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Abstract. At the present time, the combined roof bolt and frame supporting of mine workings is actively used in the 
coal mines of Ukraine in a wide range of geological conditions with almost no restrictions by the type, purpose, lifespan, 
section and location of mine workings in the rock massif. As was illustrated by practical experience, the high 
concentration of works in the mine working face constrains the rate of development, complicates the implementation of 
technological operations and leads to the technology violation and work safety. To ensure the intensification of mining 
operations, the existing technologies of the combined roof bolt and frame supporting should be improved in a such way, 
in order to reduce the concentration of works in mine working face, to make the primary roof bolts setting in the mine 
working face more convenient without violating the safety rules. The purpose of the work is to develop the technological 
schemes for the phased construction of bearing and roof bolt supporting of mine workings, to modify the technology roof 
bolt supporting of mine workings in the conditions of increasing the coal mining intensity.  

The technological schemes have been developed for the phased construction of roof bolting and frame support. 
This schemes make it possible to temporarily postpone the setting of frames in the mine working face, reduce the time 
and labour intensity for covering with a grid of the mine working arch and setting the bolts, as well as to increase the 
safety. The analysis of changes in the stress state of the border massif during the phased construction of roof bolting 
and frame support has been made. It is shown that the technology of phased construction of roof bolting and frame 
support ensures the maintaining a stable state of host rocks. In addition, the time between the extraction of the coal-rock 
mass and the setting of the primary support, as well as the distance between the face and the first row of roof bolts has 
been reduced to a minimum. The suggested approach makes possible to ensure the rate of preparatory mine workings 
development that are necessary for the intensification coal mining. The new technology has been tested in the conditions 
of the Pavlogradska Mine and Stepna Mine, where the setting of frame supports and side roof bolts has been made with 
a certain lagging. 

Keywords: technology roof bolt supporting, construction of roof bolting, stress state of the rocks, mine working face. 

 

Introduction. At the present time, the combined roof bolt and frame supporting 

of mine workings is actively used in the coal mines of Ukraine in a wide range of 

geological conditions with almost no restrictions by the type, purpose, lifespan, 

section and location of mine workings in the rock massif [1-4]. As was illustrated by 

practical experience, despite the advantages, this type of supporting also has 

disadvantages. The high concentration of works in the mine working face constrains 

the rate of development [5, 6], complicates the implementation of technological 

operations and leads to the technology violation and work safety. For example, in the  
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mine working face, the arch support frames are set first, the grid is being hanged, but 

the roof bolts are to be installed with significant delays. All this violates the 

principles of bearing roof bolt supporting, reduces the work safety and the 

effectiveness of modern resin-grouted roof bolts application and the supporting as a 

whole [7, 8]. The importance of time of setting the supporting elements after the face 

recedes is also shown in the works [9, 10]. The process of mine workings 

performance in time and changing the mechanical properties of the computational 

system in the work [10] is modelled with the use of initial stresses procedure. 

Therewith, it is shown that the sequence of mining operations has a significant 

influence on the stress values in the support elements at the completion of the mine 

working development. 

To ensure the intensification of mining operations, the existing technologies of the 

combined roof bolt and frame supporting should be improved in a such way, in order 

to reduce the concentration of works in mine working face, to make the primary roof 

bolts setting in the mine working face more convenient without violating the safety 

rules. Therefore, the purpose of the work is to develop the technological schemes for 

the phased construction of bearing and roof bolt supporting of mine workings. 

Development of technological schemes for the phased construction of  

bearing and roof bolt supporting. The technology of construction of roof bolt and 

frame supporting consists of a number of technological operations. It is known from 

the practical experience that the most time-consuming and long-term of them are the 

setting of arch support and bolting-up. These operations are performed in the mine 

working face, which complicates their implementation. Therefore, in order to 

increase the rate of mining operations, it is proposed to divide in time the process of 

roof bolting and frame construction in the mine working face into several stages:  

- setting the primary scheme for the roof bolt supporting (Fig. 1); 

- intermediate strengthening of support (Fig. 2) with side roof bolts and, in some 

cases, with frames;  

- supplementing of the intermediate scheme of the roof bolting and frame support 

to the full one (Fig. 3). 

 

 
Figure 1 – An example of the primary scheme for the roof bolt supporting 
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The primary scheme for the roof bolt supporting consists of the minimum 

required number of roof bolts and is calculated based on the conditions of 

maintaining a stable state of mine working for a period of time until the subsequent 

support strengthening. The place and time of setting - in the mine working face, 

immediately after face advance. The roof bolts 1-5, set with an inclination to a face, 

in addition to the advance supporting, have the functions of temporary support in the 

area adjacent to the face.  

 

 
Figure 2 – An example of a scheme for the intermediate strengthening of the roof bolting and frame 

supporting 

 

 
 

Figure 3 – An example of the complete scheme for roof bolting and frame supporting 

 

The intermediate strengthening of support consists of additional roof bolts (roof 

bolts 6 and 7 in Figure 2) and frames and is calculated based on the conditions of 

maintaining a stable state of mine working for an additional period of time prior to 

the construction of a complete supporting scheme. The place and time of setting the 

elements of the schemes for intermediate strengthening of support is 10-30 m from 
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the mine working face. In most cases - behind the mining machine. Thus, the rocks 

extraction by a mining machine is partially combined in time with the construction of 

support. The bolts B1-B4 (Fig. 3) strengthen the sides of mine working under the 

stratum and supplement the already constructed support elements to the complete 

scheme, which ensures a stable state of mine working for the whole period of its 

operation. The frame support is being set if it has not been installed at the previous 

stage. The place and time of setting 50-100 m from the mine working face, or more, 

depending on the stability of the mine working sides and the value of its bottom 

swelling. 

In order to ensure the stability of the mine working face, when using the 

developed phased technological schemes of supporting for the period of unproductive 

time, for example during on-shift repair work, it is planned to strengthen the primary 

scheme by increasing the number of roof bolts. 

Methods. A study of changes in the stresses field during the staged construction 

of the elements of the roof bolting and frame supporting is performed by means of 

computational simulation [11]. The unsteady stress state of the rock massif in the 

vicinity of mine workings is described by a system of equations [12]: 
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where сg – the damping coefficient, kg/(m
3
 s); ui – the displacements, m; ij,j – the 

derivatives of the stress tensor components along x, y, Pa/m; Xi(t) – the projections of 

the external forces acting on the volume unit of a solid body, N/m
3
. 

The problem is solved in an elastic-plastic formulation. For the mathematical 

description of the process of rocks changeover into a disturbed state, the Mohr-

Coulomb failure theory is applied. The initial and boundary conditions for the task 

are set to the following: 
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where  – the side thrust coefficient; H – the mining depth, m;  – the averaged 

weight of the overlying mine rocks, N/m
3
; 1 – the vertical boundaries of the outer 

contour; 2 – the horizontal boundaries of the outer contour.  

The problem is solved by using the finite element method [11, 13, 14]. 

To assess the stresses field, the following parameters were used: 

- Q = (1-3)/H characterizes the diversity of the stress field components (1, 3 

– maximum and minimum components of the principal stress tensor);  

- Smax=1/H characterizes the diversity of the maximum component stress field. 

The mine working with cross-section 15.1 m
2
 is analysed given the typical for 

Western Donbas mining and geological conditions with a heterogeneous composition 
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of host rocks. In the roof of mine working at a distance exceeding the zone of roof 

bolting, there is a coal interlayer. The properties of rocks are represented in Table 1. 

 
Table 1 – Mechanical properties of rock 

 

Rock 
Thickness, 

m 

Axial 

compressive 

strength, c, 

MPa 

Deformation 

modulus, Е, 

MPa 

Poisson’s ratio 

of rock mass 

Cohesion, 

C, MPa 

Friction 

angle, deg 

Sandstone 2 46 2.110
4
 0.36 11.9 35.0 

Siltstone 3 27 1.210
4
 0.31 7.8 30.0 

Coal 0.2 31 0.310
4
 0.25 8.8 30.5 

Siltstone 5.6 27 1.210
4
 0.31 7.8 30.0 

Coal 1.1 31 0.310
4
 0.25 8.8 32.5 

Argillite 9 25 1.110
4
 0.32 7.4 28.5 

 

The depth of mine working development 400 m. The thickness of the coal seam 

1.1 m. The roof bolt length 2.4 m. 

Results and discussion. The initial distribution of the stresses field parameters 

and inelastic deformation zone prior to the support setting are shown in Figures 4, 5.   

 

a) b)  

a – Q; b – Smax 
 

Figure 4 – The distribution of the geomechanical parameters values in the border rocks prior to the 

support setting 

 

 
 

Figure 5 – The zone of inelastic deformations prior to the support setting 
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In the virgin massif, outside the zone of mine working influence, the mine rocks 

are in the conditions of triaxial compression. The vertical component of the stresses 

field is determined by the weight of the overlying stratum of mine rocks, and the two 

horizontal components – by the side thrust of rocks. Since the side thrust coefficients 

are close to unity, the state of mine rocks in natural occurrence is close to uniform 

compression. The difference between the principal stresses components in the virgin 

massif is usually close to zero. During the development of mine working, the stresses 

field within the zone of its influence is changed. The minimum component tends to 

zero, and the maximum component increases (Fig. 4). Near the face, the dimensions 

of the inelastic deformation zone are insignificant, its depth does not exceed 0.3-0.5 

m (Fig. 5). 

Let us study the redistribution of parameters of the stresses field and inelastic 

deformation zone at the first stage of the support construction, Figures 6, 7. 

Immediately after the regular next rock extraction, according to the primary scheme, 

the main roof bolts with an inclination to the face are set into the mine working roof 

(roof bolts 1-5 in Figure 1).  

 

a) b)  

a – Q; b – Smax 
 

Figure 6 – The distribution of the geomechanical parameters values in the border rocks and roof 

bolts, the primary scheme of the support setting 
 

 
 

Figure 7 – The zone of inelastic deformations, the primary scheme of the support  

setting 
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The main roof bolts, in addition to the advance leading supporting, perform the 

function of temporary support in the area adjacent to the face. The bearing armoured-

rock beam (Fig. 6a) is formed in the mine working roof, which contributes to the rock 

strengthening, prevents their possible stratification and the collapse of potentially 

dangerous rock blocks. For a certain period of time, the increase in the zone of 

inelastic deformations is blocked (Fig. 7). 

In the soft rocks, the roof bolting and rock overlapping formed in the roof, works 

as a rigid inclusion. When the face recedes, the loads in the roof and sides of mine 

working increase. To maintain the overlapping in a stable state, it is necessary to 

distribute the load on the mine working sides. For this purpose, at the second stage of 

the support construction, the additional roof bolts (roof bolts 6, 7 in Figure 2) are 

being set and, if it is necessary, the frames are set. The horizontal projections of the 

additional roof bolts should extend beyond the line of the mine working sides of not 

less than 1 m. The specific schemes of strengthening are calculated based on the 

conditions of maintaining a stable state of mine working for an additional period of 

time prior to the construction of complete schemes of roof bolting and frame 

supporting. The distribution of parameters of the stresses field and inelastic 

deformation zone with an additional setting of one roof bolt in the upper part of mine 

working sides is shown in Figures 8, 9. 
 

a) b)  

a – Q; b – Smax 
 

Figure 8 – The distribution of the geomechanical parameters values in the border rocks and roof 

bolts, the intermediate scheme of the support setting 
 

 
 

Figure 9 – The zone of inelastic deformations, intermediate scheme of the support setting 
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At the third stage, the formation of a complete roof bolting and frame structure is 

being completed. The additional roof bolts are set into the sides of mine working 

(near the bottom roof bolts B1-B4 in Figure 3), strengthening the bearings for the 

roof bolting and rock overlapping in the roof. The frames are also being set if they 

have not yet been installed at the previous stage. The distributions of the stresses field 

parameters are shown in Figures 10, 11 after the face recedes at a distance of 60 m, as 

well as the setting of bottom roof bolts and a frame.  

 

a) b)  

a – Q; b – Smax 
 

Figure 10 – The distribution of the geomechanical parameters values in the border rocks and roof 

bolts, the complete scheme of the support setting 
 

 
 

Figure 11 – The zone of inelastic deformations, the complete scheme of the support setting 
 

With the setting of the roof bolts B1-B4, the process of pressing-out the coal in 

the sides of mine working is blocked, the formation of fractures is almost not 

developed. The values of the averaged geomechanical parameters in these zones are 

changed: the application of side roof bolts lowers the value of Q parameter and 

significantly increases the value of the minimum component of the principal stresses 

tensor. This indicates that the possibility of rocks destruction in the sides of mine 

working, which serve as a bearing for the roof bolting and rock overlapping in the 

roof, decreases. 

The performed studies have shown that there is a possibility to effectively 

distribute in time the order of setting the roof bolting and frame support, while 
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maintaining mine working in a stable operating condition and ensuring the necessary 

rate of its development. Such a technological approach makes it possible to 

successfully prepare the stope works area in the conditions of intensified coal mining. 

Conclusions. The modification of the technology developed at the Institute for 

bearing and roof bolt supporting of mine workings in the conditions of increasing the 

coal mining intensity has been made. The technological schemes have been 

developed for the phased construction of roof bolting and frame support, which 

allows to: 

-  postpone temporarily the setting of frames in the mine working face; 

-  reduce the time and labour intensity for covering with a grid of the mine 

working arch and setting the roof bolts; 

-  increase the degree of rocks strengthening; 

-  increase the safety of mining operations;  

-  increase the rate of mining operations using the existing equipment. 

The changes have been studied in the stress state of the border massif during the 

elements staged construction of roof bolting and frame support. The performed 

studies have shown the possibility to effectively distribute in time the order of setting 

the roof bolting and frame support, while maintaining mine working in a stable 

operating condition. The technology of phased construction of roof bolting and frame 

support ensures the maintaining of the stable state of rocks. In addition, the time 

between the extraction of the coal-rock mass and the setting of the primary support, 

as well as the distance between the face and the first row of roof bolts are reduced to 

a minimum. In this case, the border rocks of the non-fastened part of the roof and 

sides of mine working do not have time to unload from the rock pressure and their 

integrity will be maintained to the full.   

The proposed technology has been tested in the conditions of the Pavlogradska 

Mine and Stepna Mine, where the setting of frame supports and side roof bolts has 

been made with a certain lagging. The new technological approach has made it 

possible to ensure the rate of preparatory mine workings development, which is 

necessary for the stope works performance in the conditions of intensified coal 

mining. 
––––––––––––––––––––––––––––––– 
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Анотація. В даний час комбіноване рамно-анкерне кріплення гірничих виробок активно застосовується на 
вугільних шахтах України в широкому діапазоні геологічних умов практично без обмежень по типу, призначенню, 
терміну служби, перетину і розміщенню виробок в гірському масиві. Як показав практичний досвід, висока концентрація 
робіт із зведення кріплення у вибої виробки обмежує темпи проходки, ускладнює виконання технологічних операцій, 
стимулює порушення технології і безпеки виконання робіт. Для забезпечення інтенсифікації гірничих робіт існуючі 
технології комбінованого рамно-анкерного кріплення необхідно вдосконалити таким чином, щоб знизити концентрацію 
робіт у вибої виробки, зробити більш зручною першочергову установку анкерів в вибої без порушення правил безпеки. 
Метою роботи є розробка технологічних схем поетапного зведення опорно-анкерного кріплення гірничих виробок, 
модифікація розробленої технології опорно-анкерного кріплення гірничих виробок для умов підвищення інтенсивності 
вуглевидобутку.  

Розроблено технологічні схеми поетапного зведення анкерно-рамного кріплення. Вони дозволяють відкласти на 
час встановлення рам в вибої виробки, скоротити терміни і трудомісткість затягування склепіння виробки металевими 
сітками і установки анкерів, підвищити безпеку ведення гірничих робіт, збільшити темпи проведення гірничих виробок 
наявним обладнанням. Виконано аналіз зміни напруженого стану приконтурного масиву при поетапному зведенні 
опорно-анкерного кріплення. Показано, що технологія поетапного анкерно-рамного кріплення забезпечує збереження 
порід, що вміщають виробку, в стійкому стані. При цьому час між виїмкою вуглепородної маси і установкою первинного 
кріплення, а також відстань між вибоєм і першим рядом анкерів скорочуються до мінімуму. Приконтурні породи 
незакріпленої частини покрівлі та боків виробки не встигають розвантажитися від гірського тиску, їх монолітність буде 
збережена в повній мірі. Запропонований технологічний підхід дозволяє забезпечити такі темпи проведення 
підготовчих виробок, які необхідні для ведення очисних робіт в умовах інтенсифікації видобутку вугілля. Нова 
технологія пройшла апробацію в умовах шахт «Павлоградська» і «Степова», де з відставанням виконувалось 
встановлення рамного кріплення і бічних анкерів. 

Ключові слова: технологія анкерного кріплення, конструкція анкерного кріплення, напружений стан гірських 
порід, вибій гірничої виробки.  

 
Аннотация. В настоящее время комбинированное рамно-анкерное крепление горных выработок активно 

применяется на угольных шахтах Украины в широком диапазоне геологических условий практически без ограничений 
по типу, предназначению, сроку службы, сечению и размещению выработок в горном массиве. Как показал 
практический опыт, высокая концентрация работ по возведению крепи в забое выработки ограничивает темпы 
проходки, усложняет выполнение технологических операций, стимулирует нарушение технологии и безопасности 
производства работ. Для обеспечения интенсификации горных работ существующие технологии комбинированного 
рамно-анкерного крепления необходимо усовершенствовать таким образом, чтобы снизить концентрацию робот в 
забое выработки, сделать более удобной первоочередную установку анкеров в забое без нарушения правил 
безопасности. Целью работы является разработка технологических схем поэтапного возведения опорно-анкерного 
крепления горных выработок, модификация разработанной технологии опорно-анкерного крепления горных 
выработок для условий повышения интенсивности угледобычи.  

Разработаны технологические схемы поэтапного возведения анкерно-рамной крепи. Они позволяют отложить на 
время установку рам в забое выработки, сократить сроки и трудоемкость затяжки свода выработки металлическими 
сетками и установки анкеров, повысить безопасность ведения горных работ, увеличить темпы проведения горных 
выработок имеющимся оборудованием. Выполнен анализ изменения напряженного состояния приконтурного массива 
при поэтапном возведении опорно-анкерного крепления. Показано, что технология поэтапного анкерно-рамного 
крепления обеспечивает сохранение вмещающих пород в устойчивом состоянии. При этом время между выемкой 
углепородной массы и установкой первичной крепи, а также расстояние между забоем и первым рядом анкеров 
сокращаются до минимума. Приконтурные породы незакрепленной части кровли и боков выработки не успевают 
разгрузиться от горного давления, их монолитность будет сохранена в полной мере. Предложенный технологический 
подход позволяет обеспечить такие темпы проведения подготовительных выработок, которые необходимы для 
ведения очистных работ в условиях интенсификации добычи угля. Новая технология прошла апробацию в условиях 
шахт «Павлоградская» и «Степная», где с отставанием выполнялась установка рамной крепи и боковых анкеров. 

Ключевые слова: технология анкерного крепления, конструкция анкерной крепи, напряженное состояние горных 
пород, забой горной выработки. 
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