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Abstract. The strength properties of rocks may decrease when they are moistened, and as a result of their soaking, 
the process of border rocks destruction occurs more intensively. The water stability of mine rock is a parameter 
characterizing the relative change in the strength of mine rocks when saturated with water. The objective of this work is 
to study the water stability influence of the host rocks on the process of water filtration into mine working at different 
ways of its supporting. When solving the problem of water filtration in a deformable massif, the finite element method 
was used. The influence of the stress field on the formation of the filtration area, the influence of change in water 
pressure on the stress state and the decrease in the strength properties of rocks during soaking are taken into account. 
Four cases were considered: mine working with frame support, being driven on sandstone which belongs to the rocks 
with lowered water stability; mine working with roof-bolting support, being driven on the same type of sandstone; mine 
working with frame support, being driven on argillite, which belongs to the water-permeable rocks with water stability by 
2 times lower than that of sandstone; mine working with roof-bolting support, being driven on argillite with the same 
properties.  

The results of calculations are presented of the filtration permeability of the coal-bearing massif, the water pressure 
and the value of the water inflow into mine working in the cases of mining operations in sandstone and argillite. It is 
shown that the use of roof-bolting support prevents the development of the fractures formation process in the mine 
working roof, preserving the rocks in a natural, monolithic state. As a result, the process of water filtration from water 
bearing rock layers is constrained, which prevents or significantly reduces the soaking of border roof rocks. A decrease 
by 2 times in the soaking capacity factor of host rocks leads to an increase by 66 % in water inflow into mine working 
with frame support, and into mine working with roof-bolting support - only by 20 %. The use of roof-bolting support 
reduces the water inflow into mine working, located in water-stable rocks, by 2.5 times, in water-permeable rocks - by 3.4 
times. 

The use of roof-bolting fastening several times reduces the water inflow into mine working, located even in water-
permeable rocks. The application of the roof-bolting support as a technological method for reducing the water inflow into 
mine workings has been substantiated. 

Key words: roof-bolting support, water stability of rocks, water filtration into mine working, reduce water inflow. 
 

Introduction. The development of the mineral raw material base of Ukraine is 

connected with the necessity to develop the deep-seated deposits in conditions of 

increased water content of host rocks. This leads to rock falls and water 

breakthroughs, an increase in the cost for maintaining and repairing of mine 

workings. In the studied conditions, the problem of reducing the water inflow and 
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ensuring the safety of mining operations is a priority.  

Earlier, the authors noticed that the use of roof-bolting support helps to prevent 

the development of the fractures formation process in the zone of mine working 

influence. A significant reduction in the sizes of the filtration area and a decrease in 

permeability inside of it leads to a decrease in the filtration movement intensity and 

to prevention (reduce) the water inflow into mine workings fastened by roof-bolting 

support [1]. These studies have been performed for a specific lithological 

composition of the host rocks, whose properties are slightly changed when saturated 

with water. However, the strength properties of rocks may decrease when they are 

moistened, and as a result of their soaking, the process of border rocks destruction 

occurs more intensively [2-4]. The water stability of mine rock is a parameter 

characterizing the relative change in the strength of mine rocks when saturated with 

water [5]. The water stability is assessed by the soaking capacity factor, which is 

equal to the ratio of the compressive resistance of the rock, maximally saturated with 

water, to its breakdown point in the dry state. According to the value of the soaking 

capacity factor, the rocks are subdivided into water-stable; with lowered water 

stability; with weak water stability; water-permeable rocks [5]. 

In this regard, the objective of this work is to study the water stability influence of 

the host rocks on the process of water filtration into mine working at different ways 

of its fastening. 

Methods. The water filtration from water bearing rocks into mine working, 

provided that the deformable massif permeability depends on its stress state, is 

described by the system of equations: 
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where ui – the displacements, m; сg – the damping coefficient, kg/(m
3
s); 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
; Pi(t) – the 

projections of forces due to fluid pressure in the porous fractured space, N/m
3
; k – the 

permeability coefficients, D; mp  porosity; f (ij) – the function determined in [1, 5]; 

p – the fluid pressure, Pa;  – water viscosity, Pas;  – water-compressibility factor, 

1/Pa; q(t) – the water release function.  
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where  – the averaged weight of overlying mine rocks, N/m
3
; H – the depth of 

mining,m;  – the side thrust coefficient; 1 – the vertical boundaries of the outer 

contour;  – the horizontal boundaries of the outer contour; 3 – the area of water-

flooded rocks; 4 – the contour of mine working. 

The problem is solved by the finite element method in an elastic-plastic 

formulation with the use of Mohr-Coulomb strength condition. At each time iteration, 

the influence of the stress field on the formation of the filtration area, the influence of 

change in water pressure on the stress state and the decrease in the strength properties 

of rocks during soaking are taken into account [6]. The roof-bolting support is 

modelled by rod finite elements [7], the frame support - by means of change in the 

finite element properties on the contour of mine working. 

Let us consider the preparatory mine working of an arch section 3.5 m in height, 

in the roof of which at a height of 0.5 m there is a water bearing coal interlayer with a 

thickness of m = 0.4 m, and with a formational water pressure 3.5 MPap0 =1.2 MPa; 

=1 

Let us perform the calculation of filtration permeability and water pressure in the 

filtration area for four cases:  

- mine working with frame support, being driven on sandstone which belongs to 

the rocks with lowered water stability; 

- mine working with roof-bolting support, being driven on the same type of 

sandstone; 

- mine working with frame support, being driven on argillite, which belongs to the 

water-permeable rocks with water stability by 2 times lower than that of sandstone; 

- mine working with roof-bolting support, being driven on argillite with the same 

properties.  

The finite element grid with a water bearing coal interlayer is shown in Figure 1. 

 

a)  b)  
a) with frame support; b) with roof-bolting support 

 

Figure 1 – The central fragment of the finite element grid, the water bearing coal  

interlayer above the mine working  
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Results and discussion. The distributions of permeability coefficients values of 

the rock massif around mine working have been obtained as a result of performed 

calculations in the specified cases. The results of calculation for the 30th time 

iteration (about 8 hours) are shown in all figures. It can be seen that at the current 

time around mine working with frame support, the filtration area with a depth to 1.5-

2 m has been formed (Fig. 2), into which the water bearing coal interlayer enters. 

Inside this area, the water can move freely from the coal interlayer to the mine 

working contour. The permeability of water-permeable roof rocks (Fig. 2b), has 

higher values.  

 

a)        b)  

 

a) host rocks – sandstone; b) host rocks – argillite 

 

Figure 2 – The distributions of permeability coefficients values of the rocks around mine working 

with frame support  

 

a)         b)   
3 

a) host rocks – sandstone; b) host rocks – argillite 
 

Figure 3 – The distributions of permeability coefficients values of the rock massif around mine 

working with roof-bolting support  
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It can be seen from Figure 3, how the contours of the filtration area are changed, 

if the roof bolts are set in the roof and sides of mine working. The depth of the 

permeable zone in the roof is reduced by 2 times. The area of intersection of the 

water-flooded interlayer with the zone of increased permeability is very small even in 

water-permeable argillite (Fig. 3b). The roof-bolting fastening prevents the 

development of the fractures formation process in the mine working roof, preserving 

the rocks in a natural, monolithic state. As a result, the process of water filtration 

from water bearing rock layers is constrained, which prevents or significantly reduces 

the soaking of border roof rocks. 

The distributions of water pressure values are shown in Figures 4, 5.  

 

a)  b)  
 

a) host rocks – sandstone; b) host rocks – argillite 

 

Figure 4 – The distributions of water pressure values, MPa, in mine working with frame support  

 

a)  b)  
a) host rocks – sandstone; b) host rocks – argillite 

 

Figure 5 – The distributions of water pressure values, MPa, in mine working with roof-bolting 

support 
 

The process of water filtration occurs intensively in the roof of mine working with 

frame support. The water pressure in the undermined water-flooded interlayer 

decreases, (Fig. 4a, b), and the water moves from areas with higher pressure to where 
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the pressure is minimal - into mine working. The area of low pressure in water-

permeable rocks has a significantly larger sizes. 

When the roof-bolting support is used, the water pressure in the undermined 

interlayer is practically unchanged even in water- permeable rocks (Fig. 5a, b), which 

indicates a very low intensity of the filtration process. This occurs as a result of a 

reduction in the filtration area and a significant decrease in the values of the 

permeability coefficients of border rocks. The length of the zone of water-flooded 

interlayer, from which water is filtered, is by 4 times shorter when fastening by the 

roof bolts. 

The graph (Fig. 6) shows the calculated values of water inflows into mine 

working in the specified cases.  

 

 
 

Figure 6 – Changing the values of water inflow into mine working with frame and roof-bolting 

fastening in rocks with different water stability 

 

It can be seen that a decrease by 2 times in the soaking capacity factor of host 

rocks leads to an increase by 66 % in water inflow into mine working with frame 

support, and into mine working with roof-bolting support - only by 20 %. The use of 

roof-bolting support reduces the water inflow into mine working, located in water-

stable rocks, by 2.5 times, in water-permeable rocks - by 3.4 times. The method of 

roof-bolting support application in order to reduce water inflows into mine workings 

is confirmed by a patent [8]. 

Conclusions. A numerical simulation has been performed of water filtration 

process in a deformable coal-bearing massif around mine working, depending on the 

method of its fastening and the soaking capacity factor of mine rock. The fields of 

filtration permeability of the massif, the water pressure and the values of water inflow 

into mine working for the specified cases have been calculated.  

It is shown that the use of roof-bolting support prevents the development of the 

fractures formation process in the mine working roof, preserving the rocks in a 

natural, monolithic state. As a result, the process of water filtration from water 

bearing rock layers is constrained, which prevents or significantly reduces the 
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soaking of border roof rocks.  Therewith, the depth of the permeable zone in the roof, 

as well as the area of intersection of the water-flooded interlayer with the zone of 

increased permeability are reduced significantly even in the water-permeable rocks. 

A decrease by 2 times in the soaking capacity factor of host rocks leads to an increase 

by 66 % in water inflow into mine working with frame support, and into mine 

working with roof-bolting support - only by 20 %. The use of roof-bolting support 

reduces the water inflow into mine working, located in water-stable rocks, by 2.5 

times, in water-permeable rocks - by 3.4 times.   

Thus, the roof-bolting support can be used as a technological method for reducing 

the water inflow into mine workings. 
––––––––––––––––––––––––––––––– 
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Анотація. Міцність багатьох гірських порід може знижуватися при їх зволоженні, в результаті їх розмокання 
процес руйнування приконтурних порід відбувається більш інтенсивно. Водоміцність гірської породи – параметр, 
що характеризує відносну зміну міцності гірських порід при насиченні водою. Метою роботи є дослідження впливу 
водоміцності приконтурних порід на процес фільтрації води в гірничу виробку при різних способах її кріплення. 
При розв’язанні задачі фільтрації води в масиві, що деформується, використовувався метод скінченних 
елементів. Враховувався вплив поля напружень на формування області фільтрації, вплив зміни тиску води на 
напружений стан і зниження міцнісних властивостей порід при розмоканні. Було розглянуто чотири випадки: 
виробка з рамним кріпленням проводиться в пісковику, який відноситься до порід зниженої водостійкості; виробка 
з анкерним кріпленням проводиться в такому ж пісковику; виробка з рамним кріпленням проводиться в аргіліті, 
який відноситься до водонестійких порід, з водоміцністю в 2 рази нижче, ніж у пісковика; виробка з анкерним 
кріпленням проводиться в аргіліті з такими ж властивостями. 

Наведено результати розрахунків фільтраційної проникності вуглепородного масиву, тиску води і величини 
водоприпливу у виробку. Показано, що застосування анкерного кріплення перешкоджає розвитку процесу 
утворення тріщин в покрівлі виробки, зберігає породи в природному, монолітному стані. Як наслідок, стримується 
процес фільтрації води з водоносних породних шарів, що запобігає або значно знижує розмокання приконтурних 
порід покрівлі. Зниження коефіцієнта розмокання порід в 2 рази призводить до збільшення водоприпливу в 
виробку з рамним кріпленням на 66%, в виробку з анкерним кріпленням – всього на 20%. Використання анкерного 
кріплення знижує водоприплив в виробку, розташовану в водостійких породах, в 2,5 рази, в водонестійких 
породах – в 3,4 рази.  

Використання анкерного кріплення в кілька разів знижує водоприплив у виробку, розташовану навіть в 
водонестійких породах. Обґрунтовано застосування анкерного кріплення як технологічного способу зниження 
водоприпливів в гірничі виробки. 

Ключові слова: анкерне кріплення, водоміцність гірської породи, фільтрація води в гірничу виробку, 
зниження водоприпливу. 

 
Аннотация. Прочностные свойства многих горных пород могут снижаться при их увлажнении, в результате 

их размокания процесс разрушения приконтурных пород происходит более интенсивно. Водопрочность горной 
породы – параметр, характеризующий относительное изменение прочности горных пород при насыщении водой. 
Целью работы является исследование влияния водопрочности вмещающих пород на процесс фильтрации воды 
в горную выработку при различных способах ее крепления. При решении задачи фильтрации воды в 
деформируемом массиве использовался метод конечных элементов. Учитывалось влияние поля напряжений на 
формирование области фильтрации, влияние изменения давления воды на напряженное состояние и снижение 
прочностных свойств пород при размокании. Было рассмотрено четыре случая: выработка с рамной крепью 
проводится по песчанику, который относится к породам пониженной водоустойчивости; выработка с анкерной 
крепью проводится по такому же песчанику; выработка с рамной крепью проводится по аргиллиту, который 
относится к водонеустойчивым породам, с водопрочностью в 2 раза ниже, чем у песчаника; выработка с 
анкерной крепью проводится по аргиллиту с такими же свойствами.  

Приведены результаты расчетов фильтрационной проницаемости углепородного массива, давления воды и 
величины водопритока в выработку. Показано, что применение анкерной крепи препятствует развитию процесса 
трещинообразования в кровле выработки, сохраняет породы в природном, монолитном состоянии. Как 
следствие, сдерживается процесс фильтрации воды из водоносных породных слоев, что предотвращает или 
значительно снижает размокание приконтурных пород кровли. Понижение коэффициента размокаемости 
вмещающих пород в 2 раза приводит к увеличению водопритока в выработку с рамной крепью на 66%, в 
выработку с анкерной крепью – всего на 20%. Использование анкерной крепи снижает водоприток в выработку, 
расположенную в водоустойчивых породах, в 2,5 раза, в водонеустойчивых породах – в 3,4 раза.  

Использование анкерной крепи в несколько раз снижает водоприток в выработку, расположенную даже в 
водонеустойчивых породах. Обосновано применение анкерного крепления как технологического способа 
снижения водопритоков в горные выработки. 

Ключевые слова: анкерное крепление, водопрочность горной породы, фильтрация воды в горную 
выработку, снижение водопритока. 
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