutes and increase the speed of driving mine workings. 

 

 
 

a                     b                       c                      d                        e 
 

а - drilling hole; b - extracting drill rod; c - mounting cartridges; d - mounting anchors; e - 

screwing in anchors 
 

Figure 1.22 – Steel-or reinforced polymer anchor 

 

The types of the roof bolting are as follows: Atlas Copso Swellex type tubular 

spacer; Hammer tubular (its diameter is larger than the diameter of the hole, with 

mounting in the hole with a hammer drill) of the Split Set type; the Ingersoll Rand 

Co., reinforced concrete (a steel bar is fastened to the massif with a cement mixture 

that is gaining strength for approximately one shift); steel-polymer (the fastening of a 

steel rod with the massif is performed with polymer resins) (figure 1.23). 
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Figure 1.23 – Tubular spacer roof bolting of the Swellex type, the Atlas Copсo Co 

 

Expandable anchors of the Sandvik  Sandvik Mining and Construction 

Company  

The technology of using cable anchors is expensive and does not always 

achieve a desired result. Cable anchors are used to bind large masses of rock, the 

cable length is 6…25 m, one or two cables per hole; there can be centering 

thickenings on the cable (figure 1.24). 

 
                                        

 
 

                 а                            b                                                          c 
 

а – supporting the enclosing rocks; b – supporting the ore body contours; c – cable 
 

Figure 1.24 – Supporting the ore massif with cable anchors 

 

The Sandvik RX 300 anchor is an expandable anchor (ERB) that is pumped 

with high pressure water and strengthens the rock due to friction. The expansion of 

the pipe develops friction forces holding the anchor in the rock. The advantages of 

expandable anchors are as follows: quick, easy mounting; cement mortars and 

polymers are not required to fix it; cost-effective in most development conditions 

from soft to hard rocks; assembly pumps provide automatic mounting quality control 

(figure 1.25). 

 

Ore body 



27 

       
 

                        а                                               b                                          c 

 

           
 

                        d                                             e                                           f 
 

а – in assembly; b – not fixed (not expanded before expanding – e); c, d – fixed; f – 

expanded 
 

Figure 1.25 – Expandable anchor of the Sandvik RX 300 Company 
 

To combine the processes of hole drilling and mounting the roof bolting there 

was developed a single-step anchor GW 25 (figure 1.26). 

 

 
 

a                                                     b                                                                c 
 

a – drilling; b – single-step anchor; c – squeezing the polymer fixing composition 
 

Figure 1.26 – Single-step anchor 

 

The analysis shows that at the Kazakhmys Corporation LLC, and, in particular, 

at the Nurkazgan mine, the majority of injuries are associated with the collapse of the 
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rock massif from the roof of the supported mine workings. The roof bolting in 

combination with shotcrete is used as a tool of supporting workings at the mine. At 

the Nurkazgan mine, measures to improve the supporting technology can be 

recommended, which are as follows: the diameter of the hole should not exceed the 

diameter of the anchor by more than 11 mm; mandatory control over the behavior of 

the massif, the adoption of operational measures to strengthen the workings, carrying 

out extensometric control by mounting two-level sensors: reference stations; 

according to the results, identifying failures in the elements of the roof bolting and 

the compliance of anchors, ampoules with standard requirements; it is necessary to 

mount an anchor with pre-tensioning the rod (use ampoules with accelerated and 

slow hardening time) and be sure to glue it along the entire length; when peeling 

rocks to the height equal to the length of the anchor, it is more mandatory to mount 

rope anchors. 

 

1.2.1.3 Technological Schemes of Supporting Roof Rocks with Reinforcing 

Cages at the South-Zhezkazgan Ore Mine of the Zhezkazgantsvetmet PC 

In the conditions of the South-Zhezkazgan ore mine at Zhezkazgantsvetmet PC 

[7], there were tested SZA reinforcement cages manufactured by UralEnergoResurs 

LLC with the dimensions of 980x980 mm and the diameter of 39 mm, including the 

2.45 m, 2.25 m and 3.0 m long. 

Self-locking roof bolting SZA is designed for supporting the roof, walls of 

underground mine workings and tunnels, sides and ledges of the quarry during the 

development of ore, non-metallic and placer deposits. Depending on the mining and 

geological conditions, SZA roof bolting is used independently and as a part of a 

reinforced combined support of the SZA-UKK, SZA-Armokrep type. 

Self-locking roof bolting provides reducing labor costs for supporting mine 

workings, a high degree of mechanization, safety of work with fixing the anchor in 

the hole due to the elastic properties of the metal. Working in tension, the anchors 

keep the supported rocks from stratification, displacement and collapse. The 

compliance of the ratio of the diameters of the hole and the anchor ensures the 

maximum bearing capacity, which is developed immediately after mounting the 

anchor in the hole and amounts to 70 kN (7t). 

A base plate mounted on the tail end holds the rock in the area of the “fall 

pyramid” between the anchors. 

Self-locking roof bolting SZA (figure 1.27) consists of: 1 – an anchor (a 

cylindrical metal rod of a special profile); 2 – cylindrical bushings (cylindrical rings); 

3 – a base plate (a volumetric plate). 
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Figure 1.27 – Self-locking roof bolting SZA 

 

The competitive advantages of self-locking roof bolting are as follows: the 

possibility of using fixing compositions based on cements or polymers, which 

reduces the costs associated with mounting; increasing the safety of work due to the 

absence of workers during mounting anchors under the unsupported massif; reducing 

labor costs (it requires a rig operator and 2 assistants); the support structure has 

sufficient pliability, which allows it being used in shock-hazardous deposits and 

when supporting unstable rocks as a part of reinforced combined supports; modern 

anti-corrosion coating of anchors, made in accordance with the requirements of 

regulatory documents allows using them in aggressive mine environments, increasing 

the service life and reliability of the roof bolting; anchors they come into operation 

immediately after their mounting, which allows drilling and blasting operations in the 

face with the minimum lag; the use of existing drilling equipment, both self-propelled 

and portable; high bearing capacity of the anchor and the presence of a base plate 

allow increasing the distance between the rods, thereby reducing the amount of work 

for drilling holes for anchors; intensification of the mine workings driving due to the 

significant reduction of the supporting time. 

In chamber No. 13 of the northern panel 3-(7-1) in the conditions of the South 

Zhezkazgan ore mine at the Zhezkazgantsvetmet PC, there was approbated mounting 

3 m long anchors with the diameter of 39 mm with reinforcing cages. 

The condition of the site is shown in figure 1.28 during pilot industrial tests of 

the anchors in chamber No.13 of the northern panel 3-(7-1) of mine 45 [8]. 

When testing the anchors in the 32-south panel, the 3-west chamber, there were 

mounted 45 anchors with the diameter of 39 mm and the length of 2.4 m with 

reinforcing cages. A part (10%) of the anchors were bent during mounting with the 

supporting density of 0.8x0.8 m. 

After blasting, siltstone exfoliated on the newly formed roof. In the area 

supported with the anchors with reinforcing cages, rock detachment also occurred, 

while the exfoliated rocks hovered on the cages. Due to the presence of delamination 

on the cages, the supported area was made secure (protected against the danger). 
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                           а                                                                                b 
 

а – with sheared anchors; b – bent and sheared anchors 
 

Figure 1.28 – The working roof condition after making the workplace secure 
 

The optimal operating conditions for the roof bolting SZA in the capital and 

development workings are determined based on the testing the designs of the SZA 

with reinforcing cages and shotcrete in tunnel workings in unstable rocks. The 

designs of the reinforcing cage versions of the SZA support forms the conditions for 

replacing heavy metal supports such as the SVP arch in rocks of the weak stability 

category with testing at the Kosmuryn, Abyz and Zhomart ore mines. 

To form the conditions for the use of the SZA type roof bolting with 

reinforcing cages and to reduce the volume of reinforcement, there was considered 

the possibility of increasing the step of the roof bolting lagging from the bottom of 

the face at the time of drilling and blasting. 

 

1.2.2 Technology, Types and Methods of Supporting Mine Workings in Coal 

Mines 

 

1.2.2.1 Assessment of Mining-geological, Mining and Operational Parameters 

of Mining and Development in Coal Mines 

At present, in the majority of mining enterprises of the coal industry, there are 

traditionally used prop, mixed and frame supports to support workings, especially 

wide mine workings and their junctions. In comparison with them, the tools of 

contour and deep laying of the roof, sides and bed with multi-contour supporting the 

rock massif have the following advantages: low material costs and metal 

consumption; low labor input during delivery and mounting; they do not interfere 

with the passage of people and transporting the equipment; they do not require re-

mounting of the support when mounting the equipment in the mine working. 

To ensure a stable state of workings and junctions for the entire period of 

operation, most appropriate is the use of contour and multi-purpose laying of the 

level supporting, where, in addition to the first level support, deep-laid tools are used. 

Multilevel supporting of workings and junctions allows achieving the following 
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positive results: saving material costs; low labor input in the delivery and mounting 

of supports; unhindered passage of people and transportation of equipment; increased 

safety when mounting the mechanized complex in the mounting chambers. 

The contour technology of supporting the enclosing rocks around the mine 

workings is intended for use in the coal and ore branches of the mining industry to 

strengthen the support of the development mine workings; for supporting the 

mounting chambers; supporting development workings behind the breakage face; 

reducing defects and increasing stability of capital and development mine workings; 

driving mine workings in disturbed seams with unstable enclosing rocks, in outburst 

hazardous seams. 

Table 1.4 shows the factors caused by the mining-geological features of the 

development in the countries with the developed coal industry [9] and technological 

features of the coal deposits operation. 

 

Table 1.4 – Factors caused by mining-geological and technological features of coal 

deposit operation 
 

Parameters Germany China Australia USA 

CIS 

Karagan

da basin 

Donetsk 

basin 

Kuznetsk 

basin 

1 2 3 4 5 6 7 8 

Mining-geological conditions of the development 

Development depth, m 1000 600 260 360 450-700 600-900 450-600 

Vertical component of 

rock pressure рn, МPа 
25 15 6,5 9 15 25 10 

Horizontal component 

of rock pressure рr, 

МPа  

 

25 

 

22.5 

 

13 

 

18 

 

15 

 

20 

 

10 

Thickness of the coal 

seams bedding, m 2.0 2.5 3.1 2.2 

1.0-8.5/ 

average 

2.28 

1.13 2.23 

Angle of the coal 

seams bedding , deg. 

5-10, not 

more than 

15 

not 

more 

than 5 

not 

more 

than 5 

not 

more 

than 5 

7-25 10-35 5-15 

Roof rocks, МPа 

From 

mudstones 

to 

sandstones 

Rсж=35-80 

From 

mudsto

nes to 

sandsto

nes 

Rсж= 

35-70 

From 

mudsto

nes to 

sandsto

nes, 

partiall

y coal 

Rсж= 

25-80 

From 

mudston

es to 

sandsto

nes 

and li 

mesto 

nes 

Rсж= 

30-80 

от From 

mudston

es to 

sandston

es 

Rсж= 

27-80 

Rсж= 

40-80 

Rсж= 

40-80 

 

Bed rocks yсж strength 

for uniaxial 

compression, МPа  

Mudstones 

and coal 

interlayers 

 Rсж=45 

Mudston

es cros 

sed with 

roots   

Rсж=45 

Mudsto

nes 

Rсж=40 

Mudsto

nes, par 

tially 

sandsto

nes 

Rсж=40 

Mudston

es 

Rсж=40 Rсж=40 
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Continuation of table 1.4 

 

1 2 3 4 5 6 7 8 

Using the roof bolting supporting  technology in the development workings 

Scheme of working 

areas preparation 
RFVS RFVS RFVS RFVS 

RFVS/D

FVS 

RFVS/

DFVS 

RFVS/

DFVS 

Leaving pillars No 
Yes, 

rigid 

Yes, 

pliable 

Acc. to 

special 

project 

no 

With 

pillars 

develop

ment 

Pillar width, m 0 80-130 10-20 - 0-15 0 

Working section 

shape 
arched 

rectang

ular 

rectang

ular 

rectang

ular 

rectan 

gular 

/combined 

rectang

ular/co

mbined 

rectang

ular 

Working height, m 4-4.8 2.5-4 2.5-5 2-4 3.5-3.7 
3.5-3.7 

3.5-3.7 
3.5-3.7 

Working width, m 6.0-7.5 5.0-5.8 4.5-6.0 5-6 5.5-6.5 
5.5-6.5 

5.5-6.5 
5.5-6.5 

Coal-cutting with 

stone: roof 
yes Yes 

someti

mes 
no no yes no 

bed yes Yes 
someti

mes 
no no yes no 

Technological factors 

Anchor diameter, m 25.0-30.5 22 19-21 16-19 22 22 22 

Anchor length in the 

rock, m 
2.1-2.4 2.1-2.4 1.5-2.4 2.1-2.4 2.3 (2.9) 

2.3 

(2.9) 

2.3 

(2.9) 

Calculated bearing 

capacity, kN ( on the 

material) 

360-540 310 220-320 150-220 250/130 250/130 250/130 

Mounting density, 

anchor /m
2
: 

                  roof 

                  sides 

1.4-2.2 

0.5-1.2 

1.1-3.0 

0.3-0.9 

0.5-0.7 

0.11-0.23 

0.4-0.7 

0.09-0.15 

1.0-1.5 

0.6-0.7 

1.0-1.5 

0.6-0.7 

1.0-1.5 

0.6-0.7 

Note – DFVS and RFVS: direct-flow and return-flow ventilation schemes 

 

In the Karaganda coal mines of Central Kazakhstan (the Coal Department of 

the ArcelorMittal Temirtau JSC, AMT), the mine workings have both arched and 

rectangular sections. The technological factors of operation of the roof bolting 

systems are presented, which show that the effective and reliable supporting with the 

roof bolting (in its pure form) of development workings in the presence of weak 

fractured rocks in the roof (with rock uniaxial compression strength Rcж not more 

than 35 MPa and roof displacements up to 0.15 m), at great depths and in various 

zones of the stoping impact, can be provided with the use of steel polymer anchors 

fixed along the entire length of the hole with quick-hardening resins of the bearing 

capacity 250-300 kN and the length of 2-3 m for the use in difficult geological 

conditions (underworking, part-time work, reference pressure zones, increased rock 

pressure), they are reinforced with special anchors 5 m long (up to 6-7 m) with strong 

roof rocks with Rcж not less than 35 MPa and combined support (in combination with 

metal arch) for weak roof rocks with Rcж at least 35 MPa. 
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There was assessed the impact of the factors caused by the use of the roof 

bolting technology in the workings, the vertical and horizontal components of the 

load criterion of the rock massif, and the technological conditions for using the roof 

bolting in the countries with the developed coal industry [10]. 

The contour supporting system ensures for the given massif inherent strength 

maintaining, so that it becomes self-supporting. The main task in the formation of the 

supporting beam is to resist the rock layers displacement along horizontal beds. 

The mounting of supports near the bottom provides relative insignificance of 

the rock displacement and maximum adhesion between the individual parts. 

Preserving such adhesion is an indispensable condition for the self-supporting of the 

rock massif, and any loss of adhesion leads to a significant loss of strength. 

The roof bolting is intended for use in mining operations throughout the entire 

service life of mine workings in various mining-geological and mining conditions, 

including zones of intense high rock pressure, in coal mine workings, in weak 

fractured rocks, in impact and outburst formations, in under- and overworked areas of 

mine fields. 

Selecting the type and parameters of the roof bolting depends on a lot of 

geological, mining-technical and economic factors that include the structure and 

physical-and-mechanical characteristics of rocks, the degree of disturbance and water 

content of deposits, the depth of development, the distance between the seams, the 

configuration, purpose and service life of the working, conditions of its operation, the 

cost, scarcity and strength properties of the materials of the roof bolting, adaptability 

of manufacturing and building the support, etc [11, 12]. 

The anchor system supports the rock, limiting deformations and, due to 

horizontal stress, holds the roof, preventing it from collapsing. The maximum 

possible relative deformation of the mining roof rocks supported by anchors should 

not exceed 2%; the roofs usually collapse beyond this value. 

An independent roof bolting is not usually used when mining in particularly 

complicated geological conditions: in the areas of high rock pressure under and over 

pillars and marginal parts on adjacent layers in the areas of discontinuous geological 

disturbances with crushed and flooded (cakes, jets, etc.) rocks; in the presence of 

weathered, ductile enclosing rocks; crease locks; massifs with weathered and plastic 

rocks. 

With stable roof rocks with compressive strength of more than 35 MPa, it is 

possible to use an independent roof bolting with controlling roof rock deformations. 

The use of roof bolting is recommended in mine workings and junctions with 

the service life of up to 10 years in dry roof rocks and with air humidity lower than 

85%. 

In mine workings with waterlogged rocks, their softening occurs, and 

therefore, the calculated resistance of the rocks to compression should be adjusted 

due to their moisturizing. 

The use of a single-level roof bolting for supporting workings is not allowed in 

the areas of geological disturbances, weathered and flooded rocks (dripping from the 

roof). 

Mine workings supported in not under- and overworked, as well as in 
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completely over- and underworked massifs at distances, are considered respectively 

greater than the width of the mine working and twelve seam thicknesses. 

The use of roof bolting as the only means of supporting the workings in such 

areas is not allowed, however, taking into account the calculation of changes in rock 

displacements in the mine workings (with their limits within the permissible range of 

up to 150 mm) located in parts of the HRP and RRP zones, directed hydraulic 

fracturing wells, it is possible to use the roof bolting after determining the expected 

displacement of the roof.  

To support the workings behind the long-wall face (direct-flow ventilation 

scheme), it is necessary to use an anchor-frame support; when liquidating the 

workings behind the lava (return-flow ventilation scheme) the anchor and retaining 

support (frame with anchors, hydraulic prop, two-level anchoring). 

When using foreign high-performance drilling equipment, ampoules with quick 

hardening resins, twisted anchors, this will reduce the drilling and mounting time of 

the anchor to 2-3 minutes and will provide increasing the speed of driving mine 

workings. 

Figure 1.29 shows typical schemes of supporting the roof of junctions using the 

roof bolting. 

 

    
а                                                        b 

 
 

a - longitudinal arrangement of rope anchors; b - concentrated supporting with rope anchors 

and mounting the repair under the profile 
 

Figure 1.29 – Schemes of supporting the junction roof using the roof bolting 

 

Inclined anchor 

 

Vertical anchor 

 

Elongated anchor 

 

 

Pickup on the roof. 
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In the coal mines of Karaganda the workings of the arched form are used, 

having the width of 5.63 m and the height of 3.6 m. When using workings with a 

combined type of supporting (metal-arch and anchor), up to 13 anchors 2.4 m long 

are used. Rectangular workings have the width of 4.6 m and the height of 4 m or 4.6 

m at 2.9-3.8 m in the case of the transverse slope of the workings. 

In technological schemes of supporting mine workings with anchoring, 15 to 

18 anchor/m are used. The sides are usually supported by two anchors on each side 

per linear meter. 

In coal mines of the Karaganda region, mining tunnels are used for mining, and 

portable pneumatic drilling rigs (SuperTurbo) are used to mount the anchors. 

Mounting the anchors is performed close to the stope face (1 m cut). Air compressors 

are required at the face exit. 

In technological schemes of supporting mine workings with the roof bolting, 

15 to 18 anchor/m are used. The sides are usually supported by two anchors on each 

side per linear meter. 

In coal mines of the Karaganda region, mining tunnels are used for driving 

mine workings, and portable pneumatic drilling rigs (SuperTurbo) are used to mount 

the anchors. The anchors are mounted close to the stope face (1m cut). Air 

compressors are required at the face exit. 

Schemes of supporting mine workings with the roof bolting used in the mines 

of the Karaganda coal basin (for the conditions of the Kazakhstanskaya mine) are 

shown in figures 1.30, 1.31, 1.32. 

 

 
 

Figure 1.30 – Technology of arranging the roof bolting in the 194д6-с gas draining 

roadway face 
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Figure 1.31 – Technology of arranging the roof bolting of the 32д1-з-01 

belt roadway face 

 

 
 

Figure 1.32 – Technology of arranging the roof bolting in the 32д1-з 

belt roadway face 

 

The efficiency of using the roof bolting is determined by the physical and 

mechanical properties of the rocks, the shape of the working cross section, the length 

and location of the anchors along the contour of the mine. The trouble-free reliable 

supporting of the development workings with the roof bolting depends not only on 

the layout of the anchors but also on their length and density of mounting [13]. 

 

1.2.2.2 Technological Schemes of Supporting Workings ahead of the Long-

wall Face in the Reference Pressure Zone 

An example is presented on the roof supporting passport of the 61к12-з belt 

roadway in the reference pressure zone from the long-wall face of the Saranskaya 

mine (the Karaganda coal basin, Republic of Kazakhstan) (figure 1.33). 

Untimely supporting of the working ahead of the long-wall face by rope 

anchors led to its severe deformation, when for the moving of the drive stations of the 

local reloader the working sides were dismantled with a jackhammer. 
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Figure 1.33 – Passport of supporting the roof of the 61к12–з belt roadway of the 

Saranskaya mine in the reference pressure zone 

 

1.3 Assessing the Problem and Forming the Studies Pattern Structure 

The growing depth of the development, the intensity of mining operations, the 

constant dynamics of changing the strength parameters of the massif during the 

construction of underground artificial cavities require a comprehensive solution of 

these problems to ensure the efficiency of mining. 

Underground mine workings of coal mines are driven and supported in various 

mining-geological and mining-operating conditions, including those with 

complicating factors: zones of high and reference rock pressure, under- and 

overworking of the developed coal seams, the presence of geological disturbances in 

various mining development schemes. 

To increase the efficiency of supporting the massif around the mine working 

with its hardening, a targeted geotechnological impact on stress-strain zones with 

active manifestations of pressure around the mine workings is required using the 

simulation results of the enclosing rock-support system. 

Therefore, one of the relevant areas is the development and application of high-

tech methods, low-cost active tools of supporting mine workings with a high 

economic effect, excluding cases of roof collapse in the areas of high rock pressure; 

developing an effective technology of supporting the workings, taking into account 

the stress-strain state of the contour rock massif around the workings. 

In the dissertation there has been used the scientific and practical approach 

with the analysis of the mine workings stability in the mines of the Karaganda coal 

basin and the establishment of rock pressure manifestation patterns depending on 

geological factors and mining conditions based on computer simulation of 

geomechanical processes in the enclosing coal-rock massif with developing 

innovative technological decisions and their approbation in experimental industrial 

mine conditions. 
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2 MONITORING AND MINE INDUSTRIAL COMPLEX 

OBSERVATIONS, ANALYSIS, ASSESSMENT OF STABILITY AND 

DEFECTIVENESS OF MINE WORKINGS OF THE KARAGANDA COAL 

BASIN MINES 

 

One of the priority tasks for the development of the Karaganda coal basin 

mines is reducing the cost of coal mining and tunneling by increasing the use of the 

roof bolting of underground workings (out of 70 km of mine workings 51 km with 

the roof bolting) with an increase in mining and preparatory work (sinking) from 60 

to 70 km with growing the pace of their advancing. At this, there are restrictions on 

the lag in terms of introducing new deeper levels for replenishment of depleted 

reserves with increasing the specific volume of penetration per 1000 tons of 

production (5.45 to 6.3) with growing the number of development faces (from 46 to 

63) [14, 15]. 

The aim of the research carried out in the dissertation is developing the 

technology of active supporting the contour zones around the working, taking into 

account the parameters of the stress-strain state of the enclosing rock massif with 

developing an equilibrium interacting structure «enclosing massif – rigid support». 

There were conducted mining observations of the underground mine workings 

state supported using various types of supports near geological disturbances, in the 

zone of increased and reference rock pressure impact (from under- and overwork), 

when changing the elements of the coal seam bedding. 

There were estimated the deformation processes and patterns of interaction 

between the support and the rock massif in the workings, predicted displacements of 

the contour rock massif of the mine workings, determined the mechanism of rock 

deformation in the structurally disturbed heterogeneous rock massif with the support 

parameters established in the development, capital and other workings, taking into 

account geomechanical conditions of driving and supporting mine workings. 

The technological passports of driving and supporting, the mining-geological 

and mining-technical information, the data of the dynamics of rock pressure 

manifestations on the contours of the analyzed workings in complicated operating 

conditions were analyzed to develop recommendations for improving their condition. 

Mine production observations of the dynamics of the enclosing rocks the 

displacements and stability of the mine workings contours were carried out on the 

example of the Abayskaya mine of the Karaganda coal basin, drainage drift 222к19-с. 

 

2.1 Mine Production Observations of the Enclosing Rocks Displacement 

Dynamics and Stability of the Mine Workings Contours of Drainage Drift 

222к19-с at the Abayskaya Mine of the Karaganda Coal Basin 

Drainage drift 222к19-с 580 m long is cut from the northern vent drift of the к19 

seam with PK6 and is driven in the north and north-west directions with a variation in 

the angle of inclination of the mine working from +5 to -7°. The depth of the mine 

from the surface is 266-239 m. The mine working is located in the rocks of the inter-

layer thickness к18-к19 to PK1+5 m, then along the к19 seam. An excerption of the 

mining plan along the к18 seam and the profile of the driven drainage drift 222к19-с 



39 

are presented in figures 2.1 and 2.2, respectively. 

 

 
 

Figure 2.1 – Excerption of the mining plan on the к18 seam 

 

 -100

 -110

 -120

Скв. № 8741

 0.9

 2.2

 1.9

 36.7

 3.3

 2

 0.75

 1.7

 1.5

 1

 6

 3.05

 0.7

 2.4

 0.8

4
 Â

î
ñò

 ê
î

íâ
 ø

òð
 Ê

7

Ã
à
çî

ä
ð
å
í
  

ø
òð

 5
1
 Ê

7
-â

 -90

 
 

Figure 2.2 – The driven 222к19-с drainage drift profile 
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The к19 seam has the total thickness from 2.2 to 5.6 m with the average value 

2.4 m with the total thickness of coal packs not more than 0.5 m. The structure of the 

seam is complex: it consists of 9-12 coal packs with the thickness of 0.05 to 0.15 m 

and 8-11 rock layers composed of mudstones, with the thickness of 0.08 to 0.55 m. 

The total ash content of the seam is over 60%, the coal mass is 28-29%, the yield of 

volatiles is up to 20%, the humidity of the seam is from 4.5 to 6.0%, and the bedding 

angles are 10-15°. 

Figure 2.3 presents a structural column of the к19 seam and physical-and-

mechanical properties of the coal-bearing thickness rocks. 

 

а                                                                       b 
 

а – structural column of the к19 seam; b – physical-and-mechanical properties of the coal-

bearing thickness rocks 
 

Figure 2.3 – Structural column of the к19 seam and physical-and-mechanical 

properties of the coal-bearing thickness rocks 
 

The enclosing rocks are represented by the following types: the main roof of 

the seam is composed of sandstones with the thickness of up to 18 m and strength of 

up to 55 MPa; mudstones with the thickness of up to 1.5 m and strength of up to 24 

MPa comprise the immediate roof of the seam; siltstones and mudstones lie in the 

bed of the seam, thickness up to 19.8 m with siltstones up to 35 MPa, mudstones up 

to 23 MPa. 

From the depth of 270 m, the к19 seam is classified as threatened by coal and 

gas outbursts. 

Stripping thee к19 seam is expected in the safe zone at the picket of 1+5.0 m at 

the depth of 237 m by the working roof from the side of the seam bed. It is expected 

that hazardous zones will be crossed by water breakthrough at exploration wells No. 

11148, 338, 6518 in the vicinity of pickets PK8-16 and 53-56, where slight water 
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inflow is possible, up to 3.0 m
3
/h. There was no intersection of tectonic faults. 

The main signs of the dangerous condition of the rocks and support are as 

follows: failure of nuts; rupture and loss of the rod; puff deformation; crack opening 

in the roof with crackling rocks; the appearance of constant «dripping». 

The method of driving a mine working using a GPKS tunneling machine with 

the cross-sectional area of 13.5 m
2
. The pace of development is on average 6 m per 

day. The technology provides for the use of a single-level roof bolting (pure form). 

Drilling holes for constructing and mounting the anchors are performed using the 

EXCHEM SUPER TURBO drilling anchor plant. For tightening the roof of the mine 

and the sides there is used the MM mesh. As the roofing anchor, metal АМВ 2.4 m 

long anchors with three АМК ampoules are used and for the side walls 1.8 m 

fiberglass anchors with two АМК ampoules, which were not actually mounted and 

were replaced with metal anchors 2.4 m in length. 

In the course of driving a working, the presence of reference station offsets was 

not detected. The working is driven along the line of stratification of mudstones with 

sandstones, the latter having a significant thickness of the order of 18 m, which 

explains good stability and the absence of deformation throughout the drainage drift. 

Having analyzed the passport of driving and supporting the 222к19-с drainage 

drift (figure 2.4) for compliance with mining-geological conditions and the 

geomechanical forecast, and having performed a survey for the production of works, 

the following was established: the number of anchors in the roof in the first row is 6 

pcs. with strips, in the secondraw it is 5 pieces under the MM mesh in the chessboard 

pattern; the number of anchors in the sides of the working is 6 pieces under the MM 

mesh; the distance between the anchors in a row in the roof is 0.8 m, in the sides 

0.5…0.6 m; the distance between the rows of anchors in the roof is 0.5 m, in the sides 

1.0 m; the length of the anchors in the roof of the mine working is 2.4 m, in the side 

walls 2.4 and 1.8 m; the number of AMK ampoules per hole: in the roof is 3 pcs., in 

the sides 2…3 pcs. 
 

 
 

Figure 2.4 – Technological passport of driving and supporting the 

222к19-с drainage drift 
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Figure 2.5 shows a panorama of the roof support of the 222к19-с drainage drift 

at the Abayskaya mine. 

 

          
 

а                                                                                    b 
 

а – in the working face; b – in operation 
 

Figure 2.5 – A panorama of supporting the 222к19-с drainage drift roof at the 

Abayskaya mine 

 

As a result of the field observations in the 312д7-з vent drift there was 

established the dependence of the displacement dynamics of the roof, sides and bed 

rocks in tine (figure 2.6) [16]. 

 

 
 

Figure 2.6 – Mine rocks displacement dynamics (cumulative total) around the 222к19-

с drainage drift contour at the Abayskaya mine 

 

Within the period of observations (50 days) the roof rock displacement reached 

0.35 m, sides 0.3 м with the soil heaving of 0.42 m. 

Changing the cross sectional area at the pickets is shown in figure 2.7 [17]. 
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Figure 2.7 – Changing the cross sectional area at the pickets 

 

According to the passport (for the length of driving 80 m), the total cost of 

supporting the working by the element “support materials” was to be 3862895 tenges. 

The actual value amounted to 4043256 tenges, i.e. it was exceeded by 180361 tenges 

due to the absence of fiberglass anchors 1.8 m long, which were replaced by metal 

anchors 2.4 m long, which led to increase consumption of AMK fixing ampoules 0.6 

m long (tables 2.1, 2.2). 

 

Table 2.1 – Planned consumption of support materials of the 222к19-с drainage drift 

at the Abayskaya mine for 1 running m from PK16 to PK24 
 

Name Size, m Amount 
Price per 

unit, tg 
Total cost, tg 

Metal anchor AMB  

+nut М22+support plate 
2.4 13 1718.63 22 342.19 

Plastic anchor 

+nut +support plate 
1.8 4 1 405 5 620 

ММ mesh 1.225х1.22 10 794 7 940 

Strips 4.4 1 2164 2 164 

АМК ampoules 0.6 30 250 7 500 

АМК ampoules 0.3 17 125 2 125 

Device for holding ampoules in 

the hole 
 17 35 595 

Total: 48 286 

 

 

 

 



44 

Table 2.2 – Actual consumption of the support materials per 1 run. m from picket 

PК16 to PК24 
 

Name Size Amount 
Price  per 

1 unit, tg 
Total cost, tg 

Metal anchor АМВ  

+nut М22+support plate 
2.4 17 1718.63 29 216 

ММ mesh 1.8 10 794 7 940 

Strips 1.225х1.22 1 2 164 2 164 

АМК ampoules 4.4 34 250 8 500 

АМК ampoules 0.6 17 125 2 125 

Device for holding ampoules in 

the hole 
0.3 17 35 595 

 

Total: 

 

50 540 

 

When changing the 222к19-с drainage drift orientation relative to the elements 

of bedding, the corrected technological passport is applied (with the working roof 

parallel to the bedding planes) (figure 2.8). 

 

 
 

Figure 2.8 – Passport of supporting the 222к19-с drainage drift when changing 

orientation relative to the seam angle of incidence   

 

Figure 2.9 shows the technology of supporting the 222к19-с drainage drift in 

the drifting face [18].   
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                                      а                                                                            б 
 

а - technology; b - system of supporting 
 

Figure 2.9 – Technology and the system of supporting the 222к19-с the 222к19-с 

drainage drift in the drifting face  

 

Figure 2.10 shows the dynamics of the rock massif displacements development 

in the sides of the mine working. The displacements of the working sides are subject 

to a power law, characterized by maximum displacements during the first month and 

decreasing the intensity of displacements over time. 
 

      

y = 2128.3x-0.0029

R2 = 0.9046

0 2 4 6 8 10 12 14  
days 

 

Figure 2.10 – Dynamics of changing displacements (mm) of the right and left sides 

rocks (the sides convergence) over time (days)  

 

Figure 2.11 shows the working roof rocks displacement. 
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y = 2564x-0.025

R2 = 0.8957

0 2 4 6 8 10 12 14
days 

 
 

Figure 2.11 – The roof rocks displacement (decreasing the working height, mm) over 

time (days) 

 

Figure 2.12 presents a panorama of the roof (a) and sides (b) displacements of 

the 222к19-с drainage drift. 

 

                            
                    

а                                                                     b 

a – displacements of the roof; b – displacements of the sides 
 

Figure 2.12 – Panorama of displacements  

of the 222к19-с drainage drift 

 

Proposals for improving the work when driving during the 222к19-с drainage 

drift at the Abayskaya mine. Two versions of the support passport were proposed, 

which in the future could be applied when driving drainage workings. 

Version 1. Given a short working life of the mine working and favorable 

mining-geological conditions, for supporting the sides there are used short metal 

anchors 1.2 m long, mounting them on two ampoules 300 mm long. The use of this 

technological solution will optimize and reduce material costs for the element 

“support materials” in comparison with the design passport for supporting in the 

amount of 3,912 tenge per 1 run. m, and at the same time increase the rate of 

advancing (table 2.3). 
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Table 2.3 – Design consumption of support materials per 1 running m of the 

optimized passport for driving the к19  drainage drift (version 1) 
 

Name Size, m Amount 
Price per 

unit, tg 
Total cost, tg 

Metal anchor AMB  

+nut М22+support plate 
2.4 9 1718.63 15 467 

Metal anchor AMB  

+nut М22+support plate 
1.2 4 1 115.63 4 462.52 

ММ mesh 1.225х1.22 10 794 7 940 

Strips 4.4 1 2 164 2 164 

АМК ampoules 0.6 18 250 4 500 

АМК ampoules 0.3 17 125 2 125 

Device for holding ampoules in 

the hole 
 13 35 455 

Total: 37 114 

 

Version 2. Given a short working life of the mine and favorable mining-

geological conditions, there is uses a welded coil mesh of 50x50 mm and the 

thickness of 5 mm to tighten the roof and sides of the mine working (figure 2.13), 

while supporting the sides with short metal anchors 1.2 m into two ampoules 300 mm 

long.  

 

    
 

  а                                                                         b 
 

а – design; b – mounting technology 
 

Figure 2.13 – Welded coil mesh 

 

The use of the technological solution will optimize and reduce material costs 

for the element “support materials” in comparison with the actual passport for 

supporting in the amount of 8 852 tenges per 1 run. m, reduce the metal consumption 

and the complexity of the work and at the same time increase the rate of advancing 

(table 2.4, figure 2.14). 

 

 

 



48 

Table 2.4 – Design consumption of support materials per 1 run. m of the optimized 

passport of driving the к19 drainage drift (version 2) 
 

Name Size, m Amount 
Price per 

unit, tg 
Total cost, tg 

Metal anchor AMB  

+nut М22+support plate 
2,4 9 1718,63 15 467 

Metal anchor AMB  

+nut М22+support plate 
1,2 4 1 115,63 4 462 

ММ mesh  15м
2 

200 3 000 

Strips 4,4 1 2 164 2 164 

АМК ampoules (fastened) 0,6 18 250 4 500 

АМК ampoules (slowed) 0,3 17 125 2 125 

Device for holding ampoules in 

the hole 
 13 35 455 

Total: 32 174 

 

Below there are presented the technical and economic calculations of the 

feasibility of the proposed engineering solutions. 

 

 
 

Figure 2.14 – Cost of the support materials consumption per 1 run.m of the working  

 

Figure 2.15 presents the comparison of cost for driving the 222к19-с drainage 

drift by the element «support materials». 
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Figure 2.15 – Comparison of cost for driving the 222к19-с drainage drift by the 

element «support materials»  

 

A promising trend is the use of polyester mesh for supporting the sides of mine 

workings with a short service life driven both in pure and mixed form, which is 

extremely important for the conditions of the Abayskaya mine. The mesh is a 

structure of interwoven strands of equal strength (figure 2.16). The advantages of the 

technology are its light weight; it is not subject to corrosion; increasing the 

supporting. 

 

          
а                                                                         b 

 

а – design; b – mounting technology 
 

Figure 2.16 – Polyester mesh for supporting mine working sides  

 

Figure 2.17 shows the technology of mounting a polyester mesh when driving 

a working. 
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а                                                                          b 

 

 
 

c 
 

а – plan; b – section; c – profile 
 

Figure 2.17 – Technology of mounting a polymer mesh in the working 

 

Mine production observations of the enclosing rocks displacements dynamics 

and stability of the workings contours on the example of the 222к19-с drainage drift 

of the Abayskaya mine of the Karaganda coal basin, show that the intense phase of 

deformations of the rocks of the enclosing massif is characteristic of the first days 

from the moment of the outcrop formation at the face front. 
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2.2 Numerical Simulation of Geomechanical Processes in the Enclosing Massif 

around the Workings 

The main research objectives include: modeling and establishing the patterns of 

rock pressure redistribution and the nature and parameters of rock displacements, 

taking into account the structure of the surrounding massif [19, 20]. 

If the acting stresses do not exceed a certain critical value or if the rocks are 

capable of manifesting significant plastic deformations, brittle fracture of the rocks 

does not occur [21], and after a relatively quiet elastic deformation, plastic 

deformations develop both without breaking the continuity (plastic flow) and with a 

break, i.e. destruction.  

The area of the rock massif around the workings, in which plastic, viscous 

deformations and fracture appear [22], makes up the so-called zone of inelastic 

deformations. The parameters of the zone of inelastic deformations characterize the 

state of the working, they are the initial ones for the selection and calculation of the 

support, and therefore, their determining is the ultimate goal of theoretical and 

experimental studies.  

The variety of mining-geological and mining-operating conditions of the 

workings and the associated mechanism of interaction between rocks and supports 

provides the emergence of a number of different geomechanical models of the rock 

mass state around the mine workings. The most promising is mathematical modeling 

with a personal computer [23] using the numerical finite difference method. 

For the technological scheme of the mining development, when the mine 

working borders the massif on one side, and the worked out space on the other side, 

the displacements from the bed and the roof are determined at the boundary of the 

mined space. The size of the zone of inelastic deformations is in compliance with the 

balance of forces in the zone of residual reference pressure and in the unloading zone.  

The following indicators are used as initial data for predicting displacements: 

the development depth, m; the volumetric weight of rocks, kN/m
3
; the geological 

section of the driven working with the parameters of the layer thickness and the 

physical-and-mechanical properties of the corresponding layer (compressive and 

tensile strength, adhesion coefficient, etc.), of the inclination angle of the rock layers, 

degrees; the cross-sectional shape of the mine working and its geometric dimensions 

[24, 25].  

Computer modeling of geomechanical processes in the enclosing coal-rock 

masifs around the 222к19-с drainage drift  at the Abayskaya mine of the Karaganda 

coal basin 

In order to assess the stress-strain state of the massif (SSS) adjacent to the 

contours of the studied mine workings, digital modeling was performed using the 

demo version of the FLAC 7.0 computer program (Version 7.0) [26]. 

Figure 2.18 shows the results of computer simulation of geomechanical 

processes in the enclosing coal-rock massif in order to assess the stress-strain state of 

the massif (SSS) adjacent to the 222к19-с drainage drift at the Abayskaya mine of the 

Karaganda coal basin.  

When building the model, the following parameters are introduced (Flac 7.0 

Itasca software, USA, demo version): the production parameters (width, height, 
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cross-section); the thickness of rock layers; the bedding angle of rocks; fracturing of 

the massif and physical-and-mechanical and strength parameters: the modulus of 

elasticity; the Poisson ratio; the volumetric weight of rocks; ultimate compressive 

strength; ultimate tensile strength; the angle of internal friction. After calculating the 

program based on the stresses distributed around the mine working, a rock collapse 

dome is selected based on the rock compression resistance. 

 

                 
 

                       а                                            b                                             c  
 

а – model; b – displacement legend; c – simulation 
 

Figure 2.18 – Results of numerical simulation of the 222к19-с drainage drift SSS at 

the Abayskaya mine 

 

According to the simulation results, an arch of unstable rocks 3.65 m high is 

formed in the roof of the 222к19-с drainage drift at the Abayskaya mine, 3.36 m in the 

bed, 1.55 m in the left side, 1.5 m in the right side. 

The expected maximum load from the weight of the rocks (Рп) of inelastic 

deformations of the conditional zone will be 273.8 kN/m
2
: 

 

Рм=m γ  nп=3,65*25*3=273,8 кН/м
2
 

 

where m – the thickness of inelastic  deformations in the conditional zone, m; 

γ – the volumetric weight of the rocks, kN/m
3
; 

nп – the overload coefficient. 

The density of the anchors mounting is: 

 

                                         n=Pм/Рн=273,8/130=2,1 анк./м
2 

 

where Рн – the design bearing capacity of the anchor, kN. 

The density of the anchors in the area under consideration should be at least 13 

anchors per running meter, which coincides with the passport of supporting the 

222к19-с drainage drift at the Abayskaya mine. 

To ensure safe conditions, due to the roof arch value (3.65 m) exceeding the 

length of a standard steel-polymer anchor (2.4 m), it is recommended in the case of 



53 

occurring domes, to pump hardening compounds (chemical hardening); in case of 

losong stability of the roof rocks, to provide measures for strengthening the support 

(transferring to a mixed type of support, strengthening the massif by injecting 

hardening compounds, strengthening the support by mounting additional anchors, 

additional strengthening props) [27].  

The established regularities of the deformed state of the enclosing rock massif 

will allow, under specific operating conditions, establishing the optimal supporting 

parameters to increase stability of the development mine workings. 
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3 STUDIES TO ESTABLISH THE DEFINING PARAMETERS OF THE 

CONTOUR SUPPORTING OF MINE WORKINGS, TAKING INTO 

ACCOUNT THE STRESS STATE OF THE CONTOUR MASSIF 

 

3.1 Developing Technological Approaches to Determine the Efficient 

Operating Conditions of Mine Workings 

Methods of determining the support parameters are based on the results of 

experimental studies and analytical calculations using geomechanical models. 

Numerical models make it possible to obtain results of the stress-strain state 

(SSS) of the massif, taking into account the geological structure and physical-and-

mechanical properties of the rocks. Models can reproduce a wide range of forms of 

destruction characteristic of underground conditions. Modeling allows optimal 

planning the mining operations and selecting a method of supporting based on 

comparison with the existing experience and providing the needed intensity of mining 

operations development [28]. 

The joint work of the support and the rock allows determining the parameters 

of the mine working support since it considers the existing model of the rock massif 

state around the mine working, the interaction of the support and the rock massif as a 

whole. Deformation begins with a shift along the bedding surfaces and substantially 

depends on changing the orientation of the main maximum horizontal stresses over 

the workings. 

 

3.1.1 The Stress-strain State of the Rock Massif when Supporting Workings in 

the Zone of Reference Pressure ahead of the Breakage Face 

Figure 3.1 shows a two-level supporting of a mine working in the zone of high 

rock pressure ahead of the long-wall face. To ensure the mine working stability when 

it falls into the zone of the stoping operations impact, it is necessary to mount anchors 

of the second level ahead of the zone of reference (increased IRP) rock pressure with 

their fixing in the areas not subject to stratification of the massif (outside the contour 

of the zone with developed fracturing), with the formation of the second level of the 

massif supporting, in which displacements of rocks will be prevented. This will 

improve the quality of supporting the long-wall face junctions with adjacent 

workings, to ensure labor safety, to relieve the load on the junction [29]. 

 

B

6 5 - 7 0
o

B
2

 
 

Figure 3.1 – The second level anchors arrangement with inclined coal seam bedding 
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For the numerical simulation, we used the demo version of the Flac7 program 

(USA). To calculate the parameters of the mine working support, a cross section is 

constructed at the most dangerous place of the predicted longitudinal section of the 

mine. The parameters of the physical-and-mechanical properties (elastic modulus; 

coefficient Poisson, adhesion, tension; bulk rock weight; adhesion coefficient; 

compressive and tensile strength; angle of internal friction) and technological 

conditions (production parameters (width, honeycomb, cross section); thickness of 

rock layers; bedding angle of the rocks; fracture of the massif; presence of PGD 

zones, hazardous zones from exploration wells) are introduced in the numerical 

model (figure 3.2a). 

The stress parameters are introduced, and the plastic model is calculated using 

the finite difference method and the stresses distributed around the mine, a rock 

collapse dome is established based on the rock compression resistance. 

  

 
 

Figure 3.2 – A numerical model for carrying out studies 

 

Figure 3.3 shows the development of deformations depending on the 

controllability of the seam rocks in the zone of reference pressure ahead of the long-

wall face when modeling the stress-strain state. 

Displacements in easily controlled rocks were 2.7 m; in average controllability 

2.4 mm; in hard-to-control (durable) rocks 2.0 m. To support the workings in the 

zone of reference pressure ahead of the long-wall face, the following conditions must 

be observed: the formation of the supporting beam with the first level anchors; rocks 

of the mine working roof outside the natural arch of pressure have smaller 

displacements and greater resistance to loads than rocks in the arch; displacements of 

the roof rocks behind the long-wall face lead to increasing the span of the arch of 

pressure by the value of the possible destruction of the mine working sides [30, 31]. 
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         а                                 b                                         c                                   d 
 

а – easily; b – medium; c – difficult-to-control rocks; d – stress scale 
 

Figure 3.3 – Deformation development depending on the rock controllability in the 

reference pressure zone ahead of the long-wall face 

 

The simulation shows that the integrity of the roof, strengthened with 2.4 m 

anchors, is maintained at horizontal stresses of up to 15-16 MPa. With horizontal 

stresses of 19 MPa and higher, the ultimate deformations can be increased due to the 

additional mounting of rope anchors and with increasing vertical stresses. 

When supporting the mine workings in the areas of increased rock (reference) 

pressure, the geomechanical bases of calculation are as follows: the formation of the 

supporting beam with the first-level anchors; the roof of the mine working outside the 

natural pressure arch has less displacements and greater resistance to loads than the 

rocks in the arch; the growth of displacements of the roof rocks lead to increasing the 

span of the arch of pressure by the value of possible destruction of the working sides 

and, accordingly, to significant increasing the size of the natural arch binding of the 

contour rock mass in the natural state of pressure to the overlying rocks with the help 

of deep-laid anchors leads to the suspension of the formed support beam of rocks to 

the stable massif and balancing the load on the mine working support [32, 33]. 

As a result of strengthening the support with rope anchors, the roof rocks 

contour massif strength increases at the junction of the long-wall face and the 

working, in the zones of reference pressure from the breakage face and the impact of 

the worked out space, and the load is redistributed to the drift support. The binding of 

the rock massif with deep-laid anchors ensures the delay of its displacement, and 

after the roof is placed behind the mechanized complex, the strengthened massif is 

supported by the destroyed rocks. 

 

3.1.2 Technological Factors Impact on the Conditions of Supporting Mine 

Working Contours 

Contour anchors inclination angle impact on the rock massif SSS 

Modeling the SSS around mine workings using the finite element method for 

the conditions of the Kuzembayev mine of the Karaganda coal basin using the Ansys 

software and methodological complex to assess the stress-strain state of the rock 

massif [34, 35]. 
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The mechanism of deformation, displacement, and collapse of rocks in the 

structurally disturbed heterogeneous rock massif has been studied using analytical 

modeling to estimate the SSS of the rock massif around the mine workings. 

There was studied the SSS of the rock massif using the Ansys software around 

the intermediate belt 48к7-з drift with the pillar-free mining of the mining column at 

the Kostenko mine in the Karaganda coal basin. 

The intermediate belt 48к7-з drift (figure 3.4, table 3.1) is driven along the к7 

seam with the total thickness of 1.72 m, with the dip angle of 3-70. The rocks of the 

seam roof are represented by mudstones with the thickness of 0.5-0.7 m and siltstones 

with the thickness of 5.3 m. The immediate roof is of medium stability. 

 

 
                        

a                                                                           b 
 

a – seam к7 position in the section (а) relative to the bedding elements; b – passport of 

supporting the intermediate belt 48к7-з drift at the Kostenko mine in operation 
 

Figure 3.4 – Seam к7 position in the section relative to the bedding elements and 

passport of supporting the intermediate belt 48к7-з drift at the Kostenko mine in 

operation  

 

Table 3.1 – Characteristics of the intermediate belt 48к7-з drift at the Kostenko mine 
 

Working name Length, m Width, m 
Height, 

m 

Cross 

section area, 

m
2
 

Type of 

support 

Support 

density, 

anchor/m 

Intermediate belt 

drift 48к7-з 
970 5.0 3.0; 3.5 16.2 

Roof 

bolting 
9 

 

There was studied the impact of the contour rope anchor inclination angle on 

the rock massif SSS (figure 3.5) [36]. 
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а                                    b                                c                                     d 
 

а – design scheme; b – along the x axis; c – along the y axis; d – tangent 
 

Figure 3.5 – The anchor inclination angle impact on the rock massif SSS with the 

rectangular mine working 

 

There were determined the values of maximum normal and tangent stresses 

according to which there were determined empiric dependences (3.1) and (3.2) [37, 

38]: 

 

0,1540,138,0100,6100,3)( 23345max +⋅−⋅+⋅⋅−⋅⋅= −− ααααασ y                      
(3.1) 

 

0,959,1100,9)( 23

max +⋅−⋅⋅= − ααατ
                                                             (3.2) 

 

The angle of the contour of the contour rope anchor for workings of the 

rectangular shape is recommended equal to 75…77° at minimum normal stresses, 

when mounted in the zone of mining (stoping) operations impact. 

Location of the roof bolting relative to the bedding of rock layers 

The location of the roof bolting relative to the bedding of rock layers can be 

perpendicular to the working roof at the angle to the bedding planes (figure 3.6a), as 

the roof support is usually placed in practice, and it is possible to mount it 

perpendicularly to the bedding planes of rocks (figure 3.6 b, 3.7). 

 

 

 
   а                                                       b 

 

а – at the angle to the bedding planes; b – perpendicularly to the bedding planes of rocks 
 

Figure 3.6 – Roof bolting location relative to the rock layers bedding 
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а                                                    b   
 

а – at the angle; b – perpendicular   
   

Figure 3.7 – Roof bolting location relative to the rock layers bedding 

 

The stress-strain state of the rock massif was estimated using the Flac7 

program, which displays the results in 2D dimension and serves to analyze stresses in 

the course of mining operations when mine workings junctions are formed. The 

analysis of the results was carried out by the finite element method 

According to the calculations, when supporting with active anchors along the 

normal to the bedding, large stresses arise, the area of crack formation and the zone 

of stratification of the rocks in the roof are increased to the height of 4.2 m (2.0 m 

above the roof). When supporting at an angle to the bedding, the bundle height is 3.7 

m (1.4 m above the working) (figure 3.8) [39, 40]. 

 

    
 

                        а                                                          b                                          c 
 

а, b – respectively perpendicular and radial location; c – stress scale 
 

Figure 3.8 – Results of modeling roof bolting location relative to the rock layers 

bedding 

 

The dimensions of the conditional zones of destruction formed around the 

workings supported with the roof bolting are determined, depending on the anchoring 

grid. 

When supporting with contour anchors along the normal to the bedding, it is 

possible to form a beam of the tightly bonded «rock-support» system, without 
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bending moments in the rock layers by bedding. Large rock stratifications appear on 

the sides of the mine working, up to 4.5 m along the line of seam dip and 5.5 m  

along the line of the seam uprising. The supporting anchor beam provides reducing 

the stresses perpendicular to the layering of rocks with a single-level roof bolting by 

10…15% and a smaller spacing on the working sides by 20%; decreasing the 

working bed heaving by up to 5%. 

 

3.1.3 Determining the Parameters of Contour Single-level Roof Bolting 

The geomechanical state in the vicinity of the mine workings was simulated by 

the finite element method using the Ansys program to assess the stress-strain state of 

the rock massif [41]. 

The stress state of the enclosing rocks near the development working 

dependence on the length and diameter of the roof bolting was established. The 

tangent stresses do not significantly affect the length of the anchor (in the range 2.0 - 

2.4 m), and the normal and horizontal stresses increase slightly depending on the 

length of the anchor. 

With increasing the diameter of the anchor (for example, from 0.02 to 0.022 

m), the normal and horizontal stresses increase, and the tangent stresses decrease in 

the linear relationship. 

With increasing the length of the anchor rod (from 2.0 to 2.4 m) and its 

diameter (0.02-0.024 m), horizontal stresses (0.055-0.06 MPa) are more significant 

with their subsequent growth. The tangent stresses are unchanged (within 25 Pa), and 

normal stresses grow linearly (from 0.005 to 0.01 MPa) (figure 3.9). 

 

 
 

         а                                                                  b          
 

а – stress diagram; b – plumbing scale 
 

Figure 3.9 – Vertical stress diagram near the working  
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There were revealed the regularities of the anchor length effect (3.3) and the 

development depth (3.4) on stability of the rectangular mine working at the Kostenko 

mine of the Karaganda coal basin: 

 

24*38,0)( += llyσ                                                      (3.3) 

 

                                             
( ) HHy *22,03,4 +=σ                                                   (3.4) 

 

The maximum normal stress along the y axis dependence on the thickness of 

the unstable layer (mudstone) in the roof rocks: 

 

                                                  
m

y e ⋅⋅= 01,0max 1,27σ                                              (3.5) 

 

where m – the thickness of the unstable layer of the working roof rocks, m. 

 

3.1.4 Contour Roof Bolting Location Relative to the Working Elements with 

the Bed Rocks Heaving 

The stress-strain state simulation and calculations using the Flac7 program for 

various mining conditions of the coal seams development in the Karaganda basin 

were performed. A rectangular and arched section of the workings with ground and 

corner roof anchors of various lengths was used, which made it possible to analyze 

technological schemes of reducing heaving of bed rocks in mine workings (figures 

3.10, 3.11) [42, 43]. 

 

      
 

                             а                                                       b                                       c            
 

а – into the bed 5.0 m long; b – into the bed and the roof 5.0 m long; c – stress scale red 

color – destruction zone; orange color – cracking zone; light-green – stratification (all three upper 

zones are unloading zones); 4, 5 – cracking zones; 6 – microdeformations zones 
 

Figure 3.10 – The working rectangular cross section with inclined contour anchors  
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                             а                                                                               b 
 

а – 2.4 m; b – 5.0 m 
 

Figure 3.11 – Arch cross section of the metal pliable support of the working with 

inclined anchors into the bed  

 

Deformations and stresses in the bed rocks are affected by not bed beyond-

contour but side anchors into the reference pressure zone around the working contour. 

 

3.1.5 Making a Binding Contour Beam above the Mine Working 

The enclosing rocks strength effect on the value of stresses and stratification of 

contour rocks 

Figure 3.12 shows the type of a single-level support (a), the nature of the 

stratification and cracking with the arched (b) and rectangular (c) working shapes, 

respectively, with arched (diffused) and contour rigid supporting (ordered). 

It is important to make a beam in the working roof and the rocks cross linking.  

The roof rocks cross-linking of the working leads to better conditions for 

supporting the working (figures 3.13, 3.14, 3.15) [44]. 

 

 
а 

а – rock stabilization using a single-level support 
 

Figure 3.12 – Rock stabilization using a single-level support (а), the nature of 

stratification and cracking with the arched (b) and rectangular (c) working shapes 

respectively with the arch and contour rigid supporting, sheet 1 
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                              b                                                                               с 
 

b - the nature of stratification and cracking with the arched working shapes; c - the nature of 

stratification and cracking with the rectangular working shapes  
 

Figure 3.12, sheet 2 

 

 

 

 

 

 

 

 

 

 

 
                                  а                                                                          b 

 

а – making a beam in the working roof; b – cross-linking the rocks 
 

Figure 3.13 – Making a beam in the working roof and cross-linking the rocks  

 

 
 

Figure 3.14 – Stressed beam with the use of steel roof bolts 2.4 m long 
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There was established the effect of the enclosing rocks strength, the value of 

stresses and stratification of the contour rocks: 2.4 m for strong rocks (compressive 

strength 40-60 MPa); 2.6 m for medium-strength rocks (compressive strength 35-40 

MPa); 2.8 m for low-strength rocks (compressive strength lower than 35 MPa) and 

3.7 m for unstable rocks (figure 3.16). 

 

         
 

                                    а                                                                 b 

      
 

       c      d        e 
 

а – strong; b – medium-strength; c – low-strength; d – unstable; e – stress legend 
 

Figure 3.15 – Studying the enclosing rocks strength effect on contour rocks stress and 

stratification 

 

3.2 Studying the Stressed State of the Contour Coal-rock massif around 

the Mine Working with the Roof Bolting  

The analysis and generalization of the mine workings in the Karaganda basin 

survey show that dangerous deformations and loss of stability of rock outcrops occur 

in approximately 25-30% of them at the driving stage. During operation, increased 

deformations are characteristic of 40% of workings located outside the zone of the 

stoping impact, and 60% when they are in the zone of the stoping impact. The main 

reason of the development workings deterioration is decreasing the ratio of rock 

strength to geostatic pressure with increasing depth of mining [45, 46]. 

The loss of stability of rock outcrops leads to decreasing the rate of driving 

mine workings by 40-45% and increase the consumption of support materials. 35-

40% of accidents during mining operations are caused by the loss of the rock 

outcrops stability and the roof and sidewall rocks collapse. The work to incorporate 

rock outfalls in mine workings is rather laborious and involves the additional 

consumption of support and other materials [47].  
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The mathematical modeling of the massif stress-strain state around the existing 

mine workings was performed by the finite element numerical method using the 

ANSYS software package to assess the impact of geological factors on the operating 

conditions of the mine supports in the conveyor belt mine working к10 at the 

Kostenko mine of the Karaganda coal basin with the development depth of 400 m 

and the bed thickness of 3.8 m. The solution is executed in the elastic setting due to 

the relatively short time of deformation of the rocks in the vicinity of the 

development face when advancing it.  

The impact of the cross-sectional shape of the mine working and the angle of 

incidence of the coal seam on the value of the emerging maximum stresses in the 

rock massif when supporting the mine working with the roof bolting is estimated.  

The conditions for maintaining workings with various types of supporting in 

the zone of the stoping impact have been studied for the intermediate 50к10-з 

conveyor drift of the Kostenko mine of the Karaganda coal basin. The removed 

thickness of the к10 layer on the western wing of the mine is 3.7-4.0 m. The 

immediate roof varies along the strike from 3 to 7 m and is represented by 

mudstones. The main roof is composed of slightly fissured sandstones with the 

thickness of 24-32 m. The maximum amount of soil swelling after two years of the 

working supporting was 0.55 m. To ensure the necessary section ahead of the long-

wall face at the distance of 50-80 m, the drift was blasted to the height of 0.5-0.6 m. 

The results of calculating the stress σу–normal and σх-longitudinal (horizontal) 

components in the coordinate axes, where X coincides with the working plane, and Y 

is orthogonal to it, indicate that for arch, rectangular and polygonal supports the 

normal, longitudinal and tangent components grow from the angle of incidence of the 

seam within the range of its variation from 10 to 400. For all cross-sectional shapes, 

the valuesof σх  and σху are ten times higher than σх  and σху for the same x, and for the 

arch form high σх, σу are characteristic, the same for σху (a tangent stress component). 

 

            
а                                            b                                             c  

 

а – arch cross-sectional shape of mine workings; b – rectangular cross-sectional shape of 

mine workings; c – polygonal cross-sectional shape of mine workings 
 

Figure 3.16 – Hodographs of the maximum stress vector (σху) depending on the dip 

angle  
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Figure 3.16 shows the hodographs of the mechanical stress vector of (a curve 

connecting the ends of a vector of a variable value, plotted at different points in time 

from one point is the trajectory described by the end of the vector σху with changing 

the dip angle). In the same place, already between the vector σху and the axis, Хσх is  

the coefficient of lateral thrust, which, with rectangular and arch supports, varies 

widely compared to polygonal one. 

The maximum stresses are significantly higher for arch and rectangular 

supports in comparison with supports with the polygonal cross-sectional shape in the 

workings supported by the magnitude and by changing the coefficient of lateral thrust 

[48]. 

The stratification planes of the rocks coincide with the tangent to the 

hodograph, which gives reason to recommend mounting the anchors taking into 

account this factor, i.e. anchors should be placed orthogonally to the bundle plane. 

The studies allows concluding that it when developing the к10 seam of the 

Kostenko mine of the Karaganda coal basin, is preferable to use winning workings of 

the rectangular cross-sectional shape with the roof bolting of the enclosing rocks. 

Studying the stress-strain state of the enclosing rocks depending on the 

thickness of the layer of easily collapsing rocks at different anchoring lengths were 

carried out on the example of a rectangular mine cross-section with the following 

parameters: the seam dip angle 15°, the thickness 4 m; the development depth 450 m; 

the working cross section 14.4 m
2
. 

Considering the normal stress components σу
сж

 (compression) and σу
сж

 

(tension), linear dependences on the thickness of the layer and the anchoring length 

(L) are noted, and both components grow in absolute value. The inverse patterns are 

characteristic for the transverse components σх
сж

 and σх
р
, and in the range of 

anchoring depths from 1.5 to 4.5 m decreasing the absolute values of σх
р
 is noted. The 

reason for this can be redistribution of stresses characteristic of workings with 

polygonal including rectangular sections (figure 3.17). 

 

 
 

Figure 3.17 – Horizontal stresses distribution in the anchors located about 3 m to the 

stoping face 
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The analysis of the stress distribution (figure 3.17) shows that the maximum 

stresses arise in the anchors at the bottom of the development mine working and 

begin decreasing 2.5 m from the bottom of the face of stope. 

Studying the changes in coal gas content over the depth of a drilled well and 

sorption isotherm for coal seams depending on the gas pressure in the massif (rock 

pressure), for the 33к10-с intermediate drift conditions 65 m from the mounting 

chamber to the downward side along the conveyor drift with the cross section of 15 

m2: total gas content 19.3 m
3
/t, gas content at a pressure of 1 bar –2.8 m

3
/t, the 

volume of desorbed gas made 16.5 m
3
/t. The experiments were carried out along an 

extended mine to determine the zone of the effective reference pressure around the 

contour from the development mine working into the interior of the massif, which in 

the intensive zone was 4 m (figure 3.19a). Changes in the sorption isotherm, where 

for the conditions of the ventilation 4.04д6-1з incline with the cross section of 15 m
2
 

with a dead end length of 179 m deep into the face, the total gas content was 19.4 

m
3
/t, gas content at a pressure of 1 bar – 2.3 m3 / t, volume desorbed gas -17.1 m

3
/t 

(figure 3.18). 

In figure 3.18 it is seen that the zones of propagation of the rock pressure wave 

in front of the front of the preparatory work, which amounted to 6 m in the active 

zone [49]. 

To determine the influence of various factors on the development of the 

process of displacements of rock layers of the contour massif around the development 

mine working, it is possible to use a numerical experiment using a computer program 

for modeling displacements [50]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 а            b  

 

а – dynamics of changing the gas content of a coal seam; b – dynamics of changing the 

sorption isotherms: 1 - к10 seam of the Abayskaya mine; 2 - д6 seam of the Kazakhstanskaya mine 

of the Karaganda coal basin 
 

Figure 3.18 – Dynamics of changing the gas content of a coal seam of the working 

contour massif and sorption isotherms  
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The main factor influencing the development of displacements is rock pressure 

that depends on the development depth. The calculations were carried out for a single 

mine working driven in a homogeneous massif with an average for the Karaganda 

coal basin rock strength under uniaxial compression of 24 MPa. The shape of the 

working cross section was arched: its width 5.57, height 3.55 m, the depth of the 

working location varied from 400 m to 800 m (the depth interval for the mines of the 

Karaganda coal basin). 

The analytical contour massif displacements dependence on the development 

depth is shown in Figure 3.19 a. The coefficient of lateral thrust is assumed to be 1.0. 

For the considered depth interval, the linear relationship was established 

between the expected displacements of the massif from the side of the roof of the 

unsupported mine working and the development depth (figure 3.19a), expressed by 

the formula (3.6) [51]: 

  

322,213093,0 −= НU ожид
, at r = 0.97.    (3.6) 

 

An important factor affecting the displacement of the contour massif around 

the mine working is rock strength, which in the experiment varied within the limits 

characteristic for the Karaganda coal basin (10-40 MPa). 

The exponential dependence of the enclosing rock massif displacements on the 

hardness is established by the formula (3.7): 

 
сжеUожид

σ1003,0
4,1294

−
= , at r = 0.96.   (3.7) 

 

The displacements of the massif rocks from the roof side dependence on their 

uniaxial compression strength is shown in figure 3.19b. 

 

     
 

а                                                                                b 
 

а – development depth, m; b – rock strength, MPa  
 

Figure 3.19 – Contour massif rocks displacements dependence on the development 

depth (а) and their strength for uniaxial compression from the side of the roof (b) 

 

Figure 3.19 b shows that the maximum displacements correspond to the 

minimum rock strength, and accordingly the minimum displacements correspond to 

the maximum rock strength [52]. 
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3.3 Determining the Patterns of Rock Pressure Manifestation Depending on 

Mining-geological Factors and Mining Conditions  

More than half of the underground mine workings in the mines of the 

Karaganda coal basin are in the unstable state (displacement of the roof, bed and 

sides rocks) and are supported with significant laboriousness of work and material 

costs due to the absence of justification for the compliance of their support 

parameters with the given operating conditions. The introduction of advanced 

technological systems, methods and tools of supporting workings is constrained by a 

small amount of using the technology of controlling geomechanical processes 

occurring in the contour massif around them. To make informed technological 

decisions on determining the parameters of the support for its effective operation, it is 

necessary to assess the strain state of the enclosing rock massif around workings. The 

development and implementation of the technology and tools, taking into account the 

stress-strain state of the enclosing rocks, will reduce material and labor costs and 

optimize the support parameters of mine workings [53, 54]. 

In this regard, in the mines of the Karaganda basin, the multiplicity of 

retimbering of the supported workings reaches two to three times the value within the 

tine of operation and more than a quarter of them are annually repaired for increasing 

their stability.  

The enclosing rocks of the immediate roof of coal seams are often unstable, 

and the rocks of the immediate bed are prone to heaving. 

The main mining-geological factors affecting the mining conditions and 

determining the mining-technical operation parameters and the effectiveness of the 

technology, systems and tools of supporting the mine workings, taking into account 

the stress-strain state of the surface rock mass [55] are as follows (table 3.2). 
 

Table 3.2 – Mining-geological conditions of operation when developing coal seams 
 

Mining-geological conditions of 

operation 
Quantitative values 

1 2 

Seam thickness Minimum mmin<1.2 m, maximum mmax>3.5 m 

thickness, deviation ≥15% 

Seam angle, deg. Maximum maxα >18
0
, deviation≥

05  

Complex seam formation, coal strength High resistance to cutting Аmax>300 kN/m. 

Interlayers f>4. Hard inclusions of 2.5% content 

Breakability of the roof rocks Rock compressive strength σ сж
≥ 70 MPa, the 

immediate roof rocks and seam ratio hло/ma
≤ 3 

Stability of the immediate roof rocks 
Weak unstable rocks with сжσ  = 20 – 3  MPa 

Strength of the bed rocks, MPa 
Specific pressure (weak beds) Q≤0,8 MPa 

Seam water abundance, m
3
/h (W) W≥3 m

3
/h (weak rock) 

W≥7m
3
/h  (strong rock) 

Gas abundance, m
3
/h (G) High - G≥ 10 m

3
/t 

Disjunctive  disturbances H/ma
≥ 0.5  

(H -  is the disturbance amplitude) 
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Continuation of table 3.2 

 

1 2 

Presence of erosion in the seam High frequency, more than 3 washing out/km 

Seam outburst danger Rock strength lower 2.0 MPa (prone) 

Seam self-ignition Presence of disturbed zones (prone) 

Coal resistance to cutting Less than 1.0 kN/m (low) 

Bed rock stability Rock strength less than 2.0 MPa with weak and 

more than 2.0 MPa with strong rocks 

 

A technology is needed for driving and supporting mine workings, taking into 

account the results of modeling the geomechanical state of the coal-rock massif and 

the schemes of supporting the mine contours to various mining-geological and 

mining conditions for the development of coal mine workings to reduce the cost of 

driving and supporting mine workings with providing the increase the speed of their 

driving for timely preparation of the stoping front.    

 

3.3.1 Determining the Patterns of Rock Pressure Manifestation in Mine 

Workings of the Karaganda Coal Basin Depending on Mining-geological Factors  

To determine the influence of geological and mining factors on the formation 

of zones of inelastic deformations in the enclosing rocks around the mine workings 

based on the development of conditional zones of inelastic deformations, a computer 

program for modeling the stress-strain state of the massif near the mine workings 

“Mergel” [56, 57] was designed to determine the parameters of supporting mine 

workings, forecasting and calculating convergence, horizontal displacements of rocks 

under various development schemes taking into account the  massif geomechanical 

condition.  

The program was developed on the basis of theories of elasticity and kinetic 

strength of solids and a program for predicting the expected displacements “KMS-

Sh” [58, 59] (a complex of modeling displacements for mines).  

It allows determining the stress-strain state and displacements at the considered 

point in the anthropogenic space and establishing durability of the object (time to 

destruction) and evaluating the rock outcrop stability for the subsequent adoption of 

technological measures. 

For geomechanical interpretation of the simulation results, there was taken the 

conveyor 40к7-в drift at the Kostenko mine of the Karaganda coal basin with the 

cross section of 16.2 m² of the к19 seam driven at the depth of 630-640 m (figure 3.20). 

The fissure propagation is most removed, and from all sides of the working at 

the distance of 2.4-2.5 m from the contour, and even less removed (0.4-0.5 m) from 

the side props in the bed near the working with an easily and medium-controlled roof. 

With a hard-to-manage roof, cracks in the roof are close to the working and are 

located at the distance from the working section not exceeding 0.5 m (figure 3.20). 
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                        а                                            b                                                        c 

 
 

а – weak; b – medium-strength; c – strong rocks      
                                   

Figure 3.20 – Roof rocks strength effect on the rock massif stratification  

around the working 

 

Thus, the controllability characteristics of the enclosing rocks (taking into 

account their strength characteristics) are manifested to a greater degree in the 

proximity of the newly formed cracks to the working contour only with a hard-to-

manage roof (figure 3.2) [60, 61]. 

 

 
 

Figure 3.21 – The cracking depth (R, m) in the enclosing rocks dependence on the 

seam incidence angle  (a-1) and roof rock controllability (
m

H кн ..  - 2) 

 

Figure 3.21 shows the dependence of the cracking depth in the enclosing rocks 

on the seam incidence angle and controllability of the roof rocks. 

Empiric dependences (at R
2
=0.96) are as follows: 

 

                              R=1.03+0.063
m

H кн .. , R =1.8+0.05α, m.                              (3.8) 

 

Figure 3.22 shows changing the conditional zones of inelastic deformations 

(CZID) dependence on the rock strength. 

 

30 days 3 minutes 3 hours 3 days 
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Figure 3.22 – CZID development dependence on the enclosing rock strength 

 

There was established the regularity of the average distance between cracks 

depending on the rocks strength for uniaxial compression [62]: 

  

                                     Lc=0.025e
0,003Rc                                                                                 

(3.9) 

 

where Rc – the rock strength for uniaxial compression, kg/сm
2
;  

    Lс – the average distance between the cracks, m. 

To identify the dependence of the stratification zones development on the 

depth of work, numerical modeling was performed. For the working under 

consideration, the depth of driving varied from 300 to 800 m (figure 3.23) (the nature 

and parameters of stress zones and dynamics of changes in boundaries) [63, 64]. 

 

 
 

                            а                                             b                                              c 

 
 

а – to 300 m; b – to 600 m; c – to 800 m 
 

Figure 3.23 – Stratification of the enclosing rocks of the working depending on the 

development depth 

 

The depth of mining affects the development of conditional zones of inelastic 

deformations and, with increasing depth, is non-linear. 

The first diagrams of the conditional zones of inelastic deformations from the 

working contour are located at the distance of 1.6-2.0 m, reaching the value of          

4.5-5.5 m. 

The dependence of the CZID dimensions (hУЗНД, m) on the depth of mining (H, 

m) can be represented as: 

C
Z

ID
 s

iz
es

 

30 days 3 minutes 3 hours 3 days 
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                                                   0,984=r                                                        (3.10) 

 

Numerical coefficients take into account the rock strength and the size of the 

working affecting its stability. 

The development of crack formation (disbalance Dт) of rocks over time (Т) 

depending on the depth of location (Нр) with a combined (anchor and metal-arch) 

support is represented by empirical dependences (at R
2
 = 0.94):  

 

        - for the roof and sides  Dт=1.028+0.0004Нр+0.056Т, 

        - for the bed Dт=1.387+0.0004Нр+0.109Т, m.                                   (3.11) 

 

Figure 3.24 presents the dependence of the roof rocks displacement rate on the 

mining depth (Н) and the hardness coefficient (f). 

 

 
 

Figure 3.24 – Dependence of the roof rocks displacement rate on the mining depth 

(Н) and the hardness coefficient (f) 

 

The dynamics of changing the CZID (УЗНД in Russian) sizes depending on 

the rock strength is expressed as follows:  

 

                                                       
НУЗНД= 9,8 e

− 0,04 Rc

                                             (3.12) 

 

Figure 3.25 shows the dependence of the roof rock displacements on the 

siltstones strength for compression. 
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1, 2 - beyond and in the zone of the stoping (ahead of the long-wall face) 
 

Figure 3.25 – The roof rock displacements dependence on the rock (siltstones) 

strength for compression 

 

In the zone of reference pressure ahead of the lava, there was increasing the 

convergence in the development workings of the mining section by 30%; with each 

advancing of the face by 10-20 m the convergence increased by 5-10%, and the depth 

of the zone of reference pressure distribution ahead of the long-wall face was 30-40 

m; in this case, maximum displacements were observed at the distance of 20 m ahead 

of the long-wall face. 

Figure 3.26 shows the dependence of the angle of the coal seam incidence (a) 

on the dynamics of stratification and on the parameters of the formed arch of unstable 

rocks in the roof and sides of the mine working, which will determine the load on the 

support [65, 66]. 
 

 
 

                        а                                             b                                                 c 
 

 
 

а – 0
о
; b – 10

о
; c – 20

о
 

 

Figure 3.26 – Coal seam incidence angle effect (а) on the dynamics of stratification 

around the development working 

 

 

30 days 3 minutes 3 hours 3 days 
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3.3.2 Conclusions and Recommendations by the Results of the Studies Carried 

out 

The performed complex of analytical and experimental studies made it possible 

to establish the dynamics of the development of deformation processes in the coal-

rock massif around the workings. The unstable regions in the enclosing rocks and the 

dynamics of the zones of active crack formation and propagation are determined both 

ahead of the driven workings (up to 3-5 m) and on its sides (up to 5.0-7.5 m), which 

allows controlling the course of geomechanical processes in the working contour 

massif and acting on it to overcome undesirable manifestations of rock pressure, to 

ensure stability of the supported workings and to develop recommendations for the 

use of the roof bolting technology for workings to ensure their stability and 

decreasing the operating costs [67]. 
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4 DEVELOPING STRUCTURAL SCHEMES OF MULTIPURPOSE 

TOOLS FOR SUPPORTING MINE WORKINGS IN BREAKAGE FACES 

AND WHEN DRIVING MINE WORKINGS 

 

4.1 Method of Supporting Mine Workings with Peripheral Guarding and 

Side Anchors 

Figure 4.1 presents a general view of the technological scheme of the proposed 

method; figure 4.2 shows the results of modeling the stress-strain state when a mine 

working is located in coal seams with different lengths of ground anchors from 5.0 to 

2.4 m. 

 

 
 

Figure 4.1 – Method of supporting mine workings with the ground guarding and side 

anchors 

 

 
 

Figure 4.2 – Results of simulating the stress-strain state when the working is located 

in the coal seam with different length of ground anchors from 5.0 до 2.4 m 

 

To achieve the task with the claimed technical result, when using the method of 

supporting mine workings of the predominantly rectangular cross-sectional shape 
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with the roof bolting including drilling into the roof of the working and mounting 

anchors in it, as well as anchors in the working sides, they drill in the roof of the mine 

working in the process of making holes and mounting anchors 3 in them, while 

drilling the inclined holes in the mine working roof, the inclined holes are drilled into 

the sides of mine working 2. Then, for hardening lateral rocks in the lower part of the 

working and hardening the working bed, at the height of one meter from the working 

bed there is mounted composite anchor 1 at the angle of 20-25° from the working 

side. 

The technology of workign with the roof bolting provides its mounting in the 

direction of the bed along the sides of the mine working, by drilling inclined holes for 

composite anchors. It is recommended for the length of the anchors mounted in the 

working sides to be determined by the empirical formula (4.1) [68]: 

  

L=kf * Bb * Нп  / Nп, м                                                     (4.1) 

 

where kf  – an empiric coefficient that depends on the mine working cross sectional 

shape;  

Bb – the mine working rough width, m, м;  

Нп  – the probable value of the bed heaving, m; 

Nп  – the bed rock compressive strength, МPа. 

The height of the hole on the side walls of the mine working from its bed is 1/3 

of the height of the mine working inside (h). 

The combination of the functions of the mounted side anchors for supporting 

the sides and preventing heaving of the working bed rocks is ensured. 

The stress-strain state was simulated using the Flac7 program (USA) with the 

location of a mine working in a coal seam, with different length of ground anchors 

from 5.0 to 2.4 m and the presence of side anchors. The length of the ground anchors 

did not significantly affect the condition of the soil rocks. The deformations and 

stresses in both lateral and bed rocks are affected by not ground-peripheral but by 

side anchors. 

The technical result, which achievement provides the solution to the problem, 

is expressed in the technology of supporting the sides of the mine working and 

reducing the heaving of the bed rocks. 

 

4.2 Method of Supporting a Salvage Chamber 

A method of supporting a slavage chamber, including supporting the roof of 

the mine working with a frame pliable metal arch support [69, 70], where above the 

goaf side of the powered support to be dismantled, rope anchors are mounted in the 

roof of the chamber beyond the contour of the destroyed rocks, stable undamaged 

overlying rocks with wedging of the fixed space within the arch of the weight of the 

collapsed rocks with developing a system of their retention, by means of the 

overlapping roof of the worked out lower layer of cellular welded grid with 

connecting brackets, mounted with overlapping the support of the destroyed rocks in 

the upper layer, with rope anchors mounted on the fixing mixture in vertically drilled 

wells in the roof with wedging double-row elements. 



78 

Figure 4.3a shows a cross section of a mine working supported by this method; 

figure 4.3b is the top view of the working; figure 4.3c shows a special grid with small 

cells; figure 4.3d is a rope anchor; figure 4.3e is a wedging device, where: 1 is the 

immediate working bed; 2 is the lower layer of the thick coal seam; 3 is the 

immediate working roof (collapsed rocks of the working roof); 4 is the main roof of 

the working; 5 is the MM type mesh; 6, 8 are the prop and the top of the metal 

support; 7 is a strap of a special profile; 9 is an infinite strengthening linear profile of 

SIP (special interchangeable profile); 10 is a T-shaped prop; 11 is a powered support; 

12 is a special grid with cells (fraction sizes 0.02×0.02 m); 13 are vertical rope 

anchors; 14 is a wedging device of the rope anchor (a grid is used to prevent falling 

small pieces of collapsed rocks into the working contour); 15 is fencing of the 

powered support; 16 are brackets for fixing mesh links; 17 is a metal pin; 18 is a 

coupling; 19 is a nut; 20 is a base plate; 21 is a metal guide tube; 22 is a rope part; 23 

is a metal cylinder; 24 are wedging elements of the 1st row; 25 are wedging elements 

of 2nd row; 26 is the place of mechanical compression, 27 is a weld. 
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a - transverse section of the mine working; b - top view; c - special grid with small cells; d – 

connection of special grids; e - rope anchor; f - wedging device 
 

Figure 4.3 – Method of mounting the salvage chamber  

To use this method of supporting, the following series of actions are carried 
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out: bore hole 28 of a given length is drilled into strong rocks of the main roof (since 

the borehole length depends on the thickness of the collapsed rocks), special mesh 12 

is mounted in the roof of the working, vertical wire anchors 13 are subsequently 

mounted in bore holes 28, then when feeding and rotating the anchor installer, 

vertical rope anchor 13 is fixed until support plate 20 stops in special mesh 12. After 

that the pressure is removed from the anchor installer under the action of pressing the 

weight of the immediate working roof (collapsed rocks of the working roof) 3, 

wedging device 14 of the rope anchor is wedged. 

 

4.3 Method of Supporting Rocks around the Mine Working Contours 

A method of supporting mine workings with the roof bolting, including drilling 

into the working roof, alongside with drilling holes and mounting ampoules with a 

fixing compound and anchors in them, as well as anchors into the working sides, 

where ampoules with compressed air alternating with chemical ampoules with the 

fixing compound. A sealed plug in the form of a rubber cone-shaped sleeve is fixed 

to the anchor from the mouth of the hole [71]. 

To increase the distribution profile of the composition of chemical ampoules in 

the cracks of the enclosing rock massif 1, additional ampoules with compressed air 2 

were added, alternating with chemical ampoules with the fixing compound, which, 

when mixed using anchor rod 3, ensure uniform distribution of the fixing compound 

of chemical ampoules 4 under pressure and penetrate into the massif stratifications, 

and to seal the borehole, a rubber cone-shaped sleeve is introduced into the design of 

the anchor. Thus, the chemical compound of the ampoules under pressure will 

penetrate into the cracks more deeply, forming large adhesion zone 5, providing 

reliable adhesion of rocks, increasing the bearing capacity of the roof bolting (figure 

4.4). 

 

 
 

Figure 4.4 – Method of supporting rocks around the mine working contours 
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4.4 Method of Filling Domes in the Roof when Driving a mine Working  in 

Unstable Rocks with Resin Injection Strengthening  

When supporting mine workings in the areas with unstable rocks of the roof, 

stratifications occur and their falling out from the weakened zones, for example, 

when driving conveyor 32 к7-з drift of the rectangular cross section with a combined 

support of metal special profile and roof bolting in the Kuzembaev mine of the 

Karaganda coal basin (figure 4.5). 

 

 
 

а 
 

 
 

b 
 

а, b – longitudinal and cross sections of the working 
 

Figure 4.5 – Driving conveyor 32 к7-з drift in the Kuzembayev mine in the zone with 

unstable roof rocks   

 

Figure 4.6 shows a longitudinal section of the working supported by this 

method (1 is the immediate roof of the working; 2 is the immediate bed of the 

working; 3 is the second layer of the thick seam, 4 is a void formed as a result of the 

collapse of the roofing rocks; 5 and 6 are elements of the main support (tops and 

props); 7 is the advance support of the main support tops; 8 is a longitudinal 

strengthening profile; 9 is hardened foam; 10 is a pump; 11 are discharge hoses; 12 is 

the working strap (profiled sheet). 
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To use this method of supporting, the following steps are performed: the 

advance support of the main support tops 7 is mounted, then longitudinal 

strengthening profile 8 is built up under the advance support of the tops 7. Then they 

are pulled by profiled sheet 12. To develop a protective cushion using pump 10 

through the discharge hoses 9 resin is supplied, the resin foams and fills voids 4; it 

foams until the contact is formed between the «massif - foam – support» medium. 

1

23

4
5 6

7
8

1 0

9

1 1

1 2

 
 

Figure 4.6 – Method of filling the domes in the roof with resin injection strengthening 

when driving a mine working in unstable rocks 

 

Such a technology was implemented when driving a working in the Lenin mine 

of the Karaganda coal basin, the mounting chamber on the lower layer of the д6 seam 

(figure 4.7). 
            

            
а                                                                     b 

 

а, b – plan view, the working cross section 
 

Figure 4.7 – Technology of driving a working in the Lenin mine of the Karaganda 

coal basin, the mounting chamber on the lower layer of the д6 seam 
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4.5 Method of Increasing Stability of Anisotropic Slopes of Open Pit 

Banks with Resin Injection Strengthening  

In the method of increasing stability of slopes of open pit banks by resin-

injection strengthening of disturbed zones, mainly in rock and semi-rock formations, 

in the presence of local sections with a developed system of bedding-plane cracks, 

including injection through drilled wells from the upper working platform of the 

bank, where the overburden bank is strengthened in weakened areas, it is achieved by 

introducing pipes into the wells with perforations on the end part and pumping into 

the disturbed massif under pressure through the pipes a two-component polyurethane 

or phenol expandable resin, at this the resin after mixing low viscosity components 

solidify, set both inside the weakened zone violation and at the contact with 

undisturbed overburden banks, moreover, for crossing the weakened rock massif 

evenly, cross-hole systems are drilled, the first one located perpendicular to the 

planes of weakening and the second one perpendicular to the profile of the wells 

relative to the platforms of the bank and directed obliquely into the disturbance zone 

according to the falling broken rock layers [72, 73]. 

Figure 4.8a shows the plan view of the technological scheme of the proposed 

method (technological scheme of the open pit slope stability with two bedding-plane 

diagonal weakening surfaces); figure 4.8b shows the end view of the bank. 

 

 
 

a 
 

a - plan view of the technological scheme of the proposed method (technological scheme of 

the open pit slope stability with two bedding-plane diagonal weakening surfaces)  
 

Figure 4.8 – Method of increasing stability of anisotropic banks of open pits with 

resin injection strengthening, sheet 1 
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b 
 

 
 

c 

 

b - the end view of the bank; c – the another end view of the bank 
 

Figure 4.8, sheet 2 

 

The essence of resin injection strengthening consists in that fast-hardening and 

highly penetrating bonding compounds, i.e. chemical solutions based on polymer 

(phenol) resins, being injected under high pressure into fractured massifs, penetrate 

into pores and cracks and solidifying in them, they are glued together by natural 

units, forming a tightly bound (monolithic) massif that does not stratify and does not 

collapse. Chemical solutions having viscosity close to the viscosity of water can 

easily displace it from pores and cracks in the massif. Strong and reliable adhesion of 

the block-units of the massif to each other along glued cracks is ensured by the high 

intrinsic strength (cohesion) and the adhesion force of the polymers to the massif 

along the surface of the cracks. Possessing high penetrating ability, strengthening 

compounds based on synthetic resins are capable of filling up to 90…95% of all 

cracks in the massif when injected under high pressure [74]. 

The values of strengthening zones are recommended for the eastern side of the 

Nurkazgan open pit, PC Karagandatsvetmet, Kazakhmys Corporation LLP. For the 

adopted design angles of inclination of the sides (52°) without taking into account the 

correction for the effect of lateral thrust due to the curvature of the side in the plan for 
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each section, the length of the strengthening along the weakest sliding surface is 

determined. This value was for the north side 147 m, for the east side 143 m, for the 

south 128 m, for the west 143 m [75, 76]. 

The area of the eastern side strengthening is shown in figure 4.9. 

 

 
 

Figure 4.9 – Parameters of the zone of strengthening the east slope of the  

Nurkazgan open pit 

 

4.6 Method of Strengthening a Winning Working in the Zone of Stoping 

Effect ahead of the Long-wall Face 

The technical solution is a method of supporting mine workings for the 

effective improving of their operational status while supporting in the zone of the 

stoping impact ahead of the long-wall face. 

There is known a method of supporting mine workings with a frame arch 

support, including the mounting of side props and tops connected by clamps, and 

separate frames are interconnected by braces [77]. 

The disadvantage of this method of supporting mine workings is that an arch 

support does not immediately perceive the load from overlying and lateral enclosing 

rocks, which leads to their delamination and cracking at a considerable distance deep 

into the surrounding massif, and this leads to the perception of significant rock 

pressure [78]. 

The method of supporting development mine workings of the arched form is 

also used. It includes drilling holes, laying chemical ampoules in them and mounting 

metal rods through holes of longitudinal flat metal strips (pickups), and after twisting 

the rods and ampoules with an electric drill, preloading steel chemical anchors with 

nuts [79]. 
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The disadvantage of this method of supporting a mine working is that steel 

chemical anchors with flat metal strips are a rigid structure that does not provide 

support for the roof subsidence, which can lead to the breakage of the supporting 

elements, as well as to reducing the bearing capacity of the roof bolting and failure of 

the roof support. 

Figure 4.10a presents the general view of the proposed method; figure 4.10b is 

a section along the A-A line, the working longitudinal section; figure 4.10c is a 

section along the B-B line, the working cross section ahead of the long-wall face; 

figure 4.10d shows a conical spacer. 

When driving a working, as the tunneling face is moved, coal is chipped from 

roof 1 and sides 2 of the mine working. The roof bolting is mounted under strips 3. 

 

 
 

a 

 

 
 

b 
 

а – the general view of the proposed method; b – a section along the A-A line, the working 

longitudinal section 
 

Figure 4.10 – Method of supporting a working in the zone of stoping impact, sheet 1 
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c 
 

 
 

d 
 

c - is a section along the B-B line, the working cross section ahead of the long-wall face; d – 

a conical spacer: 1 - roof; 2 - sides; 3 - strips; 4 - the roof steel-polymer anchors of the first row; 5 - 

the roof steel-polymer anchors of the adjacent row; 6 - four lateral fiberglass anchors; 7 - grid-puff; 

8 - pressure plate; 9 - nut; 10 - cone-shaped spacer 
 

Figure 4.10, sheet 2 

 

Supporting is begun with mounting the roof steel-polymer anchors of the first 

row 4 (2.4 m long), then the roof steel-polymer anchors of the adjacent row 5 and 

four lateral fiberglass anchors 6 (1.8 m long) are mounted. Previously, under the 

strips, there is mounted grid-puff 7. To fix the anchors, a required number of 

ampoules are sent to the drilled hole. When the feed is rotated, the anchor rod breaks 

the shell of the ampoules and mixes the components of the fixing solution. The 

anchor is moved all the way to the bottom of the hole. The anchor is held in this 

position until the composition of the ampoules is completely cured. After the 

composition has cured, pressure plate 8 is mounted that which is fixed with nut 9, 

thereby tensioning the anchor. Between the strip and the plate with the tension nut, 
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cone-shaped spacer 10 is mounted that, when loaded, ensures the support pliability 

due to its deformation. The structural pliability of the spacer is 0.07-0.1 (up to 0.15) 

m, its initial thickness is 1.5-3.0 mm, the width of the supporting platform is 5-8 mm 

with the taper angle of 10-15°. After driving the development working and before the 

breakage face begins working, there is mounted the roof bolting of the second level 

(strengthening support) consisting of rope anchors 11 (5-7 m in length). The anchors 

are erected in the roof of the mine working from the side of the breakage face along 

the entire length of the zone of increased rock pressure effect with their laying at the 

angle of 45° to the bedding in the direction of the face moving and 75° relative to the 

axis of the working. Due to the presence of reference pressure ahead of the long-wall 

face, mounting the anchors is carried out with the permanent advance of the breakage 

face by the amount exceeding the length of the zone of advance reference pressure by 

1.5-2.0 times. The amount of the advance is justified [80]. The effective advance 

value is set in each specific case for a specific breakage face, and depends on the 

mined seam thickness and the enclosing rocks composition (figure 4.11). 

 

 
 

Figure 4.11 – The reference pressure zone length l (m) depending on the mined seam 

thickness m (m) and the development depth Н (m) 

 

The essence of the strengthening support operation consists in that it forms a 

single “support – immediate roof – main roof” system due to the “stitching” rocks 

with anchors into one load-bearing structure. In addition, the development of 

strengthening zones around the support of the mine working helps to strengthen the 

zone of maximum rock stratification. 

The reference pressure distribution ahead of the long-wall face at various 

speeds of its movement is presented in figure 4.12. 
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1, 2 – respectively with easy-to-control, medium-to control and difficult-to-control roof 
 

Figure 4.12 – Reference pressure distribution ahead of the long wall face with 

different speeds of its movement 

 

The production processes associated with the construction of the roof bolting of 

the secondary level of supporting are not a limiting factor for coal mining in the 

breakage face, since the speed of their construction is 4-5 times faster than the speed 

of the working face movement. 

 

4.7 Example of Calculating Deep-laid Anchors for the Conveyor 51к7-в 

Drift of the Kostenko Mine 

An analytical calculation is made (figure 4.13), taking into account the mining 

and technological characteristics of the working shown in table 4.1. The depth is           

670 m. 

 

 
 

Figure 4.13 – Stratigraphic section and strength parameters of mine rocks around the 

working 
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The rocks of the seam roof are represented by mudstones with the thickness of 

0.2-0.5 m and siltstones with the thickness of 3.5 m. The strength of mudstones is 2.2, 

that of siltstones is 3.4 on the scale by Prof. Protodyakonov. The immediate roof is of 

medium stability, sandstone with the thickness of up to 36.7 m, strength is 5.4-5.5. 

 

Table 4.1 – Mine working characteristics 
 

Working name Length, m Width, m Height, m 
Cross sectional 

area, m
2
 

Support type Strap type 

Conveyor 51к7-

в drift 
210 4 3 12 

Anch. 

9 anch/run. m 
ММ 

 

The Rc value of the roof rocks is determined after outcropping for the anchor 

length [81]: 

 

 

 

A single-level roof bolting cannot be used. 

There is determined the movement by the nomogram - UТ=158 mm. 

 

ммККKKUU 1509,88111325,075,0158авштм <=⋅⋅⋅⋅⋅⋅=⋅⋅⋅⋅= α . 

 

where , since МПа, there is calculated /

CKR of the roof rocks after 

outcropping for the distance up to 1.5В, m. 

 
( )

МПаRCK 355.38
6

9,0555,2345,3/ >=
⋅⋅+⋅

=
 

 

where ,35/ МПаRCK >  there is used the calculation scheme – two-level roof bolting. 

The length of the first-level anchors is determined taking into account the 

nature of the rock pressure manifestations, the design of the roof bolting and the 

depth of the zone of possible rock collapse according to the formula: 

 

          ℓa= ℓ в+ ℓ з+ ℓ п,     

 

where ℓ в – the depth of the possible collapse of the arch rocks, m; 

    ℓз – the value of deepening into the stable zone of the rock massif; it makes 0.3 

– 0.5 m; 

   ℓп – the length of the anchor part that is protruding from the hole; it depends on 

the design and the thickness of supporting elements (0.1-0.2 m). 

The rock collapse arch height in the roof with stable rocks in the working sides 

is determined by the formula: 
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, 

 

 

where а – a half span of the working along its width, m; 

φ – the rock internal friction angle; 

f – strength by the Prof. Protodyakonov scale and is determined by formula 

(2.4); 

h – the working height, m. 

 

ℓa= 1.3+0.5+0.1=1.9 m, 
 

since the value is less that 2.4, the anchor length is taken as  equal to 2.4 m. 

By the /

вl value there os determined the density of the anchors mounting in the 

roofе: 

 

 
 

, 

 

where  – average weighted volumetric mass within the zone of rock collapse, 

kN/m
3
; 

 – the overload  factor, , since  МPа; 

 the calculated bearing capacity of the anchor, 100 kN. 

The diatnce between the anchors: 

 

. 

 

The number of anchors in a row in the working roof: 

 

 
 

There are taken 5 anchors for mounting. 

The step of mounting the roof bolting (the distance between the anchor rows): 

 

 
 



91 

There is taken the distance equal to 1.0 m. 

Calculating parameters of deep-laid anchors 

Determining the height of the natural equilibrium arch 

The condition of stability for the mine working sides: су   γR k H≥
 

 

;2,136700164,02,1,10 МПаHkRcy =⋅⋅== γ  

.HkRcy γ<  

 

Since the condition is not observed, 7,0=Β p . 

The natural equilibrium arch above the mine working is determined by the 

formula: 

рсвсв Bkh =
 

 

,82,3)4,14(7075,0св =+⋅=h  

 

where hсв=0,7075 – the arch factor. 

Вр is the calculated width of the mine working taking into account possible 

collapse (coal spalling) in the sides determined by the formula: 

 

рр в2+= BB   
 

The expected pressure of the natural equilibrium arch per one running meters 

of the mine working from the roof supported with deep-laid anchors Рсв, is 

determined by the formula: 

 

     
мкНP /3515,2582,34,5

3

2
св =⋅⋅= ; 

3/5,25
6

61,25,25,25,3
мкНк =

⋅+⋅
=γ . 

 

The calculated specific pressure of the natural equilibrium arch rocks on the 

deep-laid anchors Рсв.у, kN/m
2
, is determined by the formula: 

 

В

Р
P св=

св.у ;       

./88
4

351 2

св.у мкНP ==
 

 

The expected specific pressure of the natural equilibrium arch rocks on the 

deep-laid anchors Рв.к.у, kN/m
2
, is determined by the formula (minus the share of the 

first-level anchors resistance): 
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Пкв nkh
В

В
P γlр.в.нксв

р

в.к.у γ
3

2
−= ; 

,/5,445,2253,23,05,52,823
43

4,52 2

в.к.у мкНP =⋅⋅⋅−⋅
⋅

⋅
=

 
 

where kр.в.н – the discharge factor of the deep-laid anchors of the first level that is 

determined by the formula: 

 

                         ;
св

в
р.в.н

h

ll
k з+

= .      

                                            .3,0
82,3

2,1
р.в.н ==k

 
 

The length of the deep-laid anchors (rope anchors) is determined by the 

formula: 

 

взсвк.а llhl ++= ;      

 

,02,52,0182,3к.а мl =++=
. 

 

where lз – the length of the deep-laid anchor fixing above the natural equilibrium arch 

contour; it is taken not less than 1 m; 

   lв – protruding into the working part of the anchor; it is taken equal to 0.15 m. 

The obtained anchor length is rounded off to 0.5 m upward. 

The deep-laid anchors are mounted between the rows of the first level anchors. 

Mounting deep-laid anchors with a medium-resistant immediate roof is carried 

out at the distance no more than 20 m from the bottom of the mine working. When 

the thickness of the immediate roof exceeds the active length of the first level 

anchors, deep-laid anchors are mounted at the distance no more than 10 m from the 

face. 

The density of mounting deep-laid anchors Пв.к is determined by the formula 

[82]: 

а.

в.к.у

в.к
П

к
N

Р
= ;       

.,2,0
210

5,44
Пв.к м==  

 

where Nк.a= 210 kN – the bearing capacity of the deep-laid anchor. 

The distance between the rows of deep-laid anchors ..КВС
 
and the first level 

anchors кС is the same ( кКВ СС =.. ), since the deep-laid anchors are mounted between 

the rows of the first level anchors. 

The number of deep-laid anchors 
р.в.кn  in a row is calculated by the formula: 
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р.в.к в.к в.к = Пn В С ;  

  
.8,012,04... =⋅⋅=кврn
 

 

One (two) rope anchor is mounted. 

The height of the natural equilibrium arch of the rocks above the mine working 

(hсв) (figure 4.14). 

 

 
 

Figure 4.14 – Calculation model for determining the arch of natural equilibrium 

height  

 

The arches of natural equilibrium can be divided into four groups [83]: 

– flat arches, the elevation angle is smaller than or equal to half the span: 

hсв/В<0.5;  

– low arches, the elevation angle is greater than half the span or equal to the 

span: 0.5 <hсв/ В< 1.0;  

– medium arches, the elevation angle is greater than the span, but smaller than 

or equal to one and a half span: 1.0 <hсв/ В< 1.5;  

– high arches, the elevation angle is greater than one and a half span width:  

hсв/ В> 1.5. 

The calculation  performed shows that it is possible to use the roof bolting in a 

two-level scheme without using prop supports (figure 4.15) for the following 

conditions: workings and junctions up to 12 m wide; previously driven and formed 

dismantling chambers; strengthening the support of the workings for the purpose of 

their reuse and pillarless mining of coal reserves; strengthening the support of the 

workings for the purpose of the breakage face operation without the use of powered 

supports of the junctions; strengthening the support of the workings with the aim of 

preserving them for gas control, drainage, and providing emergency exits; 

strengthening the support of the drifts in the zone of advance rock pressure; ensuring 

stability of the contour rock massif of mine workings in unstable rocks, in zones of 

geological disturbances, etc. 
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а 

 
b 

 

а – profile; b – section 
 

Figure 4.15 – Diagram of supporting the conveyor 51к7-в drift of the Kostenko mine 

in the breakage face using deep-laid anchors 
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5 PRODUCTION TESTS OF TECHNOLOGICAL DEVELOPMENTS 

IN THE CONDITIONS OF THE ABAYSKAYA MINE OF THE CD 

ARCELORMITTAL TEMIRTAU JSC 

 

5.1 Testing Rope and Composite Anchors in Mines 

Pilot tests of rope and composite anchors of the KSTU design were carried out 

in the Abayskaya mine of the Coal Department of ArcelorMittal Temirtau JSC           

[84, 85]: rope anchors 5 m long in the amount of 30 pieces and the rope diameter of 

19 mm (figure 5.1a); composite anchors (figure 5.1b) 4.8 m long in the amount of 10 

pieces of the KSTU design into the roof of the conveyor 231к18-с drift chamber of the 

к18 seam (Appendix С). 

 

     
 

                                        а                                                                  b          
 

а – rope anchors; b – composite anchors 
 

Figure 5.1 – The anchors of the KSTU design 

 

The work was carried out in accordance with the passport for the extension of 

the conveyor drift from PK75+5 to PK77+5 in order to strengthen the roof of the 

chamber for the distribution point of the long wall face in the conveyor drift (figure 

5.2) [86]. 
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а – cross section with the working extension for the chamber  
 

Figure 5.2 – Теchnological passport of the extension for the conveyor 231к18-с drift  

chamber, sheet 1 
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b 

b – general view of the supported chamber 
 

Figure 5.2, sheet 2 

 

To mount the anchors, a well was drilled using the Super Turbo plant (figure 

5.3) with the diameter of 28 mm and the length of 4.9 m, for the rope (figure 5.4) or 

composite (figure 5.5) anchors. 

 

                  
 

                                       а                                                                      b 
 

а – drilling a hole (a well) into the roof; b – drilling a hole (a well) into the section corner 
 

Figure 5.3 – Drilling a hole (a well) with a Super Turbo drilling plant  
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       а                                                        b                                                            с 
                 

а – before mounting; b – mounting in the hole; c – passport 
 

Figure 5.4 – Mounting a rope anchor in the hole in the working roof 

 

          
 

а                                                       b 
 

а – mounting in the hole with a drilling plant; b – mounted anchor 
 

Figure 5.5 – Mounting composite anchors in the course of pilot testing  

 

The rope anchor was mounted in one step, and the composite one in two steps:  

first the upper part in the mouth, then the coupling was wound, the lower part of the 

anchor was wound and the anchor was inserted into the hole (5.6). 

Changes were made to the design of the rope anchor by the mine. To ensure 

connection with the rig adapter, a 50 mm long hexagon was welded onto the rope 

anchor or the support coupling was ground for a square with the side of 20 mm 

(figure 5.6) [87]. 
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                      а                                                       b                                           c 
 

а – the upper part mounted; b – the lower part wound; c – the composite anchor mounted 
 

Figure 5.6 – Mounting composite anchors in the course of pilot testing 

 

In the design of the rope anchor, the mine has made changes. To ensure 

connection with the drilling rig adapter, a 50 mm long hexagon was welded onto the 

support coupling of the rope anchor, or the support coupling was ground as a square 

with the side of 20 mm (figure 5.7). 

 

                     
 

                             а                                                                                  b 
 

а – chamfered end; b – ground for a square coupling or welded hexagon 
 

Figure 5.7 – Changes made by the mine in the rope anchor design  

 

The use of composite anchors provides the following advantages: labor input 

of delivery to the face is reduced; there is no need to tighten the anchor after 

mounting; it is not necessary to expand the base plate for welding under the coupling 
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(with a rope anchor) (figure 5.8a); the anchor mounting time is reduced (figure 5.8b) 

[88]. 

 

                         
 

                                а                                                         b 
 

а – for the support sleeve; b – relatively low time expenditures 
 

Figure 5.8 – Increasing the diameter of the bore hole in the support plate of the rope 

anchor for mounting a composite anchor 

 

There were carried out pilot tests of KSTU rope anchors in the junction with 

the 231k18-s ventilation drift with a mounting chamber for mounting the Glinnik 

15/29 powered complex in the 231k18-s mounting chamber (Appendix С). 

The figure 5.9 presents the technological diagram of supporting the ventilation 

231к18-с drift junction with the mounting chamber using rope anchors. 

Drilling holes for rope anchors with the length of 5.0 m and the diameter of 19 

mm was carried out by the drilling rig SRB (Russia) (figures 5.10, 5.11) [89]. 

Two rope anchors with the length of 5.0 ms and the rope diameter of 19 mm 

were mounted for two chemical ampoules. When testing the bearing capacity with the 

help of the POWER TEAM RH 302 Model C anchor-extractor (figure 5.12), the 

overpressure of 500 bar (28 t) was achieved, which corresponds to more than 0.6 of 

the pressure limit technical characteristics of the rope anchor, which allows 

concluding that its parameters correspond to the declared technical characteristic. 

Polyester ampoules ARP600 600 mm long with the hardening time of 120 sec 

were used as chemical fixing agents. 

When mounting the anchors, an adapter with the 36 mm hex socket was used 

[90]. 

With the continued use of rope anchors, it is recommended to reduce the outer 

diameter of the guiding rigid tube from 26.5 to 25 mm. 
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Figure 5.9 – Technological diagram of supporting the ventilation 231к18-с drift 

junction with the mounting chamber using rope anchors 
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а                                                         b 
 

а, b – respectivle drilling with a starting borer and for the full hole length 
 

Figure 5.10 – Technology of drilling holes for rope anchors using the  

SBR drilling rig (Russia) 

 

             
 

а                                                   b  
 

а, b – respectively mounting to the guiding tube, for the full length and mixing the fixing 

chemical compound 

 

Figure 5.11 – Technology of mounting rope anchors, sheet 1  
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c 
 

c – respectively mounting to the guiding tube, for the full length and mixing the fixing 

chemical compound 
 

Figure 5.11, sheet 2 

 

      
  

a                                                                      b 
 

a – mounting the instrument; b – pulling the anchor out of the well 
 

Figure 5.12 – Determining the bearing capacity of rope anchors АК18 using anchor 

extractor POWER TEAM RH 302 Model C 
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5.2 Using Technological Developments with the BlockpurS Two-

component Polyurethane Resin  

There were approbated the developed technological solutions in the production 

pilot experiments. 

 

5.2.1 Laboratory and Pilot Testing of the BlockpurS Polyurethane Resin    

The BlockpurS two-component polyurethane resin (manufactured by DSI 

Techno LLC (Kemerovo, Russia) was tested in the laboratory. 

In the process of testing, the following measurements were made: the curing 

time of the chemical composition; the temperature of the chemical reaction of the 

composition; the volume after mixing the composition (figures 5.13, 5.14, 5.15) [91, 

92]. 
 

   
 

                        а                                                                           b 
 

а – test conditions; b – appearance after foaming 
 

Figure 5.13 – The BlockpurS two-component polyurethane resin  
 

                  
 

а                         b                                   c                                       d 
 

а, в – components; c – analytical scales; d – mixing stage  
 

Figure 5.14 – Testing balance and the appearance of the BlockpurS resin  

before solidifying 
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                      а                                                   b                                             c 
 

а – of the mixing reaction; b – foaming (b) two components А and B of the BlockpurS two-

component polyurethane resin; c – various foaming ratios in the laboratory testing of the resin after 

solidifying 
 

Figure 5.15 – Resin mixture appearance at the temperature  

 

The tests were carried out using the following instruments and tools: electronic 

scales, stopwatch, electronic thermometer. The components were mixed in paper cups 

indoors at the air temperature of 28.9°С. 

In the course of testing, the temperature of the components of the BlockpurS 

resin was as follows: sample No. 1: component А-26.5°С; component В-26.3°С; 

sample No.2: component А-23.8°С; component В-24.8°С. The compositions were 

mixed in paper cups indoors at an air temperature of 27.3°C. The BlockpurS test 

results are shown in table 5.1. 

 

Table 5.1 – Test results of the BlockpurS two-component polyurethane resin  
 

Time of the 

compound 

solidifying 

Time of the B component 

crystallization 

Temperature of the 

chemical reaction 

Foaming ratio, 

unit fractins 

Sample No.1 

170 s. 

50 hours 

(at 24˚) 
143°С 6 

Sample No.2 

183 s. 

52 hours 

(at 25˚) 
132.5°С 4 

  

In the course of testing, the temperature of the components of the BlockpurS 

resin was as follows: component А-24.1°С; component В-24.9°С. The compositions 

were mixed in paper cups indoors at the air temperature of 27.3°C. 

According to the results of laboratory tests, the following results were 

obtained: when foaming and solidifying the BlockpurS two-component polyurethane 
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resin the temperature did not exceed 132.5-143°C; the crystallization time was 50-52 

hours; the foaming ratio was 4-6; the solidifying time of the chemical composition 

was 170-183 s. 

Although polyurethane resins are injected into the rock for which the reaction 

temperature is not important, elevated temperatures can lead to ignition of coal dust, 

lost coal during mining and accumulation of methane. 

Given the positive indicators of solidifier crystallization, the reaction temperature 

of the composition during foaming BlockpurS produced by the DSI Techno LLP, 

Russia, Kemerovo, pilot tests were conducted in the mines of the Karaganda coal 

basin. 

 

5.2.2 Pilot Tests of the BlockpurS Two-component Polyurethane Resin  

Industrial tests of the BlockpurS two-component polyurethane resin 

(manufactured by the DSI Techno LLC (Kemerovo, Russia) were carried out in the 

Kazakhstanskaya mine, CD ArcelorMittal Temirtau JSC (Appendix С). 

There is used the technology when mining the lower layer of a powerful layer 

d6 with lava 324d6-2-v, the upper layer of which was worked out 4.5 years earlier, 

which allows caking and compacting to the collapsed rocks of the immediate roof of 

the layer. 

The technology is applied when mining the lower layer of the thick д6  layer 

with the 324д6-2-в long-wall face, the upper layer of which was worked out 4.5 years 

earlier, which allows caking and compacting the collapsed rocks of the immediate 

roof of the seam. 

Perforated tubes for injecting resins are located in the middle of the mine 

working (figure 5.16) of the 324д6-2-в  conveyor drift (as well as the side of the coal 

massif of the long-wall face) adjacent to the breakage face, and are located through 

two frames of a metal arch support  to the third one that makes 1.5 (1.0) m [93]. 

 

Óçåë 1

Óçåë 2

 
 

Figure 5.16 – Technology of supporting a long-wall face junction with  

the conveyor drift 

 

The length of the tube is 1.5-2.0 m, of which the length of the perforated part 

with 5 holes is 0.6 m. The first option is preferable, because a strong massif bonded 

with resin is firmly held in contact; in the second option, it is partially cut off by a 

narrow-engaging shearer cutting down to the lower junction. Through the perforated 
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tubes, in order to gain sufficient strength of the destroyed massif, it is necessary to 

supply one set of BlockpurS resin (23+25=48 kg). Through the perforated tubes, 5 

sets of resin were pumped with a hydraulic pump on the ST-DP-40 pneumatic 

actuator. 

From the side of the breakage face, resin is injected through the IRMA 

injection anchor 2.5-3.0 m long (at the distance of at least 0.75 m from the drift), 

mounted in a drilled hole, with the first linear and 148
th

 section of the powered 

support with the slope of 20° in the direction of the destroyed rocks located in the gap 

of the ljng-wall face with the conveyor working. Two sets of resins (possibly a 

portion of 1.0-1.5 sets) were pumped through the IRMA anchor with a sealant to 

provide the needed strength and stability of the rock massif in the gap. Resin was 

pumped through perforated tubes into a pack of caked rocks of the upper layer of the 

д6 thick layer from conveyor and ventilation drifts (figure 5.17) [94, 95]. 
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Figure 5.17 – Теchnology of pumping resin in the destroyed rocks through the 

perforated tubes from the conveyor drift 

 

Comparison of resins during operation according to the results of industrial 

tests at the Kazakhstanskaya mine of the Karaganda coal basin is presented in table 

5.2. 
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Table 5.2 – Comparison of resins during operation according to the results of 

industrial tests at the Kazakhstanskaya mine of the Karaganda coal basin 
 

Signs of resins in operation (when pumped in the destroyed massif) 

Bevedol-Bevedan BlockpurS 

The rock mass 

bound by resin is 

close in properties to 

the elastic-rubber 

state (viscous, soft 

without strength) 

Figure 5.18а 

The mass of rocks fixed by resin is 

inelastic (massive-monolithic) and 

strong. Pieces of rock do not come 

off the fixed massif. The injected 

resin into the destroyed mass due 

to the foaming factor creates 

additional stress in the coal mass, 

increasing its strength. 

Figure 5.18b 

Less active adhesion 

to rocks in contact 
Figure 5.19 

Good adhesion to the rock mass; 

after separation, the resin leaves a 

mark on the surface of the rock 

being bonded. 

Figure 5.20 

Does not form a 

solid monolith; the 

rock-bound mass of 

rocks is quite loose, 

especially with wet 

rocks 

Figure 5.20b 

It forms a strong rocky bonded 

mountain range in the gap between 

the conveyor drift and the first 

linear section of the powered 

support of the long wall face 

Figure 5.20а 

and 5.21 

The resin 

consumption per set 

pumped into one 

perforated tube from 

the drift is 65 kg. 

By the 

operational 

characteristic 

It forms a stable mine massif with 

overhanging strong blocks, 

including those above the passage 

into the bottomhole space of the 

long wall face from the obstruction 

side of the drift. 

By the operational 

characteristic 

Poor interaction 

between adjacent 

injected batches of 

resins through 

adjacent perforated 

tubes 

Confirmed 

by the 

practice of 

use 

The presence of wet rocks fixed by 

resin does not affect the the 

bonded massif strength. 

Good interaction 

between adjacent 

resin injections 

through perforated 

tubes from the drift 

 

 
 

                        а                                                                              b 
 

а – with the Bevedol-bevedan resin; b – with BlockpurS polyurethane resin 
 

Figure 5.18 – Bonded rock mass 
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                        а                                                                              b 
 

а – on separate pieces of rock; b – right view 
 

Figure 5.19 – Insignificant adhesion of the Bevedol-Bevedan resin on lumpy rock 

mass 

 

      
                        а                                                                              b 

 

а – in rock mass; b – on separate pieces of rock 
 

Figure 5.20 – Adhesion of BlockpurS polyurethane resin on a piece of mudstone rock  

 

 
 

                                      а                                                                b 
 

а – BlockpurS; b – Bevedol-Bevedan 
 

Figure 5.21 – Comparative strength characteristic of the BlockpurS and  

Bevedol-Bevedan resins 
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By the results of industrial tests of BlockpurS polyurethane resin at the 

Kazakhstanskaya mine of the Karaganda coal basin, it was found [96, 97]: 

– good interaction between adjacent resin injections through perforated tubes 

from the drift; 

– at least not lower but higher strength of the bonded loose rock mass with the 

Blockpur C resin with its lower consumption compared to the Bevedol-Bevedan 

polyurethane resin; 

– there is a certain adhesion to the metal surfaces of the arch metal and sheet 

profiled tightening; 

– good bonding of small and large fractions of the rock is achieved, at this  the 

resin penetration in small cracks (0.15-0.2 mm in size), foaming and hardening in 

gaps and in voids is achieved (figure 5.22). 

 

       
 

                а                                               b                                            c 
 

а – with resin; b – adhesion to the metal surfaces of arch metal and sheet profiled scrap; c- 

bonding of small and large fractions of the rock 
 

Figure 5.22 – The interaction of large and small fractions of rocks  

 

The industrial tests of the BlockpurS polyurethane resin at the 

Kazakhstanskaya mine in the conditions of the 324д6-2-В long wall face passed with 

a positive assessment of using the resin for fixing damaged, loosened rocks. 

The pilot tests carried out allowed adapting and applying the developed 

technological solutions when using the BlockpurS two-component polyurethane 

resin. 

 

5.2.3 Technical Feasibility of Using Two-level Support in the Zone of 

Reference (Increased) Pressure ahead of the Stoping Operations Front 

In the absence of advance preventive supporting ahead of the reference 

pressure zone to ensure stability of the mine workings contours, which fell into the 

zones of the effect from the displacement of the main roof rocks, from the pinched 

cantilever beam of collapsing main roof blocks above the section of the seam ahead  

of the working face, there are increased deformations of the conveyor and ventilation 

workings that contour the excavation column [98]. This leads to the need of 

disassembling the side walls in the area of the drift loading crane and rearranging the 

side legs of the frame pliable metal arch support (or side anchors), mounting mine 

wooden props and expanding hydraulic props (friction props) to maintain the roof of 
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the workings in this zone; digging the soil by the Hausher digger machine. The 

calculation was made through a comprehensive rate of production and pricing for 

certain types of work performed (process-by-process) [99]. 

The following labor and material costs are required to complete the above 

work. 

A. Dismantling the side walls in the area of the loading crane with a 

jackhammer (on the conveyor drift, both sides): each shift from both sides of the 

mine made a link of two miners with salary of 20 thousand tenges per shift: 

a) material costs per month (salary for 24 working days): 

– 3 shifts/day x 2 people x 20,000 tenges / shift x 24 days. = 2,880,000 

tenges. 

B. The costs of rearranging the side legs of a frame pliable metal arch support 

(or side anchors) are carried out by the same link of workers. 

C. The cost of mounting mine wooden props  and spreader hydraulic props 

(friction props) to maintain the roof: 2 people per day with salary of 20 thousand 

tenges per half shift (3 hours for salary of 10 thousand tenges) will mount 12 

scaffolds based on the daily movement of the long wall face (3 m per day): 

– salary: 1 shift x 2 people. x 10,000 tenges x 24 days = 480,000 tenges. 

D. The cost of materials per month: 

– hydraulic props GVKU - 32 pcs. x 100 = 3,200,000 tenges. When reused 

(depreciation 25%): divided into 4 years by 12 months: 67,000 tenges per month; 

– friction props ST-30 - 11 pcs. x 30,000 tenges = 330,000 tenges: 

(depreciation 25%): 7,000 tenges per month; 

– timber per 1000 tons of production, consumption 0.31 m
3
, taking into 

account 50% of reuse: 0.31 x 20 000 = 6,200 tenges. 

E. Undermining of soil with the Hausher digger (the long wall face advancing 

3 m per day: salary): 

– 1 shift/day x 1 p x 20,000 x 24 days. = 480,000 tenges. 

Excluding energy costs and depreciation of equipment (Hausher digger). 

The pace of the tunneling face is reduced by 10%. The loss of production 

(10%) at the cost of 10,000 tenge / t at the load of 3,000 t / day: 300 t / day. x 24 = 

7,200 x 10,000 tenges / t = 72,000,000 tenges per month. 

The total costs per month: 2,880,000 + 480,000 + 67,000 + 7,000 + 6,200 = 

3,440,200 tenges. 

The cost of preventive two-level support ahead of the zone of reference 

pressure per month: 

A. Mounting 4.5 cable anchors for the daily movement of the long wall face (at 

the rate of 3 cable anchors in a row every 2 meters): 

– 4.5 cable anchors/day x 24 days x 15,000 tenges/anchor = 1,620,000 tenges. 

B. Salary: 2 people x 1 shift x 20,000 x 24 = 960,000 tenges. 

C. Anchor mounter: cost - 3,000,000 tenge: service life - 48 months 

(depreciation 25%): = 62,500 tenges per month. 

The cost with compressed air consumption: 0.5 tenges / m
3
 x 100 / m

3
 / day x 

24 days = 1200 tenges. 

Total: 1,620,000 + 960,000 + 62,500+ 1,200 = 2,643,700 tenges. 
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The economic effect of a preventive two-level supporting ahead of the zone of 

reference pressure is: 

3,440,200 tenges - 2,643,700 = 796,500 tenges per month or 9,558,000 

thousand tengesper year excluding the loss of production in the breakage face. 

The developed methods of supporting the enclosing massif will allow 

controlling geomechanical processes in order to avoid formation of zones with 

excessive stress-strain state of the massif in order to increase stability and to reduce 

the defectiveness of the rock massif. 
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CONCLUSION 

 

When driving mine workings and developing coal seams, due to imbalance of 

rocks and redistribution of natural stresses, in mines there occur geomechanical 

processes that are realized in the deformation, destruction, displacement and 

movement of various masses of the rock massif. Geological, mining and 

technological factors have the decisive effect on the development of rock pressure 

resulting from the interaction of carbon-bearing rocks with mine workings. 

The geomechanical conditions of supporting mining workings in the basin at 

great depths are characterized by increased complexity due to low strength of the 

rocks enclosing the coal seams, especially soils that already at low concentrations of 

rock pressure are prone to intense heaving. The deformed state of massifs is a 

consequence of interaction of stress fields and properties of the massif (for the most 

part, physical-and-mechanical). 

The dissertation presents the results of scientific and applied studies of 

production processes of the technology for conducting preparatory work in 

complicated mining conditions for coal seam mining; formation of the software 

environment for determining the stress state of rocks near mine workings in 

complicated mining-and-geological and mining-technical conditions for predicting 

zones of the massif stratification; the development of technological schemes for 

strengthening the enclosing coal-rock massif of workings based on digital modeling 

of its deformed state; the development of methods for controlling geomechanical 

processes during mining operations at the deep levels of coal mines; manufacturing 

pilot industrial designs of multi-level, multi-purpose strengthening systems for the 

contour rock massifs and their testing and monitoring the implemented technologies 

for supporting mine workings. 

As a result of a complex of laboratory, mine, and analytical studies, 

geotechnological principles have been developed for supporting mine workings at all 

the stages of their existence: from driving to supporting in the course of operation. 

The main scientific provisions to be defended: 

− the integrity of the roof reinforced with anchors 2.4 m long is maintained at 

horizontal stresses up to 15-16 MPa, and at stresses of 16-19 MPa and higher the 

integrity of the roof is ensured by mounting rope anchors (5-7 m long);  

− with increasing vertical stresses (more than 20 MPa), it is performed by 

linking the contour massif of weak rocks with upstream rocks using deep-laid 

anchors, which leads to the suspending the formed support beam of rocks to the 

stable massif and balancing the load on the support of the mine working; 

− the angle of inclination of the contour rope anchor with the reduced advance 

equal to 1.0 m for workings of the rectangular shape is recommended to be equal to 

75-77° at minimum normal stresses, when mounted in the zone of mining (stoping) 

operations ahead of the long-wall face. 

Scientific novelty of the work consists in justification  of qualitative and 

quantitative parameters of the contour supporting of mine workings, taking into 

account geomechanics of the coal-rock enclosing massif, based on the developed 

technological approaches, to provide safe conditions and increase labor efficiency in 
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high-performance stoping and development faces; studying the stress-strain state of 

the rock massif when supporting the workings in the zone of the reference pressure 

ahead of the long-wall face; establishing the technological factors impact on the 

conditions of supporting the contours of mine workings: the angle of inclination of 

the contour anchors on the stress state of the rock massif; the location of the contour 

support relative to the bedding of rock layers; determining the parameters of a single-

level beam roof bolting; the location of the contour support relative to the elements of 

the development with heaving bed rocks; the development of a supporting contour 

beam over the working with establishing the impact of the enclosing rock strength on 

the magnitude of stresses and stratifications of the contour rocks: 

– the bearing anchor beam provides reducing the stresses perpendicular to the 

layering of rocks with a single-level anchor support by 10-15% and a smaller spacing 

on the working sides by 20%; reduction of heaving of the working soil by up to 5%; 

– the effect of the enclosing rocks strength on the magnitude of stresses and 

stratifications of contour rocks: 2.4 m for strong rocks (compressive strength 40-60 

MPa); 2.6 m for medium-strength rocks (compressive strength 35-40 MPa); 2.8 m for 

low-strength rocks (compressive strength less than 35 MPa) and 3.8 m – for unstable 

rocks; 

– regularities of the effect of the anchor length, the depth of development and 

the thickness of the unstable layer (for example, mudstone) on the stability of a 

rectangular mine section. 

The results of studies for improving and implementing the technological 

schemes of driving mine workings with rope and composite anchors were 

implemented in the mining conditions of the Abayskaya mine of the CD 

ArcelorMittal Temirtau JSC with an industrial experiment in underground conditions.  
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