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Summary

The problem of the influence of face advance rate (FAR) on rockburst threats, or
more precisely the question of what its rate's value should be, to make it as low as
possible, is very controversial. There are various hypotheses about the influence of
FAR on rockburst and tremors, they are sometimes contradictory. A similar problem
occurs as of the influence of FAR on rock mass and land surface deformations. The
chapter presents selected examples of opinions of Polish researchers and the results
of numerical modelling for the influence of FAR on deformations of the rock mass
and land surface.
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1. Introduction

As a part of the ongoing discussions being kept since the1950s on
the influence of face advance rate (FAR) on the occurrence of tremors
and rockbursts, the opinion of Professor Satustowicz (1955) deserves
attention. Satustowicz presented the influence of FAR as a function of
a certain critical rate. He wrote: "by increasing the face advance rate,
we increase dynamic stress, and thus also the rate of bed deformation
and tendency to rockbursts; at the same time, however, we reduce the
deformations and the elastic stress. At a certain limiting rate, the static
stress decreases to the value of the bed strength, and still below this
value, thus the rock bursts disappear."

At the same time, subsidence, bending, cracks and/or landslides
may occur on the land surface under the mining. The rock mass de-
formations arising in the immediate vicinity of the longwall and cover
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ever higher layers of the rock mass and propagate to the ground sur-
face. There are two types of deformation: continuous deformation and
discontinuous deformation. Continuous deformations, which occur
most often, are of fundamental importance due to the wide range of
occurrence. They are described by means of characteristic quantities
called deformation coefficients. Discontinuous deformations are
much less common, but are more damaging. They occur, i.e., in the
form of thresholds, funnels, sinkholes and gaps.

The time of occurrence of mining influences depends on many
factors: depth of mining, strength and rheological properties of rocks,
method of roof control, volume of exploited rocks and face advance
rate.

Despite many years of research, no clear answer has been found so
far, neither on the influence of face advance rate (FAR) on the intensity
of underground earth tremors and rockbursts, nor on the influence of
FAR on the rock masses and land surfaces deformations.

2. Selected opinions on the influence of face advance rate on the
intensity of underground earth tremors and rockbursts

2.1. Views of some researchers

In general, theoretical considerations and practical experience indi-
cate that as the face advance rate (FAR) increases, the emission of seis-
mic energy increases, and the induced underground earth tremors have
higher energy. The relationship found is not linear but rather exponential.
It causes that the influence of FAR on the rockburst threat is more pro-
nounced at higher face advance rates (FAR). According to Professor
Satustowicz (1955 and later), bump mines should make slow rate to al-
low the rock mass for unstressing.

As the velocity of rock deformation increases, so does their
strength. Research conducted by Griggs and Handin (1960) and later
by other researchers showed that the immediate rock strength is high-
er than the so-called temporary remained strength. Over time, the
strength of the rock decreases.

Wasilewski (1991) stated that the pressure manifestations in the
vicinity of the longwall face increase with increasing face advance
rate (FAR) and the value of pressure depends on the FAR. He rec-
ommends conducting technological tests in the mine in this scope.
These considerations concern the rate of longwall face below the so-
called critical rate. As long as the longwall face rate in beds of being
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endangered by rockbursts is up to about 80m per month (i.e. about
2.7 m/day), the critical rate mentioned above is not yet achieved and
one must always expect a rockbursts. It is determined by the natural
properties of the bed, secondary stresses caused by previous exploita-
tions and stresses caused by the longwall face.

The coefficient of the influence of the face advance rate, thus con-
ditioned, can be investigated only individually for each bed and for
each mine.

An increase in the face advance rate causes an increase in the defor-
mation rate, consequently also in rock strength. Consequently, rock
damage occurs at higher stress levels.

With the face advance rate increasing rapidly, the strength of the
rocks increases and the damage becomes more brittle (see Kieczek, e.g.
2006). As the face advance rate increases, the amount of seismic energy
released by the rocks increases.

The hypotheses assuming that faster rate is more advantage were
recognized. For example, Professor Bilinski (e.g. 1984) considered as
the most dangerous the rate should be pointed from the range of 1.1 to
2.6 m/day.

The analysis of the experimental material carried out by Bilinski
for five different regions and mines showed that also the length of the
longwall for different face advance rate (FAR) significantly deter-
mines the hazard of underground tremors.

The smallest tremors occur in longwalls less than 120 m and in
longwalls over 300 m. This is probably related to the load-spanning
capacity of the roof, thickness of roof layers, strong rock layers and
the ratio of the length of the wall to these spans.

The smallest tremors occurred at face advance rates below of
1m/day and at rates of about 3m/day.

There may be a significant increase of hazard in the intermediate
rate range. The relationship between the average FAR and the state of
rockburst hazard in the rock mass disturbed by exploitation is shown
in Fig. 2.1; the most dangerous FAR is the rate within 1.3<v<2.2
m/day.
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Fig. 2.1. The relationship between the average face advance rate (FAR) v and the
state of tremor hazard in the rock mass affected by exploitation according to Bilinski.
A - T and II degree of rock mass stiffening, B - III and IV degree of rock mass stiffen-
ing

Bilinski considers two rates of face advance (FAR), i.e. up to 1m
per day or above 3m/day, due to rockburst hazards. Other studies
show that for all geological and mining conditions, the face advance
rate at which the lowest seismic energy is emitted can be determined.
Higher energy is generated both above and below this rate. This rule
is often impossible to define for a specific longwall. Most often the
rule is not confirmed anymore for the neighbouring longwall, carried
out in analogous conditions.

Filcek, Kteczek and Zorychta (1984) analysed strength and defor-
mation characteristics obtained in the rigid hydraulic compression ma-
chine. They concluded that there are critical load rates at which total
energy has local extremes. These studies relate to the change in the state
of stress in the roof due to the variable face advance rate (FAR). At the
same time, the authors stipulate that despite the existence of
a relationship between the value of total energy accumulated in the rock
sample and the degree of rockburst hazard, it is inadvisable to transfer
the obtained quantitative results to practice. There is a proportionality
between FAR and the rate of loading the bed, but quantitatively the rela-
tionship between these quantities is still unknown.

Goszcz (2004) solved the problem of the face advance rate (FAR)
theoretically based on the Budryk-Knothe theory and the relationship
between the released seismic energy and the gradient of the subsid-
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ence rate. The results obtained by Goszcz indicate that the ratio of
seismic (total) energy released at two different face advance rates is
as much as the squares of the face advance rate. This relationship ob-
tained by adequate boundary conditions and simplifications, describes
the phenomenon in a qualitative way. Unfortunately, the verification
of this solution is difficult, because there are few documented exam-
ples of mining in identical geological and mining conditions with dif-
ferent face advance rate. In most cases, changing the face advance
rate is a slowdown, but the exponential nature of the relationship be-
tween seismic energy emissions and the face advance rate, rate reduc-
tion gives less effects.

According to Goszcz, the geomechanical interpretation of the
problem of the face advance rate influencing on seismic energy de-
pends on the rock damage mechanics. Part of the deformation in the
loaded rock is elastic and the remaining part is resistant, pseudo-
plastic deformation. The share of energy depends on the rate of in-
crease of deformation. The faster the deformation (the derivative of
deformation in time) is, the greater share of elastic deformation. As
a result, with a rapidly increasing load, the deformation of the rock is
more elastic and ends with its brittle damage. Mining tremors are the
result of brittle rock cracking.

Drzewiecki (2004) conducted research on the influence of face
advance rate (FAR) on seismic hazard during the first longwall. He
stated that this influence could be even greater when was a second
longwall. The range of mining influences as a kinematic parameter of
the range of main influences increases. "Disturbance of equilibrium in
unstable zones, resulting tremors and rockbursts, may occur in such
conditions even at a greater distance from the longwall front than at
slow face advance rate, and due to the increase in rock strength, the
energy of these tremors may be greater." According to Drzewiecki,
a change in the face advance rate, resulting in a change in the range of
the active volume of the rock mass and a decrease of rate, reduces the
intensity of recorded seismic phenomena.

The Interministerial Institute of Geophysics AGH University of
Science and Technology in Cracow researched the relationship be-
tween the energy emitted from rocks under different face advance
rate. On the basis of over 17,000 mining tremors (with energy greater
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than 10°J), recorded by the mines in Bytom's Basin, at different face
advance rate, using a statistical calculation, it was determined that:

- there is a clear correlation between face advance rate and the
number of low-energy mining tremors; with increasing rate - the
number of tremors increases,

- due to the poor material for researching, no relationship was
found between the face advance rate and the occurrence of high ener-
gy tremors. Generally, the research indicated the adverse influence of
high face advance rate on the rockburst hazard.

Research in the area of the 51Z seam section of the "K" mine has
shown that as the expansion of mining operations, there is a marked
increase in seismic energy activity and tremors. It was found that un-
der normal longwall progress, the zone of maximum energy release
and seismic activity displaces deeper into abandoned workings.

In "W" mine in conditions of high rockburst hazard, sectors of
longwall in the "clean field" were used primarily for the analysis.

Observations and measurements showed that the caving longwall
occurs the phenomenon of side wall unload. This displaces the maxi-
mum compressive stress deep into the coal bed and tensile stress - in
abandoned workings. This is due to the roof breaking. It should be
concluded that the grouping of tremors on the coal field and in aban-
doned workings have a different character, which depends on the type
of stress.

Opinions on the recommended face advance rate vary. It is not un-
common to find opinions about the existence of an optimal rate range
Vinin<Vo<Vmax, fOr which the rockburst hazard is lowest.

It is also believed that due to the lower hazard of rockbursts, cav-
ing longwall systems are safer than filling systems. This is confirmed
by the statistics of rockburst occurrences in coal mines, while the sta-
tistics of the seismic activity of the rock mass in copper mines con-
tradicts it. It also seems that due to the smaller deformations of the
rock mass during filling operation there are objective conditions for
limiting seismic emissions and rockburst hazards. At the same time,
however, due to the lower technical level of the filling longwall
equipment and the difficulties of full and continuous roof support, in
these conditions even a small dynamics event can run to catastrophic
effects in the form of rockbursts. Therefore, regardless of the objec-
tive causes of rockbursts, at the current stage of development of the
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mining technique, caving systems should be considered safer because
of the rockbursts than filling systems.

Generally, in practice in conditions of high rock burst hazard, as
arule, the face advance rate and longwall heading progress is limited.
In beds included in the 1st degree rockburst hazard it is not necessary
to limit the face advance rate, and it is even possible to increase it.

However, current research and practice do not provide an une-
quivocal answer to this problem.

2.2. Opinions of experts-practitioners

Polish experts-practitioners (Konopko et al., 1995) presented their
experience on the face advance rate (FAR) and the height of selecting
thick beds stratified in layers (Figs 1.2 and 1.3, Tab. 2.1).

Table 2.1
Opinions of expert-practitioners on the face advance rate (after Konopko et
al., 1995)

Problem Type of Hazards Recommended
longwalls rate
Initial Lower 3.0m/day
Face advance rate - -
of caving longwalls Following Higher -
glong Final Highest 2.3m/day
F d ¢ Initial Lower 2.3m/day
ofagﬁ; Vf‘;fe\;;fs Following Higher 2.4-2.6m/day
£iong Final Highest 2.0m/day
Degree of rockburst Ist IInd ird
hazard
Optimal face ad- No limitations e
vance rate or >3.6m/day ) With limitations
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Fig. 2.2. Preferred progress for initial, following and final caving longwalls accord-
ing to expert-practitioners (after Konopko et al., 1995)
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Fig. 2.3. The preferred face advance rate v of caving longwalls of various face
heights / according to experts, assuming a stratification in layers of #=2.76-2.00m
(after Konopko et al., 1995)

3. Mining-inducted deformations of land surface

The first attempts to measure land surface mining-inducted subsidence
were made at the beginning of the 19th century. Further work developed in
the field in the 20th century in Poland went in four directions:

- solutions based on empirical formulas; indicator of deformations
are determined on the basis of formulas, nomograms, charts - pio-
neering solutions of J. Gonot, G. Dumont and P. H. Leontowski,

- geometric-integral theories based on axioms of empirical solu-
tions (S. Knothe, Z. Kowalczyk, T. Kochmanski, J. Zych, M. Chudek
and L. Stefanski; see e.g.: Borecki et al., 1980, Chudek, 1980,
Knothe, 1984, Zych, 1987),

- research based on continuum models, in which the state of stress
and displacement is determined by state equations dependent on the
assumed medium model (A. Salustowicz, J. Litwiniszyn, F. Dymek
and H. Gil),

- the theory of the stochastic medium (J. Litwiniszyn, H. Smolar-
ski and J. Maczynski).

3.1. Theoretical basis for calculating mining influence on the
land surface and the short characteristics of geometric-integral
theories

The rock mass movements resulting from mining are unique de-
termined by the components of displacements (u,v,w) as a functions
of the coordinates of the rock mass points (x,y,z) and time ¢
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u=u(x,y,z1)
v=v(x,y,2,1)
w=w(x,y,z,t)
The slopes of the mining subsidence 7 in the directions of the co-
ordinate system axis (x, y) are functions of subsidences w and are

ow
T2
oX
ow
=5
9%
Curvatures of the subsiding trough K of continuous deformations
Fw
K,=—
'
Fw
K, =

= op

Vertical strains - derivative of vertical displacements

ow

E,=—

oz

Horizontal strains

e = ou

o

o - ov

y éy

The geometrical-integral theories are based on the principle that
the exploitation of an element with the bed volume dV, that projection
on the horizontal plane occupies the area dP results at point A above
the roof of bed in the subsidence:

dwy=agf(x)dP

where

a - exploitation coefficient depending on the method of roof con-
trol,

g - bed thickness,

x - horizontal distance of point A from the exploited element dP,
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Jf(x) - influence function; different theories using different forms of
this function.

Professor Knothe, adopting the Gaussian distribution of influences
based on the analysis of subsidence of land surfaces in the Silesian
Coal Basin, derived the formula for the influence function f{(x)

f(x) = Tmac g v
r

The function corresponds to the slope of the subsidence through
profile

-
T(x) = 2~ Yo g
ax

and curvature of the subsidence through profile

_ 2
Fw 2aw =

Extreme curvature values occur at a distance of 0.4r from the edge
of mining exploitation field and are

Ky = | 27 Yot _ 14, 5p Ve
e r r

The horizontal displacements of points of the subsidence trough
profile are given by the formula

-

2

W,
ux)=—/—==e"

Y

wherein U, =0,4w,,.

Horizontal strains
-
au \2r =

€(X) :E(: —7 W X€ r
/4 W

wherein g, = +—/=% e =40,6 )
r r

3.2. The problem of the influence of face advance rate

Observations and field measurements show that displacements as
a result of mining begin to occur with a certain delay, gradually in-
crease and reach their maximum value after a certain time.
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It was found that the highest subsidence rate usually occurs in the
second year after mining. In some mining basins, maximum landsur-
facedown rates occur in the first months after mining, while in others
basins - after four years (Knothe, 1980).

When determining the expected displacements, the influence of
the time was usually taken into account by introducing a time coeffi-
cient into the displacement formulas, determining the ratio of the in-
stantaneous subsidence to the maximum final subsidence, depending
on the time since mining ending (see e.g. Strzatkowski 2001, Scigata,
2009.

The time coefficient is also associated with the influence of min-
ing, i.e. the face advance rate (FAR) on the phenomena occurring in
the rock mass and on the shape of the subsidence though and the val-
ues of land surface deformation coefficients (see e.g. Chudek et al.,
2007).

In the 1950s and 1960s, after making many calculations, Knothe
stated that the subsidence rate is proportional to the difference be-
tween the final subsidence wy, that a point on the land surface may
undergo as a result of exploitation a certain part of the bed up to the
time moment £, in the area of mining influence on this point, and the
value of the pointdown in the time ¢

aw
il LAUEIU]
where
¢ - proportionality coefficient, for Silesian Coal Basin ¢=0.5/year
for a predominance of thick and hard sandstones in overlying layers,
c=7/year if there are brittle and/or plastic rock layers above the bed.
Measurements and calculations carried out by Professor Knothe
have determined that the advantageous effect of increasing the face
advance rate (FAR) to land surface protection increases with decreas-
ing ¢ coefficient. It is higher for mining areas where the time after
which the maximum ground movements are longer, i.e. for the rock
mass with thick and hard rock layers. The measurements also allowed
the following conclusion: taking into account the depth of mining, the
effect of increasing the face advance rate at smaller depths of mining
is more advantageous, than when mining operations are at higher
depths.
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Based on Knothe's solutions, the problem of land surface defor-
mation over time in Poland, researched: Skinderowicz, Trojanowski,
Bialek, Drzgzla, Rogowska, Sroka and others.

4. Numerical model

4.1. Geological and mining conditions

Numerical simulations were carried out on an example of mining
of the 35B bed in the S coal mine. The simulation was with caving of
the roof layers. Two face advance rate (FAR) were simulated: the
first "low" and the second "high", i.e. ten times higher than the "low"
rate. Calculations were made based on the Finite Differences Method
FLAC2D v. 3.23 code.

It was a continuation of research on the behaviour of the rock
mass in the vicinity of mining excavations started in 1992 in the La-
boratory of Numerical Modelling of the Rock Mechanics Laboratory
at the Department of Geomechanics, Underground Construction and
Surface Protection (Silesian University of Technology, Kwasniewski
and Wang, 1994).

The rock mass is made of Quaternary and Carboniferous for-
mations. Coal beds are variable with numerous thinning and outpeter-
ing. Slate-silty layers occur in the roof and floor. Sandy shales change
into fine-grained sandstones. The dip of layers in the SW direction is
3-7°.

The 35B bed lies at a depth of -465m in the north to -580m in the
south. The bed has an average thickness of 2.1m. It is a non-
rockbursting bed. In the roof of this bed in the vicinity of the 100C
longwall there are silt and sand shales, and in the floor - too. The
mining area of the 35B bed with the 100 C longwall is enclosed by
faults: from the north "K" with a throw of 60 m, and from the east "J"
with a throw of 30 m. From the south it is limited by the line of the
mining area of the M mine.

The high-efficiency longwall complex 100C equipment consists of:

- mechanized hydraulic support Glinik-13/26 licensed by MECO,
equipped with electrohydraulic control,

- Anderson ELECTRA 1000 shearer from Anderson-Longwall,
with a maximum mining rate of 9.97 m/min.,

- MECO longwall conveyor, with a nominal capacity of 1500 t/h,

- MECO chain longwall conveyor, the capacity 1500 t/h,

- MECO 6x420 heading crossing support with extended roof-bars.
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Data characterizing the mining of the 35B bed by the longwall
100C:

- method of roof control: roof layers caving,

- longwall length: 300 m,

- longwall stopway: 1,248.8 m,

- date of starting mining 16.01.1993,

- date of finishing mining 31.12.1993,

- longwall height 2.1+0.2 m,

- face advance rate over a period of 1 month: from 62 to
196m/month,

- maximum daily rate 12.5 m/day,

- average daily rate: 3.57 m/day.

4.2. Characteristics of the FLAC2D code

The FLAC2D code is a finite difference program. It enables the
building of numerical rock mass models and simulation of the behav-
iour of soil and rock both after reaching the point of plasticity (plastic
flow) and the ultimate strength (brittle fracture). Due to its properties,
FLAC enables solving rock engineering problems, analysis and de-
sign of excavations and their supports, underground and ground-
based structures. FLAC2D is based on the Lagrangian calculation
scheme.

4.3. Rock mass model

A 2D, numerical, structural and physical model of the rock mass
was built, 2250m long and 650m thick. The model was divided by
"W" and "J" faults into three parts: left - west, middle and right - east.

The based model was built in 1993 for the research work carried
out at the Laboratory of Rock Mechanics of DoGUBaLSP as part of
ministerial project No. 231/CS6-9/92 entitled "High-efficiency
longwall complex and new coal mining technology in the S mine.”

Fifty-two rock layers in the roof and twelve layers in the floor of
the coal bed lying at the depth of 535.25m meters with a thickness of
2.25m were distinguished and modelled. The rock mass flat model
was divided into 9750 rectangular elements 150(L)x65(H) with an
average length of 15m and a width of 10m, forming a finite difference
grid with 9,966 nodes (Fig. 4.1).
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Fig. 4.1. A simplified scheme of the modelled rock mass plate with seven stages L,,
of 35B bed mining

Two large faults - west "W" and east "J" dividing the tested rock
mass into three parts, were modelled with the built-in FLAC2D mod-
el of the discontinuity between two parts of the finite difference
mesh.

The longwall mechanized support was modelled using a 10-units
structural element 3.5m width and 2.25m high.

In order to study the changes in stresses and displacements in the
rock mass associated with the mining of the 35B bed with the 100C
longwall, the bed mining was simulated in seven stages of L,=15 m,
60 m, 120 m, 300 m, 600 m, 900 m, and 1260 m.

The 35B bed was mined with roof layers caving.

Depending on the distance from the longwall face, rocks in the
caving zone were assigned different properties, for example values of
volume density, bulk and shear modules (Figs 4.2 and 4.3).

Example:

Stage 1.

L,=15m L~0m H~=0m

L, - the length of the mined part of longwall
L. - range of the caving zone
H,. - height of the caving zone

model null =32, j=13 y=-535,25m
Mechanized support:

support x=479,55 mod null i=32 j=13 y=-535,0
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Fig.. 4.2. Simplified scheme of the model of the first stage of mining (L,,=15 m)

32 33-75 76-92 93-103 104-109 10-113 14 us 16 u7
-52330m

15

“ -530.30m
53300

13 THNE -53525n

64400m 24900m 16100 9000n 5900 4300 |

1ilim 1360m 1521m 1609m 1688m 171im 1726m

Fig. 4.3. Simplified scheme of the model the seventh stage of mining
(L,=1260 m)

Simulating the mining at "low" rate, calculations were completed
after 13,000 steps, which corresponded to the 350-day mining of the
35B bed by a 100 C longwall and an average face advance rate (FAR)
of about 3.6m/day. Simulation of mining at "high" rate (10 times
higher) was completed after 1,300 steps.

The results of the first attempts to simulate exploitation at differ-
ent face advance rate can be found in the research of Kwasniewski
and Wang (1994). The development and full analyses of the project
are in the MD thesis (Tomiczek, 1995).

4.4. Behaviour of the rock mass at the end of selected stages of
bed mining

Due to the volume limitations of the chapter, only selected simula-
tion results are presented (Tab.1 and Figs 4.4-4.11). For the same rea-
sons, the results of calculations were not discussed, leaving conclu-
sions to the readers.
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Table 4.1

Values of deformation coefficients in the part between "W" and "J" faults for
various stages of L,, exploitation and face advances rates (FAR); L; - dis-

tance from longwall face, L, - range of mining influences

(end point of mining)

in the right side

Rate/ Wiax Eumax Tiax Range of mining
distance mm mm/m mm/m influences in the
from in the part in the part be- in the part be- right side (end
longwall between tween faults tween faults point of mining)

face Ly m faults Side Side L, m
Left Right Left | Right
Stopway of longwall L,,=60m
"low" -74.90 -0.168 | 0.242 | -0.376 | 0.590 -
L, m 100.50 7245 | 4905 | 705.0 | 471.0 1134.0
"high" -62.30 -0.168 | 0.200 | -0.245 | 0.521 -
L, m 393.00 7245 | 4905 | 276.0 | 471.0 527.0
Stopway of longwall L,,=600m
"low" -910.00 -1.690 | 0.985 | -2.000 | 2.900 -
L, m -322.50 -244.5 | 204.0 | -614.5 | 28.0 516.0
"high" -148.80 -0.245 | 0.284 | -0.363 | 0.558 -
L, m -439.50 -615.0 | 49.5 | -556.5 | -49.5 535.5
Stopway of longwall L,=1260m
"low" -1508.00 | -2.058 | 0.558 | -2.684 | 2.300 -
L, m -747.50 -630.5 | -396.0 | -1234.5| -26.0 -
"high" -486.10 -0.752 | 0.458 | -1.020 | 1.479 -

L, m -825.50 -903.5 | -708.5 | -1235.0 | -630.5 -
Stopway of longwall L,,=1260m “high” rate in relation to the time of end of “low”
face advance rate (FAR)

"high" -973.00 -1.030 | 0.200 | -1.579 | 1.526 -
L, m -513.50 -626.0 | -1352.0 | -1234.5| 125 -
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The results of numerical modelling and simulation of the rock
mass simulation of coal bed longwall mining allowed to state that
increasing the face advance rate leads to a decrease in the values of
deformation coefficients and the range of continuous and discontinu-
ous deformation.

In the initial stages of mining, e.g. in the first stage, when the bed
was excavated a distance of only 15 m (L,=15 m), these differences
were small. For example, the maximum values of displacement vec-
tors of the supported part of the longwall excavation roof were 1.80
and 2.23 mm for "high" and "low" rate respectively.

The differences, to the advantage of "high" rate, increased as the
longwall stopway growths and became clearly noticeable from the
fourth operating stage (L,=300 m).

After finishing the bed mining (seventh stage, L,=1260 m), the
maximum displacement vectors in the vicinity of the longwall face,
equal to 98.9cm in the case of mining at "low" rate, were more than
four times larger than those equal to 23.5 c¢m, corresponding to "fast"
face advance rate. The direction and distribution of displacement vec-
tors in the immediate vicinity of the longwall face was different.

For "low" rate, the zone of increased rock mass subsidence is
much more regular, symmetrical than that corresponding to "high"
face advance rate. The maximum values of land surface subsidence
equal to 150.8cm, are more than three times larger and cover larger
land areas; for the "low" rate, the subsidence extended to the entire
study area. In the depth of the rock mass, in the rock caving zone
above a selected part of the bed, the maximum subsidence was 157.5
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cm when mining at "low" rate. They were about 2.7 times larger than
the subsidence resulted the "high" face advance rate. The values of
the roof displacement vector in the supported part of the longwall
excavation are more than seven times higher.

The damage zone corresponding to the "low" face advance rate
occupies almost the entire rock mass between the "J" and "W" faults,
while at "high" rate it is limited, except the plasticized soils near the
land surface, only to the immediate vicinity of the selected bed.

Equally large differences occur in the maximum values of slopes
and horizontal deformations of the land surface. Twice larger, reach-
ing 2.68mm/m when operating at "low" rates are compared to those
corresponding to the operation of "fast" face advance rate slope val-
ues. Horizontal deformations are also in the west part of basin three
times higher.

5. Summary and final remarks

The problem of the influence of the time coefficient on the behav-
iour of the rock mass in the vicinity of longwall excavations has be-
come very important because in-, but not only, coal mines, high-
efficiency mining complexes are being bright in an increasingly larg-
er scale.

These complexes allow mining exploitation coal beds at rates
reaching several meters for a day. Due to the tremors and rock bursts,
protection of the land surface, ground and underground structures, it
is necessary to study influence of the face advance rate on seismic
activity and rock mass deformation.

The chapter presents selected results of a literature study and own
research on the problem, as a possibility of beginning further re-
searches.
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