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SUBSTANTIATING INTER-CHAMBER  
PILLAR PARAMATERS WHEN DEVELOPING 
INCLINED BEDDING

Abstract. The article deals with the development of a technological flowchart of inclined deposits with the angle of incidence of 20-35 degrees by the example of the 
Zhilandy deposit. The values of the main compressive and tensile stresses were determined depending on the mining depth. The parameters of barrier and inter-chamber 
pillars were calculated taking into account the depth of development, the thickness and the ore deposit angle of incidence, the complexity of the mining and geological 
conditions of development, the physical and mechanical properties of rocks, fracturing and the structure of the enclosing rocks. The permissible parameters of the stope and 
the inter-chamber pillar were determined depending on the angle of occurrence. It was established that an inter-chamber pillar of a classical vertical shape as permissible 
only if the angle of incidence of the ore body was within 25 degrees; in the other cases, the rock massif is unstable and the probability of collapse of the inter-chamber 
pillar is very high. 
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Көлбеу кен орындарын игеру кезінде камерааралық целиктердің параметрлерін негіздеу
Аңдатпа. Мақала жыланды кен орнының мысалында 20-35 градус құлау бұрышы бар көлбеу кен орындарын өңдеудің технологиялық схемасын әзірлеуге 

арналған. Негізгі қысу және созылу кернеулерінің шамалары жұмыс тереңдігіне байланысты анықталады. Кен орнының игеру тереңдігін, қуаты мен құлау 
бұрышын, игерудің тау-кен-геологиялық жағдайларының күрделілігін, тау жыныстарының физикалық-механикалық қасиеттерін, жарықтар мен сыйымды жы-
ныстардың құрылысын ескере отырып, тосқауыл және камерааралық бүтіндіктердің параметрлерін есептеу жүзеге асырылды. Тазарту камерасының және 
камерааралық тұтастықтың рұқсат етілген параметрлері пайда болу бұрышына байланысты анықталды. Классикалық тік форманың камералық тұтастығы кен 
денесінің құлау бұрышы 25 градусқа дейін болған жағдайда ғана рұқсат етілетіні анықталды, қалған жағдайларда тау жотасы тұрақты емес және камералық 
тұтастықтың құлау ықтималдығы өте жоғары. 

Түйінді сөздер: пайда болу бұрышы, массив кернеуленуін модельдеу, камерааралық целик, тосқауыл целик, тау жыныстарының құлауы, қауіпсіздік коэф-
фициенті.

Обоснование параметров межкамерных целиков при разработке наклонных залежей
Аннотация. Статья посвящена разработке технологической схемы отработки наклонных залежей с углом падения 20-35 градусов на примере Жиландин-

ского месторождения. Определены величины главных сжимающих и растягивающих напряжений в зависимости от глубины отработки. Осуществлен расчет 
параметров барьерных и междукамерных целиков с учетом глубины разработки, мощности и угла падения рудной залежи, сложности горно-геологических 
условий разработки, физико-механических свойств пород, трещиноватости и строения вмещающих пород. Определены допустимые параметры очистной ка-
меры и междукамерного целика в зависимости от угла залегания. Установлено, что междукамерный целик классической вертикальной формы допустим только 
в случае, если угол падения рудного тела находится в пределах до 25 градусов, в остальных случаях горный массив не устойчив и вероятность обрушения 
междукамерного целика весьма велика. 

Ключевые слова: угол залегания, моделирование напряженного состояния массива, междукамерный целик, барьерный целик, обрушение горных пород, 
коэффициент запаса прочности.
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Introduction
The design and production of stoping with the use of the 

classical room-and-pillar mining system [1] while maintaining 
high-performance production volumes is currently an urgent 
problem. The angle of incidence of the ore body is also one of 
the factors that weakens the pillar massif stability.

Taking into account the geomechanical aspects of develop-
ing reserves of the Zhilandy group of fields, it can be noted that 
the geomechanical situation [2] is extremely complex. Diffi-
culties, from the point of view of geomechanics, are mainly 
caused by the state of the rock massif in the area where the ore 
deposits are located.

Thus, at the Eastern Sary-Oba mine, a number of unfavor-
able factors are noted, such as, for example, the presence of 
faults in the rock massif, numerous large cracks that are often 
filled with friction clay and are, moreover oriented in different 
directions, water cut in individual sections of the mine fields 
[3], complex hypsometry of ore deposits, uneven thickness of 
deposits.

When speaking of the Karashoshak mine, its mine field 
borders the Zhylandy River, and therefore, quite significant 
volumes of water enter the mine workings (~ 600 m3/hour). 
This factor significantly affects the stability of the massif that 
is characterized by strong fracturing and in addition, by sharp 
contact between lithological differences. Therefore, the design 

and production of stoping with a classical room-and-pillar 
mining system while maintaining high-performance produc-
tion volumes is currently an unsolved problem [4]. 

Currently, at the Zhilandy mine there are no regulatory doc-
uments based on extensive experience in geomechanical pro-
cesses that assess the geomechanical state of the massif and 
the structural elements of the development system. The calcu-
lations adopted in the projects are based on instructional doc-
uments developed in the conditions of the Zhezkazgan field. 
Since the Zhilandy field is relatively new, the geomechanical 
conditions for the field development have not been sufficiently 
studied.

                             
Materials and Methods
Technological parameters of the breakage face with a room-

and-pillar mining system depend on the shape and location of 
the inter-chamber pillars (ICP).

In engineering practice, in order to take into account factors 
that cannot be included in the calculation scheme, various co-
efficients are used that are obtained empirically based on field 
observations or laboratory test data. 

With the development of computer technologies in mathe-
matical modeling, numerical methods are increasingly being 
used to solve certain engineering problems in mining, along-
side with traditional analytical methods.
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A more accurate solution to the problem can be obtained 

if the calculation scheme and solution method make it possi-
ble to take initially into account the factors of interest to the 
researcher. Wide possibilities in this regard are opened up by 
the so-called numerical solution methods borrowed from the 
mechanics of a deformable solid. The most effective of them 
are the finite element method (FEM) and the boundary element 
method (BEM). Their intensive development and use in the 
practice of engineering calculations became possible with the 
development and availability of computer technologies.

One of the finite element methods that are widely used in 
solving mining problems is the RS-2 software developed by 
the Rocscience Company.

Numerical modeling of the rock massif using finite element 
methods in RS-2 software allows determining zones of stress 
discharge and concentration, rock displacement, safety factor, 
the magnitude of the principal stresses acting in the rock mas-
sif, zones of elastic and inelastic deformation and the value of 
the rock safety factor, calculation parameters of the support 
and many other processes occurring around the mined-out 
space.

The data of the rocks and ores characteristics were obtained 
from the results of a previously carried out study at the Zhylan-
dy group of deposits. Table 1 shows the physical and mechan-
ical properties and structural properties of the rock massif to 
perform numerical modeling of the rock massif with the use of 
RS-2 software.

When modeling, these values were generalized; only the 
GSI parameter was changed. The GSI rating is one of the 
important parameters that significantly affect the simulation 

results. The calculations were performed using the Hooke-
Brown criterion.

To determine and to justify the parameters, the shape and 
location of pillars when mining deposits with angles of inci-
dence more than 22 degrees and overlapping deposits, numer-
ical modeling of the stress-strain state of the rock massif was 
carried out [5]. According to the Technological Regulations 
for the use of a room-and-pillar mining system with columned 
pillars left in the underground mines of the Zhezkazgan depos-
it, when mining inclined deposits, the following conditions for 
the location of inter-chamber pillars must be observed:

- in the range of changing the angles of incidence of depos-
its of 15º to 25º, to place vertically the inter-chamber pillars;

- in the range of changing the angles deposit incidence of 
25º to 35º, the inter-chamber pillars should be placed with an 
inclination towards the uplift at the angle β = α/2 (where: α is 
the angle of the deposit incidence) relative to the normal to the 
bedding. At overlapping deposits, in order to ensure the verti-
cal alignment of the inter-chamber pillars, to align the axes of 
the pillars along the roof of the deposits (Figure 1);

- based on the preparation schemes using ventilation-slit drifts 
or a diagonal ramp in the areas of cutting inter-chamber pillars, 
to ensure driving the development working of the a minimum 
cross-section and to leave braced pillars. The cross-sectional 
area of the braced pillars is checked by calculations to ensure the 
load-bearing capacity of the weight of the rock column falling on 
the supporting area of the roof within the location of these pillars;

- the width of the braced pillar in the narrowing areas 
should be at least 3-5 m, depending on the working height and 
the passage of technological equipment.

Table 1 
Deformation-strength characteristics of rock samples, specimens 1-5 in the water-saturated state under uniaxial 

compression
Кесте 1 

Бір осьті сығымдау кезінде суға қаныққан күйдегі 1-5 сынама тау жыныстары үлгілерінің деформациялық-
беріктік сипаттамалары

Таблица 1 
Деформационно-прочностные характеристики образцов горных пород проб 1-5 в водонасыщенном состоянии 

при одноосном сжатии

Sample No. Specimen 
No.

Break-down 
point, MPa

Deformation 
modulus, GPa

Shear 
strain 
rate v

Break-down 
point, MPa 
(average)

Deformation 
modulus, GPa 

(average)

Shear 
strain rate v 
(average)

Red sandstone

4-1-1v 66.4 10.393 0.209

71.7 13.136 0.187

4-1-2v 83.4 10.740 0.190
4-1-3v 61.6 13.479 0.182
4-1-4v 68.1 12.103 0.159
4-1-5v 76.7 9.069 0.192
4-1-6v 73.8 23.029 0.188

Siltstone 5-1-1v 64.8 10.992 0.207

87.1 16.835 0.178

5-1-2v 122.3 20.385 0.149
5-1-3v 56.9 14.423 0.201
5-1-4v 53.9 10.499 0.158
5-1-5v 109.7 19.079 0.185
5-1-6v 115.2 25.631 0.168
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Figure 1. Diagram of inter-chamber pillars location when 
developing inclined deposits with the angle of incidence of 

25º-35º.
Сурет 1. 25º-35º түсу бұрышы бар көлбеу кен 

орындарын пысықтау кезінде камералық 
целиктердің орналасу схемасы.

Рис. 1. Схема расположения междукамерных целиков 
при отработке наклонных залежей с углом падения 

25º-35º.

To justify the parameters of the stope and pillars, numeri-
cal modeling was carried out with changing the width of the 
chambers and inter-chamber pillars for incidence angles of 20, 
25, 30 and 35 degrees. When simulating, indicators of the safe-
ty factor (SF), as well as indicators of the main compressive 
(Sigma 1) and tensile (Sigma 3) stresses were determined. The 
main compressive and tensile stresses make it possible to de-
termine the necessary areas, such as the zone of stress concen-
tration and discharge [6].

  When driving a working, redistribution of stresses occurs 
in the surrounding rocks: some of the components of the stress 
tensor increase, others decrease. According to the standards of 
the International Society for Rock Mechanics (ISRM), for safe 
mining operations, the safety factor for rock stability must be 
higher than 1.2.

For the mining conditions of the development of the Zhi-
landy deposit, the location of the inter-chamber pillars is taken 
on a square grid with the distance between the axes equal to 
20x20 m.

Figure 2 below show the results of numerical modeling 
with the ore body thickness of 5 meters and at incidence angles 
of 20 degrees. The modeling was carried out based on the anal-
ysis of the physical and mechanical properties and structural 
features of rocks.

Based on the modeling results presented in Figure 2, it can 
be seen that at the incidence angle of 20 degrees, the stope 
and pillars are as a whole in a stable state, as evidenced by the 
safety factor of the rock massif presented as a graph in Figure 
3. The graph shows that the minimum safety factor is higher 
than the value of 1.2, from which it should be assumed that 
the inter-chamber pillar and the stope are in a stable state. The 
maximum permissible width of the stope is 13.0 meters with 
the minimum thickness of inter-chamber pillars of 7.0 meters.

With the stope width of 14 meters and the thickness of the 
inter-chamber pillar of 6 meters, the height of unstable areas 
on the roof of the stope is 2.5 meters, and the destruction of 
the inter-chamber pillar reaches up to 1.8 meters, from which 
it should be stated that the risks of rock collapse and the de-
struction of the inter-chamber pillars is great.

When mining ore reserves with the angle of incidence of 20 
degrees using a room-and-pillar mining system, the boundary 
massif is stable, local destruction of rocks up to 0.5 meters is 
possible, mainly from the roof of the working in the form of 
delamination and chips [7]. The inter-chamber rear sight is in a 
stable state as evidenced by the safety factor of the inter-cham-
ber rear sight of 1.3 or more.

Figure 3. Changing the safety factor of the inter-chamber 
pillar depending on changing the width of the stope and 

the power of the inter-chamber pillar.
Сурет 3. Камераның ені мен камерааралық 

тұтастықтың қуатының өзгеруіне байланысты 
камерааралық тұтастықтың қауіпсіздік 

коэффициентінің өзгеруі.
Рис. 3. Изменение коэффициента запаса прочности 

междукамерного целика в зависимости от изменения 
ширины камеры и мощности междукамерного целика.

Геомеханика

Figure 2. Safety factor of the edge massif with the 
parameters of the stope 11x9 m and at the angle of 

incidence of 20 degrees.
Сурет 2. Тазарту камерасының параметрлері 
11х9 м және құлау бұрышы 20 градус болған 

кезде контурлық массивтің қауіпсіздік қорының 
коэффициенті.

Рис. 2. Коэффициент запаса прочности законтурного 
массива при параметрах очистной камеры 11х9 м и 

при угле падения 20 градусов.
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Table 2

Acceptable parameters of the stope and ICP, BP based on numerical modeling
Таблица 2

Допустимые параметры очистной камеры и междукамерных целиков, барьерных целиков на основе численного 
моделирования

Кесте 2
Сандық модельдеу негізінде тазарту камерасы мен камерааралық кентіректер, тосқауыл кентіректердің рұқсат 

етілген параметрлері

Depth, m
Stope 
width, 

m

20 degrees 25 degrees 30 degrees 35 degrees
ICP, 
m

chamber
width, m

BP, 
m

ICP, 
m

chamber
width, m

BP, 
m

ICP, 
m

chamber
width, m

BP, 
m

ICP, 
m

chamber
width, m

BP, 
m

200

4 6 14 7,5 7 13 8 8 12 10 9 11 11
5 6,5 13,5 8 8 12 9 9 11 11 10 10 12
6 7 13 9 8,5 11,5 11 10 10 12 10 10 13
7 8 12 11 9 11 13 10 10 14 10 10 15
8 9 11 12 10 10 15 10 10 16 11 9 18
10 10 10 13 10 10 17 11 9 18 11 9 20
12 10 10 15 10 10 19 11 9 20 12 8 22

300

4 6,5 13,5 8 8 12 9 9 11 11 10 10 12
5 7 13 9 8,5 11,5 11 10 10 12 10 10 13
6 8 12 11 9 11 13 10 10 14 10 10 15
7 9 11 12 10 10 15 10 10 16 11 9 18
8 10 10 13 10 10 17 11 9 18 11 9 20
10 10 10 15 10 10 19 11 9 20 12 8 21
12 10 10 16 11 9 20 12 8 21 12 8 22

400

4 7 13 9 8,5 11,5 11 10 10 12 10 10 13
5 8 12 11 9 11 13 10 10 14 10 10 15
6 9 11 12 10 10 15 10 10 16 11 9 18
7 10 10 13 10 10 16 11 9 18 11 9 20
8 10 10 15 10 10 17 11 9 20 12 8 21
10 10 10 16 11 9 19 12 8 21 12 8 22
12 11 9 18 11 9 20 12 8 22 12 8 23

500

4 8 12 11 9 11 13 10 10 14 10 10 15
5 9 11 12 10 10 15 10 10 16 11 9 18
6 10 10 13 10 10 16 11 9 18 11 9 20
7 10 10 15 10 10 17 11 9 20 12 8 21
8 10 10 16 11 9 19 12 8 21 12 8 22
10 11 9 18 11 9 20 12 8 22 12 8 23
12 11 9 20 12 8 22 12 8 23 12 8 24

When mining ore reserves with the angle of incidence of 
20 degrees, it is not necessary to change the shape of the in-
ter-chamber pillar to trapezoidal, since the straight columned 
pillars can fully ensure the stability of the rock massif.

Based on the results of the analysis of the results obtained 
during the performed numerical modeling [8-9], Table 2 sum-
marizes the recommended parameters of the ICP, BP and the 
panel width depending on the depth of development and the 
angle of incidence of the ore body [10].

The results summarized in Table 1 are recommended for 
use when mining inclined deposits (20-35º) with an ore body 
thickness of 4-7 meters.

The proposed technology of developing [11] inclined de-
posits with the incidence angle of 20-35 degrees using a room-
and-pillar system in underground production by the example 
of the Zhilandy deposit can be described by the following se-
quence of operations.

The stoping in the panel is carried out according to the de-
sign documentation completed by a design institute or mine 
and according to the passports for supporting and controlling 
the roof of underground mine workings [12] that is approved 
by the chief engineer of the mine after driving transport and 
ventilation drifts.
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Results
In the course of the work performed, the permissible pa-

rameters of the stope, inter-chamber and barrier pillars were 
determined when mining inclined deposits with the angle of 
incidence from 20 to 35 degrees.

Based on a set of studies carried out, it was found that a 
classic (vertical) ICP was only permissible if the ore body in-
cidence angle is up to 25 degrees; in the other cases, the rock 
massif is unstable and the probability of ICP collapse is very 
high.

In the range of changing the incidence angles of deposits 
from 25 to 35 degrees, the inter-chamber pillars should be 
placed with an inclination towards the uprising at the angle 
β = α/2 (α is the incidence angle of the deposits) relative to 

the normal to the bedding, and the ICP takes on a trapezoidal 
shape, since with the columned form of the ICP, the probabili-
ty of destruction of the ICP is higher.

Based on the results of modeling the stress state, it follows 
that zones of stress concentration and discharge appear in the 
rocks surrounding the working. It decreases quite quickly 
deep into the massif, and at the distance of 5-7 half-spans, the 
stresses are practically no different from those that operated in 
the massif before driving the working.
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