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Introduction 

The technology of coal mining by 
the room and pillar method (RPM) has 
been widely applied all over the world. 
In the USA more than 56 mines use it as 
the dominant technology. In 2015 coal 
production by the underground method 
made 350 Mt in the USA, including 150 Mt 
by the room and pillar system [1]. RPM is 
also operated in mines of Australia, China, 
Canada and South Africa. This system is 
thoroughly studied and detailed in many 
publications by foreign scientists.

In the second half of the 20th century, 
Russian mines used RPM as a secondary 
system for mining coal seams unsuitable 
for fully mechanized longwalling [2, 3]. 
Coal was extracted using RPM in such 
Kuzbass mines as Usinskaya, Sibirgin-
skaya and Raspadskaya [4, 5]. Slug-
gish expansion of application field of the 
method was due to such constraints as 
high gas content and outburst hazard 
of coal seams, lack of domestic equip-
ment and relatively high coal loss. At the 
present time, RPM is used by the Lenin 
and Raspadskaya-Koksovaya mines in 
Kuzbass. The Raspadskaya-Koksovaya 
mine applies this technology in experi-
mental mining of flat seam III with dip 
angle of 10–12� and thickness of 10 m. 
the seam is rockburst-hazardous, gas 
outburst-hazardous and ignitable. Nonetheless, with spe-
cial arrangements under under guidance of scientists, it is 
succeeded in RPM mining in such difficult ground condi-
tions [5]. In some mines in Russia, such as Mezhegeiugol 
in Tyva and Denisovskaya in Neryungry, with simpler geol-
ogy, RPM is applied as the dominant technology [5]. 

Owing to high (30–40%) percentage of coal reserves 
unsuitable for fully mechanized longwall mining in Kuzbass 
as well as due to steady reduction in the number of favor-
able and readily accessible seams, RPM enjoys mount-
ing interest in the recent years. Furthermore, the know-
how and R&D both in Russian and foreign coal industry, 
including technological development and organizational 
management [6, 7], improvement of heading and winning 

machinery [8–12], personnel development [13, 14] and 
application of advanced safety systems [15, 16] elevate 
application potential of RPM in mines in Russia. 

Originally, the room-and-pillar system is a two-stage 
process of coal mining. At the first stage, coal is extracted 
from parallel rooms driven by heading machines, with pil-
lars left in-between. The pillars and roof reinforcement by 
split set rock bolts temporarily preserve the rooms. This 
stage is effectively adopted by the Russian miners in devel-
opment heading both in coal and in host rocks. 

At the second stage, coal is extracted from pillars. The 
pillars can be shaped as prisms or squares. In this regard, 
different stability designs of pillars and their mining tech-
nologies are accepted. As a cutter–loader moves farther 
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from the entries, pressure on pillars grows, the pillars fail
and roof rocks cave. The caving zone gradually follows the
mining front advance. 

This second stage of RPM is worse assimilated in Rus-
sia, insufficiently equipped, weakly supported by science 
and is the most risky. The aforesaid is confirmed by the fact
of a rock fall with. The coming expansion of RPM applica-
tion field in the Russian mines necessitates the in-depth 
analysis of advanced foreign technologies and experience. 

Advanced mining technologies for elongated rib pillar 

In mines in the USA, Australia, South Africa etc, RPM 
forms pillars as elongated prisms of coal. The basic chart
of the further coal extraction from the pillars is demon-
strated in Fig. 1 [1]. 

Coal is extracted from the pillars in retreat mining by
heading machines which successively cuts coal and loads 
it to self-propelling cars. Formerly, roof support used tim-
ber legs and chocks, while in the last thirty years, mobile 
roof support has widely been employed [17, 18]. This type
support is installed at junctures of the rooms and then is
advanced next to the heading machine. In the mined-out 
area (gob), roof caving takes place in a certain time. The
mobile roof support is an essential improvement of RPM
safety and efficiency. 

The first variant of mobile roof support was unsuccess-
fully tested by J. H. Fletcher & Co in 1979, which entailed
conceptual redesign of the equipment. The support was
turned into a machine with a smooth canopy. The prototype
support manufactured by Voest Alpine Mining and Tunnel-
ing was put into operation in Middlebult mine owned by 
Sasol at Secunda in South Africa. The support was named 
the Breaker Line Support (BLS) and used to support roof
during extraction of coal from pillars. Structurally, BLS rep-
resented a crawler frame with a flat canopy propped on
four hydraulic cylinders. The support was meant to a total
load of 544 t [19]. 

Initially J. H. Fletcher & Co. Huntington, WV manufac-
tured supports with capacity of 544 t but now it produces 
supports equipped with cylinders capable to carry loading
of 181 t each, which totals to the overall capacity of 727
t. The height of the roof canopy can reach 5 m. The roof
canopy is made of the top strength steel (T1) and has a 
thickness of 350 mm. This offers a stiff canopy unbending 
under loading and keeping an even smooth surface, which
enables ejection of the support by caving roof. The latter
is also facilitated by a shield canopy behind the support.
Such design ensures conversion of vertical load from cav-
ing roof to horizontal direction. The structure alongside with
the powerful propelling motor promotes reliable advance
of MRS and its independent exit from the gob. 

The retreat mining technology of coal extraction from
pillars with MRS provides arrangement of a pair of the sup-
port under the cave line (Fig. 2). 

The total load-carrying capacity of the support makes 
1450 t in this case, which enables their operation at a depth
down to 600 m [19]. Pillar recovery is carried out by a coal
mining machine with MRS remotely controlled by operators
placed in a safe zone. The entries are unsupported. The
length of the entries reaches 12.2 m. After cutting, the cut-
ter–loader is removed. The operator lowers by a few inches 

the roof canopy of the support which is the nearest to the
gob and advances the support along the roadway approxi-
mately by a half-length (1.8–2.1 m). After that, the canopy
props up the roof again.

The operator treats similarly the second support and
creates conditions for the next cutting. The advance cycle
of the support makes from one to four minutes, and is
synchronized with advance of the coal mining machine or 
with taking up electric cables. The well coordinated work 
of operators makes it possible to remove equipment from
hazardous zone in good time. Roof caving in the gob takes
place beyond the working zone [19].

The MRS method allows both one-side and two-side 
retreat extraction of coal from pillars. The entries are cut in
turns in two pillars. Due to a representative tree-like shape,
the method has been named as Christmas tree (Fig. 3).

In deep-level coal mining or in case of unstable imme-
diate roof, complete pillar recovery is extremely risky. In
such conditions, temporal small pillars can be left in the
center or in the corners of the panel [17, 19]. This coal loss
is a rate for safety of people and equipment. 

According to [18], application of MRS increased pro-
ductivity of coal mining machines. The number of the crew 
involved was smaller than in case of wood props. Coal min-
ing machines with MRS produce much more coal without
repositioning. The rate of coal recovery from an extraction
panel grows.

Remote electronic control of machine operation
improves personnel safety as compared with the earlier 

Fig. 1. Extraction of coal from extended pillars

Fig. 2. Arrangement of mobile supports in a roadway
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applied roof support by wood legs. The advance of MRS is 
4–5 times faster. At the same time, it should be realized that 
MRS carries load from the immediate roof only and is inca-
pable to maintain the total overburden thickness. Owing 
to higher efficiency of cutter–loaders and self-propelling 
shuttle cars, the retreat schemes of secondary coal extrac-
tion have become more productive that the primary mining 
schemes [20, 21]. 

The operation variant of 3 MRS ensured safe cutting–
loading in two-side recovery of coal pillars [22, 23]. The 
productivity of cutter–loader grew in view of less num-
ber of ferries, and the rate of coal recovery from pillars 
increased. The publications emphasized that introduction 
of MRS and remote-control cutter–loaders enabled opera-
tion of personnel outside the hazardous zone of roof cav-
ing, accelerated pillar recovery and doubled production of 
coal in mines. At the same time, the technology required 
special training of personnel to operate in the conditions of 
elevated risk. 

Promising technologies of coal extraction

from square rib pillars

McTyer and Sutherland described the Dunkan Method 
of square pillar extraction in Tasman mine [24]. The mine 
started mining of a gently dipping coal seam 2.2–2.5 m 
thick in 2008. Coal was extracted from rooms 16.5 m wide 
by cutter–loaders. Concurrently, the cutter–loaders were 
used in drilling, rock bolting and installation of reinforce-
ment mesh. The major portion of the seam roof was sup-
ported by square pillars with side of 39.5 m. That large pil-
lars ensured rock mass stability for a long period of time. 

Aimed to increase coal production, it was decided 
to partly extract coal from the pillars. The pillars were 
approached from four sides. Cutting–loading was carried 
out by the Christmas tree method, with installation of three 
MRS under the cave line and with loading of coal to shuttle 
cars (Fig. 4a). Coal output per shift, with two shuttle cars 
made on average round 800 t with the maximum produc-
tion to 1250 t. The corners were left untouched after cut-
ter–loader pushout to support the roof.

The pillars had different sizes due to varied depth of 
extraction panel and changing thickness of overlying rock 
mass. The pillars were designed using a dedicated com-
puter program for pillar stability. Beneath the overlying 

rocks 80 m thick, the remnant coal pillars were 18×18 m 
in size. As the load from the top formations increased, the
dimension of the pillars was enlarged. In the peak strata 
pressure zone (overlying rock thickness 240 m), coal 
extraction from pillars was terminated, and the final pillars 
had sizes of 25×25 m (Fig. 4b). The length of roof spans 
was reduced from 27 to 20 m. 

The width/height ratio of the final pillars changed from 
7.5 to 10.4. As mining depth increased, percentage of coal 
recovery decreased at the same stability of coal pillars. 
Theoretically, the coal recovery rate decreased from 82 to 
67%. The linear extraction ratio (coal output to roadway 
length) lowered from 51 to 36 t/m as the depth of mining 
grew. Total coal production of the first and second stages 
per length of roadways in seam Fassifern 2.4 m thick in 
Tasman mine varied as 55–70 t/m per extraction panels.

The authors highlighted that the Dunkan Method con-
siderably improved safety and productivity of mining. Since 
introduction of the method, no major incidents concerned 
with safety happed at the Tasman mine [24]. 

In some countries, mines used the two-side approach 
to mining square pillars [25, 26]. By this technology, cut-
ter–loaders make entries while advancing along two sides 
of a pillar. The length of each next entry is reduced by the 
value of its width. The roof support at the junctures of the 
rooms and mined-out area uses wood props. 

In South Africa and in the USA, pillars were extracted 
by diagonal cuts. In the first variant, an initial entry was 
extracted with the corner segment left untouched and with 
roof supported by wood props arranged in one row [27]. 
The next entries were oriented along the other diagonal 
and extracted in the direction from the corners to the cen-
ter of a pillar. As a result, the roof was supported by the
central part most capable to sustain strata pressure. Upon 
extraction completion, wood props were rowed along the 
boundary of an entry. To protect rooms from caving zone, 
the two-row waste-edge chock was used. 

Under week roof, pillars were recovered by parallel 
diagonal entries [28]. The entries were made in the same 
direction. The corner and center segments of coal pillars 
were left untouched to ensure safety of mining. With the 
same end in view, two pairs of MRS were advanced subse-
quent to a cutter–loader. Those measures allowed holding 
roof fall and removing equipment from hazardous zone. 

Fig. 3. Two-side coal extraction 

from pillars by the Christmas 

tree method
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Conclusion 

1. The room and pillar method of coal mining has found
wide application in the USA, Australia, South Africa, Mex-
ico, Canada and China. The success was promoted owing 
to elimination of the major drawback of RPM, namely, high
loss of coal in pillars, through the use of mobile roof sup-
port. The structure of this machine includes a roof canopy,
four hydraulic cylinders, caving shield canopy, an electric
motor and a hydraulic pump installed on a crawler frame.

2. Mobile roof supports are used at the intersections
of rooms and entries in pillars. Stepped arranged of two–
three MRS makes it possible to move away natural line of 
roof fall from the operating zone of a cutter–loader and
improves safety. 

3. Coal extraction from extended pillars is carried out
using mobile roof supports by one- or two-side retreat
method with roof caving in gob area. Square pillars are recov-
ered from four or two sides, with minimum coal left for roof
support. Cross or parallel diagonal entries are made as well. 

4. Application of mobile roof supports in the leading coal
mining countries for three decades, with various process flow 
charts used to extract coal from pillars has proved efficiency
of the machines, elevated the rate of coal recovery from pan-
els to 80–90 % and more, as well as improved safety and pro-
ductivity of mining. Learning and implementation of advanced
technologies and experience of pillar recovery boost applica-
tion potential of RPM in Russian mines. 
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