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Introduction 

In Russia rock-and-pillar mining
operations used and are using various
flowcharts described in many domestic
papers, dissertations and R&D reports
[1–5]. Mineral reserves from pillars are
extracted by various width and length cuts
[6]. Mining safety is ensured by narrow 
pillars established between the cuts and
named as protective pillars [7]. These pil-
lars are meant for temporary roof support
to prevent roof falls in the working area.
Different parameters of pillars and rooms,
productive entries, their sequences and
directions result in formation of coal pillars
of various shapes, sizes and behavior. As a consequence,
we have different volumes and extractability of coal reserves
left in the pillars, different life times of the pillars, different
air conditions in mining area, which, in the long run, governs
efficiency and safety of coal production. This paper is aimed
to generalize and classify protective pillars in order to assess
their safety and to predict coal extractability ratio of room-
and-pillar mining. These objectives are of concern both in
project planning and in management in coal mining. 

Flowcharts of coal extraction from rib pillars 

Mines operating in the Kuznetsk Coal Basin (Kuzbass)
in Russia are the most experienced in room-and-pillar min-
ing. For the past 20 years, these mines have developed and
used more than ten flowcharts and modifications [8, 9]. The
basic parameters of the room-and-pillar mining technology
(width and length of rooms and rib pillars) are most strongly
influenced by the thickness, structure and strength of coal
and overburden; susceptibility of coal to dynamic events
and spontaneous ignition; structural parameters of equip-
ment.

Differences between room-and-pillar flowcharts become
observable in the phase of extraction of coal reserves from
rib pillars. These pillars are left intact when mining is car-
ried out under guarded objects on ground surface, or in
very thick coal seams. In these cases, coal losses can reach
60–75% [8]. 

It is possible to reduce coal loss using flowcharts with
partial extraction of coal reserves from the pillars by cutting
at an offset from the room boundaries and with induced roof
caving. Extraction of coal reserves from rib pillars by single-
way through cuts and with establishment of narrow protective 

pillars (to 3–4 m wide) increases coal extractability. On the
other hand, in coal seams susceptible to spontaneous igni-
tion, it is required to drive blind cuts, which decreases air inlet
in mined-out area and reduces the likelihood of endogenous
fires but diminishes extractability ratio of coal. Extraction of
coal reserves from pillars by cuts made on both sides of a pil-
lar (a fur tree flowchart) diminishes the amount of shunting in
roadways and enhances coal production.

In simpler geological conditions (Tyva, Neryungri) as against
Kuzbass, protective pillars have smaller width of 1–2 m. This
allows excavating the full thickness of coal seams, in single pass
and at smaller cost of roof support. Extractability ratio reaches
60–65% in this case [8].

In foreign mines, coal reserves are extracted from rib pillars
using mobile electrohydraulically controlled roof support [10–
14]. These support systems are placed at junctions of rooms
and cuts in the pillars and are advanced after a cutter–loader.
Step-wise arranged two or three roof support systems push
away the natural roof caving zone from the operation zone of a 
cutter–loader and allows safe conditions for extraction of coal
from pillars [15, 16].

Coal extraction from long pillars is carried out using mobile
roof support and one-side or two-side retreat mining flowcharts
with roof caving in mined-out void. Square pillars are cut on four
or two sides, with establishment of coal pillars of minimum size.
Diagonal parallel or cross cuts are driven as well [17].

Mobile roof support has been used in the leading coal min-
ing countries for three decades, with various flowcharts of coal
extraction from pillars. The experience gained has proved effi-
ciency of the machines. Moreover, extractability ratio of coal is
increased to 90% at enhanced safety and productiveness of
mining [18]. 
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Extraction of coal from narrow protective pillars 

All rib pillars in room-and-pillar mining initially represent 
coal prisms bounded by rooms as well as by overlying and 
underlying rock strata. The prisms are laterally elongated as 
their length is much more than width. The prisms can also be 
shaped as columns of equal sizes in plan view. 

As mining is advanced, the rib pillars acquire various and 
often unordinary shapes due to different flowcharts used. 
The variety of shapes, sizes and behavior patterns of pro-
tective pillars can be grouped into two classes with respect 
to their structure: continuous (1.0) and discontinuous (2.0) 
(Fig. 1).

In the continuous pillars, initial coal mass is integer along 
the length of the prisms. Brattices installed in drifts allow iso-
lation of mined-out areas, which is important for aerodynamic 
control in a working area. The studies distinguish between 
five continuous shapes of pillars: strip-shaped (1.1), comb-
shaped (1.2), tree-shaped (1.3), saw-shaped (1.4) and skel-
eton-shaped (1.5). The discontinuous pillars have detached 
elements due to through passes of cutter–loaders in the pil-
lars. The final elements can be shaped as straight bars (2.1.1) 
or canted bars (2.1.2), wings (2.2.1 and 2.2.2) or columns 
(2.3.1–2.3.4). 

Descriptions of different-shape protective pillars are com-
piled in Table. 

The classification of the protective pillars helps estimate 
and predict their air permeability, load-carrying capacity, sta-
bility, and extractability ratios of initial rib pillars and panels. 

The room-and-pillar mining process brings coal pillars 
in different conditions: initial, high-load, critical, failure. The 
rate of change in the pillar conditions under the same load-
ing depends on the mining technology and strength of the 
roof and floor rocks. The shapes and characteristics of coal 

pillars in Table 1 are valid for the establishment moment of 
the pillars. Time to failure of the protective pillars ranges from 
a few weeks and months (strips, columns, staggered pillars) 
to a few days and hours (bars, tree shapes). The saw-shaped 
pillars feature the lowest stability. The peripherally saw-like 
walls stand from 1–h to 30–40 min after cutter–loader leaves 
the cut [19]. 

Estimation of coal extractability ratio 

At the same sizes of initial rib pillars, different flowcharts of 
coal extraction from the pillars result in formation of different 
shape protective pillars and, accordingly, in different extract-
ability ratios of coal. The highest extractability ratios are the 
characteristics of tree-shaped and saw-shaped protective pil-
lars (1.3 and 1.4). Such pillars represent remnant narrow walls 
of coal in the center or in the periphery of the initial rib pillars. 
The extractability ratio of coal in case of a tree-shaper protec-
tive pillar reaches 70–80% in the rib pillar and 85–90% in the 
panel. 

In case of the saw-shaped pillars with equal size teeth
(1.4.1), coal extractability ratio reaches 85–90% in the rib pil-
lar and 90–95% in the panel. In case of the saw protective 
pillars with different teeth (1.4.2), coal extractability ratio is 
58% in the rib pillar and 80% in the panel. On average, the 
saw shape of protective pillars (1.4) ensures coal extractabil-
ity of 77% and 90% in the initial rib pillars and in the panel, 
respectively. 

A relatively high extractability ratio of coal is observed with
column-shaped protective pillars (2.3): from 55 to 95% for the 
rib pillars and from 74 to 97% for the panels subject to the final 
shapes of the protective pillars (square 2.3.1 and 2.3.2, diago-
nal 2.3.3 and corner 2.3.4). The average extractability ratios 
with the column pillars (2.3) are 73% for the rib pillars and 83% 
for the panels. 

High extractability ratios above are achievable owing to 
mobile roof support. Temporal transfer of load from strata
pressure to the mobile support allows rapid extraction of coal 
from rib pillars nearby the support at minimized coal loss, and 
enables retreat removal of cutter–loaders from the zone of 
roof caving. These flowcharts provide the highest efficiency 

Fig. 1. Classification of protective coal pillars

Fig. 2. Ranks of protective pillars in terms of coal 

extractability ratios and shapes: 

1 — strips; 2 — combs; 3 — bars; 4 — skeletons; 5 — wings; 
6 — columns; 7 — trees; 8 — saws
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Table 1. Shapes and characteristics of protective coal pillars 

No. Description Final form Shapes and types 
Extractability of rib 

pillar, %

Extractability of 

panel, %

Class 1.0. Continuous pillars 

1 Elongated coal prism 1.1 Strip 0 30–40

2
Elongated prism with blind

cuts 
1.2 Comb 33 50–55

3
Central stepped wall with

narrow partitions 
1.3 Tree 70–80 85–90

4

Peripherally toothed wall
1.4.1 Saw with

equal teeth
85–90 90–95

Peripherally toothed wall
1.4.2 Saw with
different teeth

58 80

5

Prism with asymmetric two-
side cuts 

1.5.1 Skeleton of equal 
elements

50–55 65–70

Prism with asymmetric two-
side cuts 

1.5.2 Skeleton of
different elements

64 76

Class 2.0. Discontinuous pillars 

6
Elongated prism with through

passages 
2.1.1; 2.1.2 Straight 

and canted bars 
50–55 65

7

Discontinuous island 2.2.1 Two-winged 50 60

Discontinuous half-island 2.2.2 One-winged 55–60 70–75

8

Tetragonal prism
2.3.1 Central square 

column
60–80 67–82

Tetragonal prism
2.3.2 Square corner 

column
90–95 97

Parallelogram and trigonal
prisms 

2.3.3 Diagonal column 55 74

Trigonal prism
2.3.4 Triangular corner

column
78 87
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of room-and-pillar mining at the present day, minimize risk of 
accidents and maximize productivity.

The skeleton shapes with equal elements (1.5.1) and dif-
ferent elements (1.5.2) of protective pillars enable extract-
ability ratios of 50–55–64% and 65–70–76% in the rib pillars 
and in the panels, respectively. The same level extractability 
is a feature of the wing-shaped pillars (2.2): 55 and 79% on 
average, respectively. In case of the bar-shaped pillars (2.1), 
extractability ratio of coal reaches 50–55% in the rib protective 
pillars and 65% in the panels. 

When the protective pillars have a shape of strips (1.1), 
extractability ratio in the panel never exceeds 30–40%. On the 
other hand, the strip pillars feature high load-bearing capacity 
and ensure stable roof support for a long time. When blind cuts 
are made in a strip pillar, which transforms it to a comb pillar 
(1.2), the extractability ratio of coal rises to 30–35% in the rib 
pillar and to 50–55% in the panel. The extractability ratios are 
shown versus the pillar shapes in Fig. 2.

It is seen in Fig. 2 that the extractability ratio changes 2
times, from 33 to 77% as a function of the protective pillar 
shape. The difference in the extractability ratio of rib pillars 
and panels varies from 10 to 20% subject to the shapes and 
number of protective pillars in a panel.

The most effective shapes of protective pillars are saws 
(1.4), trees (1.3) and columns (2.3). The extractability ratios 
with such shapes range as 73–77% in the rib pillars and 
83–90% in the panels. The wing-shaped (2.2), bar-shaped 
(2.1) and skeleton-shaped (1.5) protective pillars provide 
extractability ratios of coal from 50 to 58% in the initial rib pil-
lars and from 60 to 73% in the panel. The least efficiency in 
terms of extractability ratio not higher than 33–53% is a fea-
ture of the comb-shaped and strip-shaped pillars (1.2 and 1.1, 
respectively).

Conclusions 

The implemented research has revealed a variety of possi-
ble shapes, sizes and conditions of protective pillars. The pro-
posed classification of protective pillars with respect to their 
structure and shape puts all protective pillars into two classes. 
The class of continuous pillars comprises five kinds and four 
types of pillar shape, while the class of discontinuous pillars 
embraces three kinds and eight types of pillar shapes. The 
estimation allows ranking protective pillars with respect to coal 
extractability ratio. The use of the classification allows pre-
dicting safety and efficiency of room-and-pillar mining at the 
stages of planning, implementation and innovative improve-
ment of mining operations. 
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