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Abstract
Introduction. The paper analyzes contemporary methods of frame support design in permanent 
workings and reveals that contact grouting has received little attention. Contact grouting makes the 
tight contact between the hardened cement grout and the surrounding rock possible, whereas it is 
impossible when applying concrete lagging. The paper employs analytical method of arch support, 
grouting layer, and the surrounding rock calculation considering their softening. Analytical formulae 
determining support load has been obtained. The formulae take into account strain and strength 
characteristics of the surrounding rock, hardened cement grout, and support. Support load was 
calculated under various values of the grouting layer thickness and linear strain modulus and the depth 
of mining. The dependencies between the support load and the indicated parameters have been obtained, 
which makes it possible to select the cement grout composition for various mining and geological 
conditions.
Research objective is to determine the effect produced by grouting layer thickness and strain 
characteristics on arch support load value in order to check its strength in various mining and geological 
conditions.
Methods of research are built upon the physically based analytical methods of geomechanics to solve 
the problem of interaction between the support, grouting layer, and surrounding rock mass.
Results. The results of arched support load calculation are presented for various values of grouting 
layer thickness, its strain characteristics, and depth of mining.
Conclusions. The presence of the grouting layer in the void behind the support has a significant effect 
on the methods of arch support design. The developed methods take account of the fact that a layer of 
soft rock develops in the rock mass between the grouting layer and undisturbed rock. When the rock is 
being broken, its volume in this layer increases, which, in its turn, results in support load transfer 
growth through the grouting layer. It has been determined that the increase in the hardened cement grout 
strain and grouting layer thickness reduces support load.
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Introduction. The most common type of mine support in Russian coal industry is 
steel ribs and reinforced concrete lagging whose main drawback is that it is impossible to 
provide tight contact between the support and the surrounding rock mass. So, the void 
behind the support requires filling to provide contact with the surrounding rock. If the 
void is not tightly filled, rock shifts, and support load therefore increases. 

One way to ensure the tight contact between the support and the surrounding rock 
mass is contact grouting. The interaction between the arch support and the rock mass after 
contact grouting was fulfilled has received little attention and requires additional  
studies [1].

Currently, there is no method of calculating the parameters of a frame support with a 
grouting layer. The existing method of support design takes account only backfilling of 
the void behind the support.
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In accordance with the Code SP91.13330.2012 “Underground mine workings”, shifts 
compensated for by backfill compression depend on the material compressibility, backfill 
layer thickness, and design load on support, and are determined by experiment. For the 
backfill made of crushed rock with no experimental data, the shifts may be taken to be 
equal to 25% of the backfill layer thickness. 

So, the normative method of frame arches design is based on applying a considerable 
number of correction factors, nomograms, and experimental data for particular mining 
and geological and mine technical conditions. It does not take full account of the grouting 
layer presence. 

The scientists from the Tula school of geomechanics, namely, N. S. Bulychev,  
N. N. Fotieva, A. S. Sammal, S. V. Antsiferov, P. V. Deev, K. A. Golovin and others, have 
contributed heavily to the solution to the problem of support structures design for 
permanent mine workings [2–7].

The existing methods of the stress-strain state (SSS) design for various shells of mine 
workings in the rock mass are aimed at designing multilayered support structures in 
tunnels, subway, main crosscuts, and shafts with a heavy layer of concrete which prevents 
from rock destruction in the vicinity of these mine workings.

When mining in shafts, it is inadvisable to apply such layer of cement. For that reason, 
under certain mining and geological and mine-technical conditions of mining, the rock 
mass breaks, and a layer of soft rock develops between the grouting layer and the 
undisturbed rock mass. However, the development of a soft rock layer is neglected in the 
existing methods of SSS calculation. The variety of conditions requiring underground 
excavations support determines further study on the effect produced by different factors 
on the value of support load [8–13].

Research objective is to determine the effect produced by the thickness of the grouting 
layer and its strain characteristics on the arch support load value in order to check its 
strength in various mining and geological conditions.

Methods of research. Papers [14, 15] considered a solution to the problem of stress-
strain state design for the arch support–grouting layer–rock mass system. It was taken 
into account that the zone of partial destruction is developed in the rock mass between the 
grouting layer and the undisturbed rock mass. This zone has a considerable effect of 
support load. When the rock is being broken, its volume in this layer increases, which, in 
its turn, results in support load transfer growth through the grouting layer.

When making calculation, the arched support is modeled by circular support like in 
paper [2], for instance. Such approach makes it possible to apply the analytical method of 
calculation and allows defining the arched support stress state well enough.

General pattern of calculation is presented in Figure 1, where Р is pressure in 
undisturbed rock mass, MPa; Rd is the radius of the partially destroyed rock, m; hd is the 
width of the partially destroyed rock, m.

Calculation is carried out for a circular mine working with R radius, m. With the 
known value of the mine working cross-sectional area S, m2, the reduced radius 
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When making calculation, the arched support is modeled by circular support like in 
paper [2], for instance. Such approach makes it possible to apply the analytical method 
of calculation and allows defining the arched support stress state well enough. 

General pattern of calculation is presented in Figure 1, where Р is pressure in 
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the width of the partially destroyed rock, m. 

Calculation is carried out for a circular mine working with R radius, m. With the 
known value of the mine working cross-sectional area S, m2, the reduced radius 

/ πR S , m, is calculated. Computational domain consists of four blocks. 
Block 1 – support with strain and strength characteristics: Еk is the modulus of 

deformation; k is the Poisson ratio; k is the tensile strength of the material the 
support is made of (steel), MPa. 

Block 2 – hardened cement grout with strain and strength characteristics: Еt is the 
modulus of deformation; t is the Poisson ratio; t is the compressive strength of 
hardened cement grout, MPa. 

Block 3 – the zone of partially destroyed rock (behind limit deformation) where 
circumferential and radial stresses are proportional.  

Block 4 – the zone of the surrounding rock in elastic state with strain and strength 
characteristics: Е is the modulus of deformation;  is the Poisson ratio; compr is the 
compressive strength, MPa. 

Zone edges remain continuous, so when transferring through the zone edges, radial 
shifts and stresses must be continuous, which determines the interaction between the 
blocks. 

The calculation method was presented in paper [3]. The mine working is 
considered at a depth of H, m. The mine working is beyond the zone of high rock 
pressure (HRP), initial rock pressure р = Н = 0.025Н, MPa. 

, m, is calculated. Computational domain consists of four blocks.
Block 1 – support with strain and strength characteristics: Еk is the modulus of 

deformation; νk is the Poisson ratio; σk is the tensile strength of the material the support is 
made of (steel), MPa.

Block 2 – hardened cement grout with strain and strength characteristics: Еt is the 
modulus of deformation; νt is the Poisson ratio; σt is the compressive strength of hardened 
cement grout, MPa.

Block 3 – the zone of partially destroyed rock (behind limit deformation) where 
circumferential and radial stresses are proportional. 
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Block 4 – the zone of the surrounding rock in elastic state with strain and strength 
characteristics: Е is the modulus of deformation; ν is the Poisson ratio; σcompr is the 
compressive strength, MPa.

Zone edges remain continuous, so when transferring through the zone edges, radial 
shifts and stresses must be continuous, which determines the interaction between  
the blocks.

 
Figure 1. Calculation scheme: 

1 – support; 2 – grouting layer; 3 – partially broken rock; 4 – surrounding 
rock 

Рисунок 1. Расчетная схема: 
1 – крепь; 2 – тампонажный слой; 3 – частично разрушенные породы; 
4 – вмещающие породы 
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Figure 1. Calculation scheme:
1 – support; 2 – grouting layer; 3 – partially broken rock; 

4 – surrounding rock
Рисунок 1. Расчетная схема:

1 – крепь; 2 – тампонажный слой; 3 – частично разрушенные 
породы; 4 – вмещающие породы

The calculation method was presented in paper [3]. The mine working is considered 
at a depth of H, m. The mine working is beyond the zone of high rock pressure (HRP), 
initial rock pressure р = γН = 0.025Н, MPa.

The AKP support (arch ring yielding support) with SVP-17…33 profile (purpose-built 
interchangeable profile) with the equivalent height of hk, m, the value of which is selected 
from [1]. Support strain modulus is Ek = (2…4) · 103 MPa.

Modulus of deformation Е, Poisson ratio ν, compressive strength σcompr, and structure 
weakening ratio ks for rock are set for particular mining and geological conditions.

Grouting layer is built up using cement with carbon filler with the modulus of 
deformation Et corresponding to coal. The grouting layer thickness is ht, m. 

The radius of the mine working and the support is R1 = R + hk, m.
The radius of the mine working and the grouting layer is Rt = R1 + ht, m.
Parameters determining the support load are calculated in a sequential order:
1) 
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Results. With the help of the developed methods, the support load has been 

calculated for the situation with the presence of the grouting layer. Calculation has 
been carried out under the following geometry, strain, and strength parameters:  

– mine depth Н = 100…300 m; 
– support width hk = 0.145 m (SVP-22, SVP-27); 
– grouting layer thickness ht = 0.1; 0.5 m; 
– modulus of rock linear strain Е = 104 MPa;  
– modulus of support linear strain Еk = 2 · 103 MPa; 
– modulus of grouting layer linear strain Et = 103…104 MPa; 
– rock Poisson ratio  = 0.25;  
– support Poisson ratio k = 0.2;  
– grouting layer Poisson ratio t = 0.25;  
– cross sectional area of the mine working S = 25 m2. 
Calculation results are presented in Table 1.  
Figure 2 depicts the effect produced by the modulus of grouting layer linear strain 

Et on the support load q under various depth of mine working H and width of the 
grouting layer ht. According to the reference book [16], the modulus of linear strain of 
coal is within (2…8) · 103 MPa. Blue markers show change in the support load at a 
depth of 100 m, yellow – 200 m, and red – 300 m. 

 is the coefficient determining the value of maximum circumferential 
stress;
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deformation Et corresponding to coal. The grouting layer thickness is ht, m.  

The radius of the mine working and the support is R1 = R + hk, m. 
The radius of the mine working and the grouting layer is Rt = R1 + ht, m. 
Parameters determining the support load are calculated in a sequential order: 

1) 1 ν
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  is the coefficient determining the value of maximum circumferential 

stress; 
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distribution of stresses in the zone of disturbed rock; 
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 is the maximum circumferential stress of the 
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 is the coefficient determining the support load.  

Support load is defined by the formula 
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Results. With the help of the developed methods, the support load has been 

calculated for the situation with the presence of the grouting layer. Calculation has 
been carried out under the following geometry, strain, and strength parameters:  

– mine depth Н = 100…300 m; 
– support width hk = 0.145 m (SVP-22, SVP-27); 
– grouting layer thickness ht = 0.1; 0.5 m; 
– modulus of rock linear strain Е = 104 MPa;  
– modulus of support linear strain Еk = 2 · 103 MPa; 
– modulus of grouting layer linear strain Et = 103…104 MPa; 
– rock Poisson ratio  = 0.25;  
– support Poisson ratio k = 0.2;  
– grouting layer Poisson ratio t = 0.25;  
– cross sectional area of the mine working S = 25 m2. 
Calculation results are presented in Table 1.  
Figure 2 depicts the effect produced by the modulus of grouting layer linear strain 

Et on the support load q under various depth of mine working H and width of the 
grouting layer ht. According to the reference book [16], the modulus of linear strain of 
coal is within (2…8) · 103 MPa. Blue markers show change in the support load at a 
depth of 100 m, yellow – 200 m, and red – 300 m. 

   
Results. With the help of the developed methods, the support load has been calculated 

for the situation with the presence of the grouting layer. Calculation has been carried out 
under the following geometry, strain, and strength parameters: 

– mine depth Н = 100…300 m;
– support width hk = 0.145 m (SVP-22, SVP-27);
– grouting layer thickness ht = 0.1; 0.5 m;
– modulus of rock linear strain Е = 104 MPa; 
– modulus of support linear strain Еk = 2 · 103 MPa;
– modulus of grouting layer linear strain Et = 103…104 MPa;
– rock Poisson ratio ν = 0.25; 
– support Poisson ratio νk = 0.2; 
– grouting layer Poisson ratio νt = 0.25; 
– cross sectional area of the mine working S = 25 m2.
Calculation results are presented in Table 1. 

Table 1. Load on support q, MPa  
Таблица 1. Давление на крепь q, МПа 

Н, m ht, m 
Et, MPa 

103 5 · 103 104 

100 0.1 0.0766 0.0661 0.0611 
0.5 0.0753 0.0648 0.0622 

200 0.1 0.3476 0.2619 0.2175 
0.5 0.2994 0.1940 0.1614 

300 0.1 0.5700 0.4256 0.3507 
0.5 0.4867 0.3080 0.2522 

 
Figure 2 depicts the effect produced by the modulus of grouting layer linear strain Et 

on the support load q under various depth of mine working H and width of the grouting 
layer ht. According to the reference book [16], the modulus of linear strain of coal is 
within (2…8) · 103 MPa. Blue markers show change in the support load at a depth of  
100 m, yellow – 200 m, and red – 300 m.

Under Н = 100 m depth of the mine working, the modulus of linear strain Et and the 
width of the grouting layer have no marked impact on the value of the support load q.
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Increase in the depth of mining results in higher support load. However, under same 
depth H, increased modulus of linear strain Et and increased width of the grouting layer 
ht reduce the support load.

So, under Н = 300 m, increased modulus of linear strain Et reduces the support load 
from 0.4867 to 0.2522 MPa, i.e. by 48%. Under Н = 200 m, increased width of the 
grouting layer ht reduces the support load from 0.2619 to 0.1940 MPa, i.e. by 26%.  
While under Н = 300 m, increased width of the grouting layer ht reduces the support load 
by 28 %.

 
Figure 2. Influence of the grouting layer linear strain modulus Et on the support load q 
at various depths H of mining and the widths ht of the grouting layer 
Рисунок 2. Влияние модуля линейной деформации тампонажного слоя Et на 
давление на крепь q при разной глубине расположения выработки H и ширине 
тампонажного слоя ht 
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Figure 2. Influence of the grouting layer linear strain modulus Et on the support load q 
at various depths H of mining and the widths ht of the grouting layer

Рисунок 2. Влияние модуля линейной деформации тампонажного слоя Et на  
давление на крепь q при разной глубине расположения выработки H и ширине 

тампонажного слоя ht

Conclusions. The presence of the grouting layer in the void behind the support has a 
significant effect on the method of arch support design. To carry out an adequate 
mathematical simulation of the interaction within the support-grouting layer-rock mass 
system, the formulation of the problem of a circular mine support design is considered.

The developed method takes account of the fact that a layer of soft rock develops in 
the rock mass between the grouting layer and undisturbed rock. When the rock is being 
broken, the volume of rock in this layer increases, which, in its turn, results in support 
load transfer growth through the grouting layer. 

Increase in the depth of mining results in the increased support load. However, under 
same depth H, m, the increased modulus of linear strain Et and increased thickness of the 
grouting layer ht, m, reduce the support load.

When mining at a depth of 100…300 m with the cross section of 25 m2, the increase 
in the modulus of hardened cement grout linear strain from 103 to 104 MPa reduces the 
support load by up to 48%. Under grouting layer width increase from 0.1 to 0.5 m, support 
load reduces by up to 28%.
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Влияние параметров тампонажа закрепного пространства 
на давление на крепь

Лисковец А. С.1, Тациенко В. П.1, Гоголин В. А.1
1 Кузбасский государственный технический университет имени Т. Ф. Горбачева, Кемерово, Россия.

Реферат
Введение. В работе анализируются современные методы расчета рамных крепей капитальных 
выработок. Показана недостаточная изученность этого вопроса при наличии тампонажа 
закрепного пространства. Наличие тампонажа закрепного пространства позволяет осуществить 
полный контакт тампонажного камня с вмещающими породами, что не удается сделать при 
применении бетонных затяжек. В работе используется аналитический метод расчета арочной 
крепи, тампонажного слоя и вмещающих пород с учетом их разупрочнения. Получены 
аналитические формулы, определяющие давление на крепь, которые учитывают деформационные 
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и прочностные характеристики вмещающих пород, тампонажного камня и крепи. Проведены 
расчеты давления на крепь при разных значениях толщины тампонажного слоя, его модуля 
линейных деформаций и глубины проведения выработки. Получены зависимости давления на крепь 
от этих параметров, что позволяет выбирать состав тампонажного камня для различных горно-
геологических условий.
Цель исследования – установить влияние толщины тампонажного слоя и его деформационных 
характеристик на величину давления на арочную крепь для проверки ее прочности в различных 
горно-геологических условиях проведения выработки.
Методология исследований основана на применении физически обоснованных аналитических 
методов геомеханики для решения задачи о взаимодействии крепи, тампонажного слоя и массива 
вмещающих пород. 
Результаты. Приведены результаты расчетов давления на арочную крепь при разных значениях 
толщины тампонажного слоя, его деформационных характеристик и глубины проведения 
выработки.
Выводы. Наличие тампонажного слоя в закрепном пространстве оказывает существенное 
влияние на методику расчета арочной крепи. Разработанная методика учитывает, что в массиве 
горных пород возникает слой разупрочненных пород между тампонажным слоем и неразрушенным 
массивом горных пород. При разрушении горных пород в этом слое происходит увеличение объема 
породы, что, в свою очередь, приводит к увеличению давления на крепь через тампонажный слой. 
Установлено, что увеличение модуля линейной деформации тампонажного камня и толщины 
тампонажного слоя уменьшает давление на крепь.

Ключевые слова: арочная крепь; тампонажный слой; давление на крепь.
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